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������ 30    �	�
��
������������� %Overrun �������������
����	�����	���
�����

!����� "#$���	��� ������%����&'(�	���)'�*���% 

 

 ��������� 29 ��	�����	������"#$���	���������%����&'(�	�� �����"���'#	+��,��
	������"�+��-./� ����������
��"�+��-./���� �%���� %Overrun ��"�+��-./�"�)���'!����
�� 
"���'�����������
�0� ���1������	%�#23� ���"�+

'�'���(!��-./� "�	��
'�'���(�	�'*
�
"#$��4�5���6���	���!%��'!0���-'�"���������������
 
����/�
'�'���("�)�7 ��80���'�	'�

��!
9������7 -'�-'�"��� �.��1����"�+
*
�-./� ��	"#���!��#���	�%.�6+�����'���"�+
 Make 

�	�' Break -./����*
�&
� 
����/��������
�0��.����	�%.�6+���� �1����&��"������%�'��	��'�:��
'���(&��&
� �1��	����	���������������
�0���� �.�&������	8��'�:��'���(&��&
�
� �1��������� 
%Overrun %�1�  

��������� 30 ��	�����	���
�����!�����"#$���	���������%����&'(�	�� �����"���'
#	+��,��	���
�����!�����"�+��-./� ����������
��"�+��-./���� ������ %Overrun ��"�+��-./����
#	+��,����"-��-��	�'!�� 0.50 �����
�� �����	�
�'��������	�����	���
�����!�����
"#$���	���������%���������"-��-��	�'!�� 0.50 �������� %Overrun �0�����:
 �%�������������

%�1� "�	���������
��	�
����/������"������%�'��	-./�
0-'�*
� "���'����-'�"������������
���
�����	�%.�6+� �������������
%�1������	�%.�6+����%�1�"������ ���1����-'�"�������/����6+�
"�+��-./�	'�7 
'�'���( *
!&�����%�����
'�'���(�%�"	)�"�+�&# 
����/��������
���"������
����1����"�+
�	�%.�6+��������	8��'�:��'���( ����1������	"�+
*
���������%�� ��' ��	�����	���
������%�������	���
�����!������������"-��-��	�'!�� 0.50 
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    5.3 �������	��
�������
��
�  
��	�
�'����#	�������6��&'(�	���)'�*���)%��������	������ �����	���
�����

!�����"#$���	���������%�� ����	#	�"�+�6����#	�������6�� &
���� �� ��+�� 	� "��/'���6�� 
���=,�#	��> ��������'�*
!	�� (%�	����� 9) 

����	8�'�&
������	���
�����!������������"-��-��	�'!�� 1.00 &���������%�%���
����8+%+ (p>0.05) �����	�������������"-��-��	�'!�� 1.00 �%��������%�%���'!�������!�1���A
����8+%+ (p�0.05) �����	�������������"-��-��	�'!�� 0.25, 0.50 ��� 1.00 ��������	���

�����!������������"-��-��	�'!�� 0.25, 0.50 ��� 0.75 


����/��������������'�*
!	������0�����:
 ��' ��	�����	���
�����!����� �	�'��	�
�����"#$���	���������%���������"-��-��	�'!�� 1.00 *
!�����������
���#	�������6��-'�
��	���
�����!������:�#2���!�0�������	������ �%�&���������%�%�������8+%+ �����������
�����'�*
!	�����%�1�����:
 ��' ��	�����	���
�����!����� �	�'��	������"#$���	���������
%���������"-��-��	�'!�� 0.25  

���%�	����� 9 ��
����"�)������	�����	���
�����!����� �����	�������������"-��-��
	�'!�� 1.00 "#$���	���������%����&'(�	���)'�*���)% ������������'�*
!	���0�����:
 
"���'������������� ��+�� 	� "��/'���6�� ������=,�#	��>�0� &'(�	���)'�*���)%���&
������	
�����	���
�����!����� �����	�������������"-��-��	�'!�� 1.00 ��/ ����� %Overrun %�1������
����������
�0� �1����&��-./�
0"#$�
'�'���(���"�+�&# �.�������	0��.�����"��/'���"��!� 
����/�
60��	+*���.�!'�	��&'(�	������1������	���
�����!����� �	�'��	�������������"-��-��	�'!�� 
1.00 ���������	�����	���
�����!����� �	�'��	�������������"-��-��'���7 "���'����"��/'
���6������������"��/' ���"��!� &��"#$�
'�'���(��� ���&��"#$�"��)
�/1��-)� 5.����	0��.����6�.�
�/1��-)�"�)������"��/'"��!�-./� ��	���������%�������:,����%+"#$�"�����/1��	�'�1���	�������/1� 
5.����"#$���	"�+���������
 �1����"��/'���6��"��!� (Marshall, 2003) 
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 !����� (Tiliacora triandra (Colebr.) Dielsa) ��
"#$�6����/�����-'�#	�"�(&�!  �����
�����%����''�"E�!�"���'�	�'���'����-'�#	�"�(&�! �+!��1���!������������/�����/1� ��&
�
�/1���"-�!�5.�������=,�"���!�����1�&#%��������'&��#	:�"#$�������'&�� �	�'5:#���'&�� ��	�����/�
��!���������/1�&
���	����!-�����
 �����"�+
�����	#	�"������	�'&N*
	�'��'!
������'!0�����
!����� 
����/���!����������"#$������-'�����	�'&N*
	�'��'!
����&
�����		���%+'����+
��.�����
������� "���'����#�'
��!�1��	��60��	+*�� 
����/�����+��!��/�.�����%8:#	�����"���'(.�=�
�	������	���
 '���#	��'� ����:,����%+"�+��������-'�����	�'&N*
	�'��'!
����&
������
!�����  �����	(.�=��	������	���
 �������������"������-'���	���
��	#	�"������	�'
&N*
	�'��'!
������!����� ��' '�%	�����-'���!�����'�����%�'�/1� %�'':,��0�+����������	���
 
('�(�"5�"5�!�) %�'"�������������	���
 (����) ��� 1:6.6 : 85 : 100 ��	���
#	�"������	�'&N*
	
�'��'!
����&
������!����� ��' &5��� 5.����'���#	��'�-'��/1�%����/���
'!0��0�8.�	�'!�� 70 
*
!�/1�%�����"#$�'���#	��'�������' �/1�%��&5*	�  �����#	+��,�/1�%��'���7 &
����    �/1�%��
�	�*��  �/1�%��'�	��+*�� �/1�%�������*%� ����/1�%����0*�� 	����/��	
!0*	�+�"��!�"�)���'!  
*�	��	���������' �/1�%��&5*	����%�'���
��!����� �-(1�4) ��� �-(1�3)  5.��&
������	
�+"�	����
��!�+��"��+�"����� �'������/�!���+"�	����
��! 
0	+"''	��	��
'	�� '+�
	�"	
�"#�*�	 
�*�#O (FT-IR spectroscopy) "���'"#$���	!��!��6����&
�  
 �1��	���:,����%+"�+�������� �����"���'����"-��-��-'���	���
�����!�����"�+��-./� �1����
����������
��������-)��	�-'�"��"�+��-./� "���'"�+��':,��0�+���1�����������
�
��    ��	
#	�� pH  ���1��������������
��������-)��	�-'�"���0�-./���� pH ���� 3-5 �������
�������
�-)��	�-'�"�����
��"���' pH "�+��-./�������� 5 �'������/���	"%+�"���' (NaCl) ��� 
���"5�!���'&	
� (CaCl2) !�����6��������������
��������-)��	�-'�"���
�� ������	"%+�
�/1�%�����6��������������
��������-)��	�-'�"��"�+��-./� �1��	���:,����%+
����	����+�!�
��� steady shear flow behavior �������	����!-'���	���
�����!�������
��Q%+�		���	
&������+�*%"��!� (Newtonian behavior) �������"-��-����'!����	�'!�� 0.5 �����
�
�Q%+�		���	&������'��+�*%"��!���+
"��!	��+��+�� (Shear-thinning behavior) �������"-��-��
��������	�'"������	�'!�� 0.5 �����:,����%+
����	����+�!������(��%	� (dynamic �	�' 
oscillatory rheological behavior) -'���	���
#	�"������	�'&N*
	�'��'!
������!�����  
�����"���'�������"-��-��-'���	���
���!�����"�+��-./� ���*�
0������� (storage modulus; G�) 
"�+��-./� ��������������������	�0A"��!*�
0��� (loss modulus; G�) ��
����"�)�8.�"���'����
"-��-�����-./� *�	�	���-'���!*��+"�'	�����	��
"	�!�%��"#$�	�"��!����-./� 5.��"#$�%����/���8.�
�:,����%+-'���	������Q%+�		�"#$���-'��-)� �:,����%+
����	����+�!������(��%	�-'���	
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���
�����!����� �'������-./�'!0��������"-��-��-'���	���
 !��-./�'!0����':,��0�+'��
��! *
!
�������"-��-��-'���	���
�����!������0� ��������*�
0�������0�-./� 	����/����*�
0���"�+��-./� "���'�

':,��0�+ *
!���':,��0�+%�1� ����:
%�
�����������8��%�1��������':,��0�+�0� ��
����"�)�8.��:,����%+
-'���	���
���Q%+�		�����!-'��-)����':,��0�+%�1�����������':,��0�+�0�  
 ��	�����	���
�����!�����	�'!�� 1.0 "#$���	���������%����&'(�	���)'�*���)% �����
��	!'�	�����
���#	�������6���0�����:
 ��/�����������'�*
!	�� �� ��+�� 	� "��/'���6�� ���
���=,�#	��> 5.��&���%�%��������	�����	���������%�������	��� (��	������) �'������/�
&'(�	���)'�*���)%���&
������	�����	��	���
�����!����� ����� %Overrun �������������
���
"������ �1����&��-./�
0"#$�
'�'���(���"�+�&# 6�+%��,R���6�.��/1��-)�"�)������"��/'"��!�-./�  
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������������	����
	����������	�� 
 

 1.�����6�+%"#$��/1�%��&5�+�'� (xylitol) 5.��"#$��/1�%���'��'N'�����&
�����/1�%��&5*	� 
��
"#$���	����������� (sweetener) �
����/1�%���%�&������������ (anti-cariogenic 

properties) "�����1��	��60����%�'���	����:��/1������	�'60�#S�!"E������ "��� "������ ���!��
����	8#	�!:�%������':%����		� "��� ����T	��� (chewing gum) ���&���1����
2�6: ���!���
2� 
(tooth paste) "#$�%�� 
����/�&5��������!����������"#$������6�+%&5�+�'����&
�����		���%+
��������� 
 2.�����6�+%"#$�&5*	*'�+*��5���&	
� (xylo-ologosaccharides) ��
"#$� sugar oligomers 

5.��6�+%&
����&5���
��!��	&N*
	&�5+�
��!"'�&5�� �	
 �	�'����	�'��0� ��#	�*!���'!���
��	����!��/���':%����		�'���	������&�����'���	 
�������� 31 "��� "#$���	����������� ���
��
"#$� functional foods �����#	�*!���%�'�:-��� "#$�%�� 

 3.��	������	(.�=� biological activity -'���	&5������&
������!����� "���'������
*�	��	���������%�%������&5�������&# *
!#	��'�
��!����� 1�3 ��� 1�4 &��*�5+
+� 

����/���������:,����%+
��� biological activity �%�%������
��!  
 4.���������	#	�!:�%������':%����		���/�'���	���&�����'���	�������!   "���'����
&5��������!��������:,����%+"#$���	"�+���������
 �����������:,����%+����	"�+

9��� (film-

forming properties) 
����/�������1�&#���"#$���%8:"��'#�'���	 (food additive) �	�'��	#	:��%��
'���	 (food ingredient) �1��	����':%����		�'���	 �	�'"#$���	"���'� (coating) ��/���
':%����		�'���	���':%����		��		�:��,R��	�'���&�����'���	 "#$�%�� 

 
   ������ 31      ��	#	�!:�%����&5*	*'�+*��5���&	
� 
                  ���������� : Vázquez et al. (2000) 
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Abstract

Yanang  (Tiliacora triandra) is a vegetable used in the  cuisines of the northeast 

of Thailand and Lao.  Preliminary experiment revealed that Yanang leaves contain 

substaintial amounts of polysaccharides.  This paper reports on the optimized extraction 

and some physicochemical characterization of polysaccharide gum from Yanang leaves. 

The optimized extraction was solid:water ratio 1:6.6, temperature  85	C and extraction 

time 100 minutes. The major constituent monosaccharide of Yanang gum was xylose and 

small amounts of other neutral sugars. The FT-IR spectra of Yanang gum was similar to 

that of xylan. Yanang gum exhibited shear-thinning flow behavior and the extent of 

shear-thinning was concentration dependent.  The mechanical spectra of  Yanang gum at 

low concentration (0.5%) was typical of semi-dilute to concentrated solution.  However, 

with increasing concentration, the solution tended toward a weak gel behavior.  

 

Keywords: Yanang, Tiliacora triandra , Polysaccharide gum, Xylan
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1. Introduction 

 Yanang, Tiliacora triandra (Colebr.) Diels, is in the family of Menispermaceae. It 

is a species of flowering plant native to mainland Southeast Asia, and is widespread in the 

northeast of Thailand. Yanang is called differently from region to region in Thailand.  In 

the north, it has been called Joy-Nang while Toa-Ya-Nanag, Toa-Wan-Keaw and Toa- 

Pakinee are called for Yanang in the central Thailand.  In the south, Yanang is known as 

Wan-Yo.  Yanang is common in deciduous and dry ever green forests (Smitinand & 

Larson, 1991).  It is a climbing plant with deep green leaves and yellowish flowers (Fig. 

1). It is used particulary in the cuisines of the northeast of Thailand and Lao especially in 

bamboos shoot soup.  Chemical analysis revealed that Yanang leaves contain high levels 

of beta-carotene and minerals, such as calcium and iron.  The extract from root of this 

plant is used as a medicinal herb for treatment of fever, malaria and antipyretic 

(Wiriyachita & Phuriyakorn, 1981; Asean Center for Biodiversity, 2006).  A number of 

alkaloids, especially bisbenzylisoquinoline alkaloids have been identified: tiliacorinine, 

tiliacorine and nortiliacorinine (Mahidol, Sahakitpichan, & Ruchirawat, 1994; 

Wiriyachita & Phuriyakorn, 1981). It also contains polysaccharides.

Polysaccharides/hydrocolloids are used as food ingredients in the food industry 

because of their ability to modify/control the functional properties of food systems.  The 

food hydrocolloid industry represents a market of over US$ 3.0 billion (Seisum, 2002; 

Norton & Foster, 2002). Most important properties of hydrocolloids are their viscosity 

(including thickening and gelling) and water binding. Other significant functions include 

emulsion, stabilization, prevention of ice recrystallization and improvement of 

organoleptic properties.   

 Polysaccharides extracted from plant are interesting additives for several 

industries, in particular for the food industry.  These polysaccharides have the advantage 
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of being regarded as natural products for many consumers. Yanang’s leaves can form 

viscous in water. The viscosity contributing components (hydrocolloid/gum) in Yanang 

could be another source of natural polysaccharide. However, there is no information 

available in the literature on the chemical composition and functional properties of this 

material. The current paper is for the first time to explore the potential use of this new 

material. The aim of this study was to optimize the extraction process of polysaccharides 

from Yanang leaves and characterise its physicochemical properties. 

 

2. Materials and Methods 

2.1 Preparation of plant material 

Yanang leaves, procured from a farmer’s market in the Northeast of Thailand 

(Ubon Ratchthani province), were cleaned with water to remove dust and infected leaves 

then dried at 60	C for 3 hours. The dried leaves were ground and stored at room 

temperature in a vacuum packed container before use. 

 Dried Yanang leaves were analyzed for moisture, ash, protein, lipid and fiber 

contents according to the methods of AOAC (1997).  

 

2.2 Extraction optimization  

The extraction was carried out under various conditions according to the central 

composite design (CCD) with a quadratic model (Myers, 1995).  The effect of three 

independent variables, i.e. solid:water ratio, X1  (1:5-1:15), temperature, X2 (25-85 	C) 

and Time, X3 (60-180 min) were determined, and the detailed experimental design is 

shown in Table 1. The independent variables were coded to three levels of -1, 0, +1. The 

dependent variables were the yield (Y1) and viscosity (Y2), which represent both quality 
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of the gum. The optimum conditions for extraction of polysaccharides were determined 

by response surface methodology. All experimental data were statistically analyzed by 

Design-Expert� software (Version 6.0.10, Stat-Ease, Inc., US). The mixture was filtered 

through a vacuum filter and centrifuged at 10,000 rpm for 15 min.  The supernatant was 

concentrated before being precipitated with three volume of ethanol 95% (w/v). The 

precipitate was dried in a vacuum oven and ground to obtain a crude extract. 

 Yield and apparent viscosity were used as criteria for the selection of the 

extraction conditions.  Apparent viscosity was measured using Brookfield Viscometer 

model DV-II+.  

 

2.3 Chemical composition 

Moisture and ash content were determined according to the AOAC methods 

(AOAC, 1997). Protein content was converted from nitrogen content (N
6.25), which 

was determined using an Automatic Elemental Analyzer (ThermoQuest Italia S.P.A. 

EA/NA 1110, Strada Rivoltana, Milan, Italy).  

Total sugars and uronic acid content were determined using the method of Dubois, 

Gilles, Hamilton, Rebers, & Smith (1956) and Blumenkrantz & Asboe-Hansen (1973), 

respectively. 

Monosaccharide compositions were analyzed using a Dionex HPAEC system 

(Dionex Canada Ltd., Oakville, Ont., Canada) equipped with pulsed amperometric 

detector (PAD) as previously described by Wood, Weisz, & Blackwell (1994). In this 

method, the polysaccharide was hydrolyzed in 1M H2SO4 for 2 h at 100 	C to give 

constituent monosaccharides. The hydrolysate was cooled, diluted with water, filtrated 

through a 0.45 �m filter before injected into the HPAEC column.  
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2.4 FT-IR spectroscopic method 

 Yanang gum, xylan from beechwood (x4252), xylan from birchwood (x0502) and 

xylan from oat spelts (x0627) from Sigma-Aldrich Co. (Steinheim, Germany) were dried 

and stored in desiccators prior to FT-IR analysis. FT-IR spectra were recorded using a 

Golden-gate Diamond single reflectance ATR on a FTS 700 FT-IR spectrophotometer 

with DTGS detector (DIGI-LAB, Randolph, MA). The spectra were recorded at the 

absorbance mode from 4000 to 400 cm-1 (mid infrared region) at the resolution of 4 cm-1 

and 128 scans were collected to obtain a high signal-to-noise ratio (Singthong, Cui, & 

Ningsanond, 2004). At least triplicate spectra readings for each sample were performed. 

 

2.5 Rheological properties 

All rheological measurements were determined on a ARES controlled strain 

rheometer (TA Instruments, New Castle, DE, USA). A parallel plate geometry (50 mm 

diameter, 1.0 mm gap) was used for both steady shear and oscillatory measurements. 

Steady shear viscosity was determined at various concentrations. Plots were made of the 

log apparent viscosity vs. log shear rate (from 1 to 400 1/s). The viscoelastical properties, 

such as storage modulus (G�) and loss modulus (G�), were determined through small 

amplitude oscillatory test at frequencies from 0.1 to 20 Hz. Prior to any dynamic 

experiments, a strain sweep test at a constant frequency of 0.1 Hz was conducted to 

determine the linear viscoelastic region. All oscillatory tests were performed at a strain 

value of 0.02 (2%)(within the linear viscoelastic region).  
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3. Results and discussion 

3.1 Optimized Extraction  

 The effects of extraction conditions on the yield and apparent viscosity of 

extracted Yanang polysaccharides are shown in Table 2.  Table 3 summarizes the results 

of each dependent variable with their coefficients of determination (R2). The statistical 

analysis indicated that the proposed model was adequate, possessing no significant lack 

of fit and with satisfactory values of the R2 for all of the responses. The R2 values for 

yields and viscosity were 0.80 and 0.97, respectively. The optimized condition were 1:6.6 

, 85	C and 100 minutes for ratio of dried Yanang leaves powder to water, extraction 

temperature and extraction time, respectively.  

 The effect of the ratio of dried Yanang to water, extraction temperature and  

time on %yield is shown in Fig. 2, 3 and 4, respectively.  The interaction of variable 

factors was statistically significant with R2 value of 0.80. The ratio of dried Yanang to 

water was the major factor effecting the yield of the extraction. The highest yield was 

obtained at the ratio of 1:6.6, extraction temperature 85	C and 100 minutes of extraction 

time. Figure 2 is the response surface plot illustrating the effect of extraction temperature 

and time on yield at the constant ratio of 1:6.6. The interaction between extraction 

temperature and time gave rise to the higher yield at high temperature and long time 

region. In other word, high temperature and long time produced more extracted Yanang 

polysaccharides.  Figure 3 displays response surface plots illustrating the effect of ratio 

and extraction time on yield at constant temperature (85	C). The higher yield was 

obtained at low ratio and longer extraction time.  Figure 4 revealed the effect of the ratio 

and extraction temperature on yield at constant extraction time (100 minutes). A higher 

yield was obtained at low ratio of water to solid and high extraction temperature. 
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The effect of the ratio of dried Yanang to water, extraction temperature and time 

on viscosity is shown in Fig. 5, 6 and 7.  The interaction of variable factors is statistically 

significant with R2 value of 0.97. The highest viscosity was also obtained under the same 

optimum condition for yield at the ratio of 1:6.6, extraction temperature 85	C and 100 

minutes of extraction time. Figure 5 showed the response surface plots illustrating the 

effect of extraction temperature and time on viscosity at constant the ratio (1:6.6). The 

interaction between extraction temperature and time gave rise to the higher viscosity at 

high temperature and long time. This is consistant with the effect of temperature and time 

on yield.  Higher temperature and longer extraction time gave higher yield of Yanang 

polysaccharide, which is responsible for the high viscosity.  Figure 6 displayed response 

surface plots of the effect of the ratio and extraction time on viscosity at constant 

temperature (85	C).  The higher viscosity was obtained at medium ratio and long 

extraction time (60-140 minutes).  The effect of the ratio and extraction temperature on 

viscosity at constant extraction time is shown in Figure 7. The higher viscosity was 

obtained at high ratio of dried Yanang leaves powder to water and wide range of 

extraction temperature. 

  

3.2 Chemical compositions 

 Dreied Yanang leaves contained, on average, 10.42% moisture, 8.96% ash, 

10.04% protein, 2.66% lipid and 68.30 % total dietary fiber. The extracted Yanang gum 

with optimum conditions was selected for further characterization. The total sugar content 

including uronic acid was ~70% (Table 4), and the value was similar to those of 

birchwood xylan (72.0% sugar content), oat spelt xylan (73.1%) and cotton seed xylan 

(75.0%) (Sun, Yoshida, Park, & Kusakbe, 2002). Birchwood and cotton-seed xylan 

contained only xylose and uronic acid. By contrast, oat-spelt xylan contained not only 
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xylose and uronic acid but also arabinose and glucose. The total sugar of wheat straw 

hemicelluloses were about 70-80% which mainly consisted of xylose (68.5-79.5 

relative%) whereas galactose, glucose and mannose were observed as minor sugar 

constituents. Arabinose appeared in noticeable amounts (9.2-16.5 relative%) and uronic 

acid content averaged about 4-5% of wheat straw hemicelluloses (Sun, Lawther, & 

Banks, 1996).  The difference observed in monosaccharide and uronic acid contents could 

be due to raw material and dissimilarities in the hydrolysis procedures. The 

monosaccharide compositions of Yanang gum is mainly consisted of xylose (ca. 73 

relative%) followed by glucose (ca. 11 relative%), which is presumably as glucan (Table 

4). Arabinose and galactose appeared as a noticeable quantity. The lower of arabinose 

content may be indicating a lower degree of branching of the xylan chains (Ebringerová, 

Hromádková, Petráková, & Hricovíni, 1990; Sun & Sun, 2002).  

 

3.3 FT-IR spectroscopy 

The FT-IR spectra of carbohydrate is used to determine their structural features. 

The wave number between 950 and 1200 cm-1 is often called the fingerprint of molecule 

because it allows the identification of major chemical groups in polysaccharides: the 

position and intensity of the bands that are specific for each polysaccharide (Cernà et al., 

2003; Ka�uráková & Wilson, 2001). Since monosaccharide composition analysis 

revealed that Yanang gum is mainly composed  of xylose, FT-IR spectra of Yanang gum 

were compared against three commercial xylan standards (Fig.8). It was found that the 

FT-IR spectra of Yanang gum exhibited similarities in absorption pattern to xylan, 

confirming the preliminary conclusion derived from chemical composition analysis 

(Table 4) that the polysaccharide gum from Yanang leaves is a xylan.  The broader band 

of absorption between 3600 and 2500 cm-1 was due to O-H stretching whereas an intense 
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ring and (COH) side group band at~1047 cm-1 dominates the spectrum of xylan with   � 

(1�4) backbone (xylan standards) while in the � (1�3) linked xylan two partially 

overlapping bands at~ 1066 and 1030 cm-1 are found instead (Ka�uráková & Wilson, 

2001; Ka�uráková, Wellner, Ebringerová, Hromádková, Wilson, & Belton, 1999).  There 

is a broadening of these bands of Yanang gum which could be caused by mixed � (1�4) 

linked with � (1�3) linked xylans (Ebringerová, Hromádková, Ka�uráková, & Antal, 

1994; Ka�uráková et al., 1999).  Moreover, in � (1�4) xylans the dominant band 

positions are those of the glycosidic link and ring vibrations at 1125 and 1089 cm-1.  The 

sharp band at ~897 cm-1 corresponding to the C-1 group frequencies or ring frequency 

which is characteristic of �-glycosidic linkages between the sugar units (Sun et al., 1996). 

The difference in the anomeric region is a band position of 897cm-1 for  � (1�4) linked 

backbone of xylan standards and the broadening of bands between 897 and 904 cm-1 for 

the remaining xylan mixed � (1�4) linked with � (1�3) linked backbone of Yanang 

gum (Ka�uráková et al., 1999). Xylan-type polysaccharides isolated from plant are 

usually contaminated with phenolics, lignin, protein and pectin.  The phenolic and 

proteins have specific absorbtion bands in the 1700-1500 cm-1 region (Ka�uráková & 

Wilson, 2001; Ka�uráková et al., 1999). The FT-IR spectrum of pectins are usually 

overlapped by the uronic acid carboxyl and carboxylate vibrations at around 1730 and 

1600 cm-1 (Singthong et al., 2004). This is in agreement with the literature, where these 

bands are assigned to different vibrations from the carboxylic acid (and carboxylate ion) 

group in the 4-O-methyl-uronic acid substitutents in the xylan (Åkerholm & Salmén, 

2001).  The high intensity of band around 1730 cm-1 indicated a higher content of uronic 

acid than xylan standards. 
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3.4 Rheological properties 

The effect of shear rate on viscosity for polysaccharide gum from Yanang leaves

of 0.5-2.0% (w/v) at 25	C is shown in Fig. 9.  A shear thinning flow behavior was 

observed at high concentrations (1-2%).  However, the flow behavior of Yanang gum at 

concentration of 0.5% showed Newtonian flow behavior  at low shear rate region whereas 

shear thinning flow behavior was observed at higher shear rate region. The change of 

flow behaviors of Yanang gum at different concentrations could be explained by the 

concentration effect of polysaccharides that are known be able to form ordered structures 

through intermolecular entanglements. The application of a shear force to the 

concentrated polymer system will cause the disruptions of ordered structures, which 

would lead to a decreased viscosity with increased shear rate. (Lapasin & Pricl, 1995). 

The mechanical spectra of Yanang gum at different concentrations are shown in 

Fig. 10. The loss modulus (G�) was higher than the storage modulus (G�) at low 

frequencies and the reverse was observed at higher frequencies for all three 

concentrations. However the cross-over of G� and G� occurred at frequencies of 2.5, 0.5 

and 0.15 Hz for 0.5, 1.0 and 2.0% concentration, respectively.  When the experiments 

carried out at lower temperature, the cross-over frequency shifted to lower region, 

indicating stronger elastic component (Brito, Sierakowski, Reicher, Feitosa, & Paula, 

2005). The moduli of Yanang gum at 5	C was higher than at 25	C, although the nature of 

the mechanical spectrum remained the same. On the other hand, increasing Yanang gum 

concentration, G� becomes greater than G� indicating a clear tendency to form 

macromolecular networks. The increase in G� with increasing concentration may be 

explained by the increase in both the number and the average size of junction points 

(Clark & Ross-Murphy, 1987). The mechanism spectra of 1.0 and 2.0% Yanang gum at 
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both 25 and 5	C exhibited a weak gel structure as its G� was much greater than the 

corresponding G� and the two moduli was crossover at low frequency. The gel strength 

observed for 1.0 and 2.0% Yanang gum is consistent with the previous observation by 

steady shear measurement in which the apparent higher viscosity was attributed to the 

higher effective concentration of Yanang gum. 

 

4. Conclusion 

The optimized extraction condition of polysaccharide gum from Yanang leaves 

was identified as 1:6.6, 85	C and 100 minutes for dried Yanang leave to water ratio, 

extraction temperature and extraction time, respectively. The major constituent 

monosaccharide of Yanang gum was xylose, together with small amounts of rhamnose, 

arabinose, glucose and galactose. The FT-IR spectra revealed that Yanang gum had a 

similar structure to xylan. The rheological behaviors of Yanang gum were showed that 

Yanang gum exhibited a non-newtonian shear-thinning flow behavior at 0.5% and above. 

The mechanical spectra in the linear viscoelastic region, as a function of Yanang gum 

concentration and temperature were studied. The cross-over frequency shifted to lower 

region at lower temperature and/or higher concentration, demonstrating stronger elastic 

component. This research just started the exploration of material. Further research is 

undergoing in order to elucidate the structure and functional properties of polysaccharide 

gum from Yanang leaves.  
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Legend for Figures 

Figure 1 Yanang leaves.  

Figure 2 Response surface and contour plots of the effect of extraction temperature 

and time on yield at the ratio 1:6.6. 

Figure 3 Response surface and contour plots of the effect of the ratio of dried 

Yanang to water and extraction time on yield at extraction temperature 

85	C. 

Figure 4 Response surface and contour plots of the effect of dried Yanang  

 to water and extraction temperature on yield at extraction time 100 

minutes. 

Figure 5 Response surface and contour plots of the effect of extraction temperature 

and time on viscosity at the ratio 1:6.6. 

Figure 6 Response surface and contour plots of the effect of the ratio of dried 

Yanang to water and extraction time on viscosity at extraction temperature 

85	C.  

Figure 7 Response surface and contour plots of the effect of dried Ya-Nang to water 

and extraction temperature on viscosity at extraction time 100 minutes. 

Figure 8 Fourier transform infrared spectra of Polysaccharide gum from Yanang 

leaves and xylans. (a) Full FT-IR spectrum, (b) Expanded FT-IR spectrum. 

Figure 9 Steady shear flow curves of polysaccharide gum from Yanang leaves   at 

different concentrations at 25	C. 
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Figure 10 Frequency dependence of storage (G�) and loss (G�) modulus of 

polysaccharide gum from Yanang leaves at different concentrations: (a) 

25	C; (b) 5	C. 
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(a) 

                                               Interesting peaks 

 

(b) 

 

 

 

Figure 8 

 



 

 

77

77

0.01

0.1

1

10

100

0.1 1 10 100 1000
Shear rate (1/s)

Vi
sc

os
ity

 (P
a.

s)

0.50%
1%
1.50%
2%

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 9 



 

 

78

78

0.1

1

10

100

0.1 1 10 100Frequency (Hz)

St
or

ag
e 

(G
') 

an
d 

lo
ss

 (G
")

 m
od

ul
as

 (P
a)

G', 0.5%
G" , 0.5%
G', 1.0%
G" , 1.0%
G', 2.0%
G" , 2.0%

 

(a) 

0.1

1

10

100

0.1 1 10 100
Frequency (Hz)

St
or

ag
e 

(G
') 

an
d 

lo
ss

 (G
")

 m
od

ul
us

 (P
a)

G', 0.5%
G" , 0.5%
G', 1.0%
G" , 1.0%
G', 2.0%
G" , 2.0%

 

(b) 

 

 

 

Fig. 10 
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Table 1      The central composite experimental design (in coded level of three         

 variables) employed for extraction of Yanang gum. 

Extraction conditions 
Treatment 

solid:water ratio (X1) Temperature (X2) Time (X3) 

1 1:5 (-1) 25 (-1) 60 (-1) 

2 1:15 (+1) 25 (-1) 60 (-1) 

3 1:5 (-1) 85 (+1) 60 (-1) 

4 1:15 (+1) 85 (+1) 60 (-1) 

5 1:5 (-1) 25 (-1) 180 (+1) 

6 1:15 (+1) 25 (-1) 180 (+1) 

7 1:5 (-1) 85 (+1) 180 (+1) 

8 1:15 (+1) 85 (+1) 180 (+1) 

9 1:10 (0) 55 (0) 120 (0) 

10 1:10 (0) 55 (0) 120 (0) 

11 1:10 (0) 55 (0) 120 (0) 

12 1:10 (0) 55 (0) 120 (0) 

13 1:1.6 (-1.68) 55 (0) 120 (0) 

14 1:18.4 (+1.68) 55 (0) 120 (0) 

15 1:10 (0) 5 (-1.68) 120 (0) 

16 1:10 (0) 105 (+1.68) 120 (0) 

17 1:10 (0) 55 (0) 19.2 (-1.68) 

18 1:10 (0) 55 (0) 220.8 (+1.68) 

19 1:10 (0) 55 (0) 120 (0) 

20 1:10 (0) 55 (0) 120 (0) 

+= upper level, -= lower level  and  0= center points  

ratio is dried Yanang leaves : water 

Temperature is the extraction temperature (	C) 

Time is the extraction time (min) 

Figures in parentheses denote coded level of variables. 
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Table 2 Effect of extraction conditions on %yield and viscosity of extracted  

 Yanang gums. 

* 1.0% sample (w/v) using spindle number 2 speed 100 rpm. The viscosities (cPs) of 

sample were measured by Brookfield Viscometer model DV-II+. 

 

 

Independent variables Dependent variables 
Treatment 

Ratio (X1) Temp. (X2) Time (X3) %Yield (Y1) Viscosity*  (Y2) 

1 1:5 (-1) 25 (-1) 60 (-1) 1.73  264.00 

2 1:15 (+1) 25 (-1) 60 (-1) 1.18  366.40  

3 1:5 (-1) 85 (+1) 60 (-1) 2.79  706.67  

4 1:15 (+1) 85 (+1) 60 (-1) 2.24  181.67  

5 1:5 (-1) 25 (-1) 180 (+1) 2.98  135.60  

6 1:15 (+1) 25 (-1) 180 (+1) 2.15 779.73  

7 1:5 (-1) 85 (+1) 180 (+1) 4.51  420.80  

8 1:15 (+1) 85 (+1) 180 (+1) 1.05  198.93   

9 1:10 (0) 55 (0) 120 (0) 2.56 1588.53 

10 1:10 (0) 55 (0) 120 (0) 2.02 1434.67 

11 1:10 (0) 55 (0) 120 (0) 2.45 1623.33 

12 1:10 (0) 55 (0) 120 (0) 2.15 1842.00 

13 1:1.6 (-1.68) 55 (0) 120 (0) 2.39 303.20 

14 1:18.4 (+1.68) 55 (0) 120 (0) 1.44 272.27 

15 1:10 (0) 5 (-1.68) 120 (0) 2.00 872.67 

16 1:10 (0) 105 (+1.68) 120 (0) 2.75 572.00 

17 1:10 (0) 55 (0) 19.2 (-1.68) 2.22 869.33 

18 1:10 (0) 55 (0) 220.8 (+1.68) 2.22 293.87 

19 1:10 (0) 55 (0) 120 (0) 2.33 1688.67 

20 1:10 (0) 55 (0) 120 (0) 2.01 1736.67 
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Table 3   Response surface model for extraction process of Yanang gums.  

 
Response Quadratic polynomial model R2 Significance 

%Yield (Y1) Y1 =  -1.19885 + 0.24383X1 + 0.035527 X2   

+ 0.021424 X3 - 3.30624
10-3X1
2 + 

8.88649
10-5X2
2 + 6.99380
10-6X3

2-

2.19167
10-3X1X2 -1.32917
10-3X1X3 - 

1.17361
10-4X2X3 

0.80 0.0279 

Viscosity (Y2) Y2 = -3387.79421 + 426.08568X1 + 

58.16183X2 + 23.89365X3 - 20.03240X1
2- 

0.38573X2
2 - 0.11025X3

2 - 1.24450X1X2 + 

0.35202 X1 X3 - 0.038440X2X3 

0.97 0.0001 
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Table 4 Chemical compositions of Yanang gums. 

Composition (%) Yanang gum 

Moisture 7.63�1.32 

Ash 8.46�0.99 

Protein 6.59�0.07 

Lipid 1.26�0.97 

Total sugar (as xylose equivalent) 59.47�3.45 

Uronic acid  

(as galacturonic acid equivalent) 

10.12�1.15 

Monosaccharide (relative %)  

     Rhamnose 0.50±0.08 

     Arabinose 7.70±0.18 

     Galactose 8.36±0.64 

     Glucose 11.04±0.54 

     Xylose 72.90±0.71 
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AbstractAbstract
Yanang (Tiliacora triandra) is a vegetable used in the cuisines of the northeast of Thailand and Lao. Preliminary experiment revealed that Yanang leaves contain

substaintial amounts of polysaccharides. This paper reported the optimized extraction and some physicochemical character of polysaccharide gum from Yanang leaves. The 
optimized extraction was at the solid:water ratio of 1:6.6, temperature of 85	C, and extraction time of 100 minutes. The major constituent monosaccharides of Yanang gum were 
xylose and small amounts of other neutral sugars. The FT-IR spectra of Yanang gum was similar to that of xylan. Yanang gum exhibited shear-thinning flow behavior and the extent 
of shear-thinning was concentration dependent. The mechanical spectra of Yanang gum at low concentration (0.5%) was typical of semi-dilute to concentrated solution. However, 
with increasing concentration, the solution tended toward a weak gel behavior. 
KeywordsKeywords::Yanang, Tiliacora triandra , Polysaccharide gum, Xylan, Yanang (Tiliacora triandra) leaves 

IntroductionIntroduction
Yanang, Tiliacora triandra (Colebr.) Diels, is in the family of Menispermaceae. It

is a species of flowering plant native to mainland Southeast Asia, and is widespread in 
the northeast of Thailand. It is used particulary in the cuisines of the northeast of
Thailand and Laos especially in bamboos shoot soup. Chemical analysis revealed that
Yanang leaves contain high levels of beta-carotene and minerals, such as calcium and
iron. The extract from root of this plant is used as a medicinal herb for treatment of
fever, malaria and antipyretic (Wiriyachita and Phuriyakorn, 1981, Asean Center for
Biodiversity, 2006). Yanang’s leaves can form viscous in water. The viscosity
contributing components (hydrocolloid/gum) in Yanang could be another source of
natural polysaccharide. The aim of this study was to optimize the extraction process of
polysaccharides from Yanang leaves and characterise its physicochemical properties.
MaterialsMaterials andand MethodsMethods
1. Extraction optimization

Yanang leaves, procured from a farmer’s market in the Northeast of Thailand
(Ubon Ratchthani province), were cleaned with water to remove dust and infected
leaves then dried at 60	C for 3 hours. The extraction was carried out under various
conditions according to the central composite design (CCD) with a quadratic model
(Myers, 1995). The effect of three independent variables, i.e. solid:water ratio, X1
(1:5-1:15), temperature, X2 (25-85 	C) and Time, X3 (60-180 min) were determined,
and the detailed experimental design is shown in Table 1. The independent variables
were coded to three levels of -1, 0, +1. The dependent variables were the yield (Y1) and
viscosity (Y2), which represent both quality of the gum. The optimum conditions for
extraction of polysaccharides were determined by response surface methodology. All
experimental data were statistically analyzed by Design-Expert� software (Version
6.0.10, Stat-Ease, Inc., US).
2. Chemical composition

Moisture, protein and ash content were determined according to the AOAC
methods (AOAC, 1997). Total sugars and uronic acid content were determined using the
method of Dubois, et al. (1956) and Blumenkrantz and Asboe-Hansen (1973),
respectively. Monosaccharide compositions were analyzed using a Dionex HPAEC
system (Dionex Canada Ltd., Oakville, Ont., Canada) equipped with pulsed
amperometric detector (PAD) as previously described by Wood, et al. (1994).
3. FT-IR spectroscopic method

Yanang gum and xylan standards were dried and stored in desiccators prior to FT-
IR analysis. FT-IR spectra were recorded using a Golden-gate Diamond single
reflectance ATR on a FTS 700 FT-IR spectrophotometer with DTGS detector (DIGI-
LAB, Randolph, MA).
4. Rheological properties

All rheological measurements were determined on a ARES controlled strain
rheometer (TA Instruments, New Castle, DE, USA). A parallel plate geometry (50 mm
diameter, 1.0 mm gap) was used for both steady shear and oscillatory measurements.
ResultsResults andand DiscussionDiscussion

The optimized condition were 1:6.6 , 85	C, and 100 minutes for ratio of dried
Yanang leaves powder to water, extraction temperature and extraction time,
respectively. The major constituent monosaccharide of Yanang gum was xylose, 
together with small amounts of rhamnose, arabinose, glucose and galactose. The FT-IR 
spectra revealed that Yanang gum had a similar structure to xylan. 

Fig. 1 Contour plots of the effect of the ratio, extraction temperature and time on yield. 
(a) at the ratio of 1:6.6, (b) at temperature of 85 	 C, (c ) at time of 100 min 

Fig. 2     Contour plots of the effect of the ratio, extraction temperature and time on   viscosity. 
(a) at the ratio of 1:6.6, (b) at temperature of 85 	 C, (c ) at time of 100 min

Fig. 3 Chromatogram of Monosaccharides.     Fig. 4 FT-IR of Yanang gum and xylans.

The   rheological behaviors   of  Yanang gum   were   showed   that  Yanang gum 
exhibited  a  non-newtonian shear-thinning  flow behavior  at  0.5%  and  above.    The 
mechanical  spectra  in  the  linear  viscoelastic region,  a s a  function of   Yanang gum 
concentration  and temperature were studied.   The cross-over frequency shifted to lower
region at lower temperature and/or  higher concentration, demonstrating stronger elastic
component.

Fig. 4 Frequency dependence of G� and G� of Yanang gum at different concentration. 
(a) 25	C, (b) 5	C

ConclusionConclusion
The optimized extraction condition of Yanang gum was identified as 1:6.6, 85	C

and 100 minutes for the ratio, extraction temperature and extraction time, respectively.
The major constituent monosaccharide of Yanang gum was xylose, together with
small amounts of rhamnose, arabinose, glucose and galactose. The FT-IR spectra
revealed that Yanang gum had a similar structure to xylan. The rheological behaviors
of Yanang gum were showed that Yanang gum exhibited a shear-thinning flow behavior.
The cross-over frequency shifted to lower region at lower temperature and/or higher
concentration, demonstrating stronger elastic component.
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