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Abstract

The main problem of using plants as alternative medicines or functional food for

health promotion in animals is due to the variation in their active ingredients content.

This variation emerges from species differences, the places of plantation and seasons

of harvesting.  Currently, there is no standard procedure for their quality control.  In this

research, crude extracts of guava leaves were studied for their preparation and

standardization.

Two varieties of guava; Local and Vietnam types, were used in our study. Dried

guava leaves were extracted in an aqueous solution of 50% ethanol and then dried

under Speed Vac
�

 and vacuum oven.   The percentage yields of the dried extracts

obtained from Local and Vietnam guava were 10.19 and 8.08, respectively.  One of the

active ingredients, quercetin was selected to be used as a marker in suitable high

performance liquid chromatography (HPLC) system developed in this study.  Separation

was performed at room temperature on a reversed phase C-18 column, with a mobile

phase consisted of 0.1% aqueous solution of phosphoric acid and methanol in the ratio

of 1:1.   The column eluent was monitored using a diode array at a wavelength of 255

nm, a flow rate of 1.2 ml/min.  The retention time of quercetin was about 19.6 minutes.

The reproducibility of the assay varied between 100.75 to 101.55% with the maximum

relative standard deviation of 1.61%.  Each standard calibration curve of quercetin was

found to be linear over the concentration range of 16.5 to 330  �g/ml. The correlation

coefficient (r
2
) values were in range of 0.9937 to 0.9998.  For specificity evaluation, it

was found that the HPLC system can detect quercetin retaining in both the extracts and

the product without any interfering from the additive added.

The amount of quercetin detected in local guava was about 4.8 times higher

than that detected in Vietnam type. Both extracts showed potent antioxidant activities

with the EC50 of 3.31 �g/ml for local type and 4.48 �g/ml for Vietnam type.

Accordingly, the extract from local guava was selected for further study to its product

development and stability.  However, it has been found that quercetin in both crude

extracts are not stable in several conditions such as light, heat, moisture as well as acid

and base.  The product of guava extract was prepared by combining 3.35% w/w

Aerosil
®
 with the extract before drying, giving a more physically stable powders. The

product contained 1.71%w/w quercetin and the EC50 of less than 5 �g/ml of extract.
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Under accelerated conditions (45, 60 and 70
o
C, 75%RH), the overall loss of quercetin in

both extract and product forms displays a non-linear profiles indicating the complex

decomposition in solid state.  Its initial phase of degradation exhibits an apparent

second-order kinetic behavior where the half-life is dependent on the initial

concentration and the degradation rate constant at each condition.  The initial lag time

was also observed in the degradation of the product, suggesting the protective effect of

the additive in formulation.  No degradation was observed in the product kept at 45 and

60
o
C for 7 days.   Similar result was found after heating the product at high temperature

(80
o
C) for 3, 5 and 7 minutes, the remained quercetin was 99.44, 83.38 and 77.06%,

respectively.  It should emphasize that there is no significant decrease in the amount of

quercetin heated at 80
o
C for 3 minutes which is a normal condition for exudation in

manufacturing of animal food. Moreover, it has been found that the EC50 of the product

kept under accelerated conditions, increased to about 10 �g/ml. Although the anti-

oxidant activity of the product decreases, but it is still better than the activity of the

positive control, BHT (EC50 19.92 �g/ml).

Overall, It seems to be able to develop a product of guava extract  with  better 

physical and chemical stability.  This may be achieved by modifying the formulation or 

using higher production technology.  However, it has to concern that the cost of overall 

production has to be reasonable for industry of animal production.  This research may 

be useful and can be applied for the study of other herbal plants for animal production.
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��>1�' 1-1  Psidium guajava Linn., MYRTACEAE

��������� : Guava

������������������ : Psidium guajava Linn.

�������� : MYRTACEAE

��������!���"�#��
��$���:
"������    :  &�
'�

"���-�)� :  �+���9� ���
'� 
:��1
������ ��>:� ��	�� ��9�9��
������� ����

"����
�� :  
�$� �
�
�$� -���
�$�

"��%�+ :  �9�-��9 ���� 
:������A�������� 	:9��>� >N���������� *�(�9

�
���!#%& :C�+�)��+� 
�� 3 - 10 ���� �>�)���+������

'� : �$�'�� ���������+�� -�)���>�������������� ��+�� 3 - 8 L�. ��� 6 - 14 L�.

(�! : �$�'��-�)�*9� 2 - 3 $�� ���1�'L��%� ����$��
���� �9���9�� ��
��
�!�+	,�������

)� : �>J�!�
$�',��I,�

��!#%&���*+!#������ (Anon, 2547)

&�
'��>J�()*()I���)����������������+�� ���B���,���>���%�>���1�����+��1
'�C>

&�
'�1�'�
�>��1��!�
$�����9-���(
�A:���	��9����B�'��,����$�$��C$+�>J�

-  &�
'�(
�A:�()I���)�����C1� C$+��9 (
�A:���I�� !������$��H����  ��>�9����1
I���������>

C�9 !������� ��)I�
�*�(� ��)I���� �
-������>��I�� -�)����
&�$>� C
+
��$� ��$!�
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�>J���:9�  ���H$��	,�������  �,��+���H���� 1�1���9�
"�(��$�+��C$+$���� C�9��

���>����>J�����+� >N		:�
�	�-�$�C$+���*��1

- &�
'�(
�A:�����$��� ��B�'��$�����9%�>���1�����$��� �,���+�>���1�C1�>����� 10  >�

1�'!9����  !����$%-09    >�����  700 – 1,200  ��
� !����:��� ��)I�-�� ���� ��

���H$	,������� %-+!�$� �,��+���H������� 1���+��!9��+����� ��9����C$+-���

(
�A:������>�9���
�������!� �*9�

1. (
�A:����
���' !���������$%-09 !��
�������9�� ��)I�-����9�������� �


-������>��I����H��+��

2. (
�A:�������� (�����*
�-��'�) !����$%-09��� �
+�!9�����������>�����

15 L�. ��>�9����� �
-��� !��������9����)�����

3. (
�A:����1�����+� (�����*
�
��) �
�����-�)��(
�A:�������� ��9����>�9��!�

������ �
����%���� �
*����-�)��(
�A:��������

4. (
�A:���������>�>?� C$+��	�����!
�(
�A:���-�9��(
�A:����-+� (&�
'�

����$��) �
�(
�A:����
���' ((
�A:�����$���) �>J�(
�A:�C�9�����H$ �,��+�-�)���'�

����$�-�)���'�1�'���%-�9���
�����>J��-��'�� %���%-09�9���+����� ���

%��>J���)'���H��+�� �
+�%���)'����$+����	��>J��9��������-9����9���$9�

*
$�9���
�&�
'�1
'� � C> !������$%-09 �I,�-�
����9��-�9�� 600 – 1,100

��
�  �9���+�������+����>�>?�  ��)I�-����9����$1
I�!� ���� �
*���

��+��
���'���>��I����$ � 
:�*+� �+��
�� �)� ��$!���� ���%-+!�!����',�

5. (
�A:��>{�
�1�� C$+	������
$��)��(
�A:�1�'�(�����H$��	��(
�A:����
���'

�
����!������$%-09 �
I�%-09 ���-
��:�������9�(
�A:����
���' !����:���

��)'�!����:�����I�!�	��>��'����>�9��	������>J�����>{� �����������I�

��+��^N�1�� ��)I�-��������H$�+��	��1�	�C�9�� �
����1���+��>J�(:9�

���I� (�+�C�9
���-�)��(
�A:����
���') ��'��9���+��1�$ (����>���	���+�����C�+

�I,���'�C�+) %���
��������+� ���������
����%��>J�����+��>�� %���������

%-09 !�$� 

�,����������'�
: %� %�
$ !�$�� !�
:�

��������-.%��&/���� : �������L� �1���� Fe, Ca, %����I,��
�-�����-�

���*-.%�����: ��+1+���9�� 1+���$�� �>J���$��)I��
� ��+��(�� !$!)'��
� %*+%�
$���I%
9�!�


$ %*+�>�)��-�)�%�
$����+>�$^N� �-�)����� ����
������'�>�� ��+�,�C
+�
��
� ��+

����(����-���
��
� ��+����$
���-��
�� %*+�>J���
����!� ���%�&�
'�
����B�,�

�����I%-+��1�'����+��$��()'��$�������)'�C
+ �����������C$+
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���*-.%0�&�,����������'�
��2���
'� - ��+1+���9�� ��$�����)�$ ���
����'�>�� �
������1+���
�� �����1$����
�!�+>������

�:		����9�� �$�%-+���!�%��-+� 500 ��. 1:� 3 *�. �>J����� 3 �
� (��9�C$+!�$���9�

��>O�*���������L
�����

��! - �
�>N

���

"
���3�������
�� : *���+��	��,�%�&�
'������I���()'�$
����'�>�����C$+!�$�

�����&!��'������
�����&!��4�!)������
terpenic hydrocarbons, 3-hydroxy-2-butanone, 3-penten-2-ol, 2-butenyl acetate,

acetic acid, 3-hydroxy-2-butanone, 3-methyl-1-butanone, 2,3-butanediol, 3-methylbuta-

noic acid, (Z)-3-hexen-1-ol, 6-methyl-5-hepten-2-one, limonene, octanol, ethyl octanoate,

3-phenylpropanol, cinnamyl alcohol, alpha-copaene (Jordán, et al., 2003), 1-O-trans-

cinnamoyl-�-L-arabinofuranosyl-(1 ---> 6)-�-D-glucopyranose, 1-O-trans-cinnamoyl-�-

D-glucopyranose (Latza, et al., 1996), �-carotene, �-carotene, �-carotene, zeinoxan-

thin, lycopene, 5,6,5�,6�-diepoxy-�-carotene and 5,8-epoxy-3,3�,4-trihydroxy �-carotene,

Cis-�-carotene, 5,8-epoxy-zeinoxanthin, vitamin A, vitamin C (Padula and Rodriguez-

Amaya, 1986), (E)-cinnamoic acid, (Z)-3-hexenoic acid (Idstein, et al., 1985), polyphenol

(iso-strictinin) (Okuda, et al., 1980), 
����:9� carotenoids C$+��9 phytofluene, (all-E)-,

(9Z)-, (13Z)-, and (15Z)-beta-carotene, (all-E)-gamma-carotene, (all-E)-, (9Z)-, (13Z)-,

and (15Z)-lycopene, (all-E,3R)-beta-cryptoxanthin, (all-E,3R)-rubixanthin, (all-E,3S,5R,

8S)-cryptoflavin, (all-E,3R,3'R,6'R)-lutein, (all-E,3S,5R,6R,3'S,5'R,8'R)-, and (all-E,3S,5R,

6R,3'S,5'R,8'S)-neochrome (Mercadante, et al., 1999), pectinmethylesterase (PME)

(Maria da Silva Cerqueira Leite, et al., 2005)

��)'������>����� dietary fiber 1�'���9%�!�C�+*��$�9�� � (��9�&�
'��>J�!�C�+1�'%-+

dietary fiber %�>�����
����� (Candlish, et al., 1987)

	����������(��9�%��I,�&�
'�
$�� vitamin C ���9 80.1 mg/100 g ��9-�
�	��!9��

��������� freeze-dried 	�1,�%-+ vitamin C �$���-�)� 41.4% (Suntornsak, et al., 2002)

�����&!��4�!'������
(�
����:9� sesquiterpene hydrocarbon 	�� essential oil %�%�&�
'� (Smitth and

Siwatibau, 1975)

 guajavolide (2�,3�,6�,23-tetrahydroxyurs-12-en-28,20-�-olide), guavenoic acid

(2�,3�,6�,23-tetrahydroxyurs-12,20(30)-dien-28-oic acid), oleanolic acid (Begum, et al.,
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2002), 20�-acetoxy-2�,3�-dihydroxyurs-12-en-28-oic acid (guavanoic acid), 2�,3�-

dihydroxy-24-p-Z-coumaroyloxyurs-12-en-28-oic acid (guavacoumaric acid), 2�-hydroxy

ursolic acid, jacoumaric acid, isoneriucoumaric acid, asiatic acid, ilelatifol D and �-

sitosterol-3-O-�-D-glucopyranoside (Begum, et al., 2002), morin-3-O-�-L-lyxopyrano-

side, morin-3-O-�-L-arabopyranoside, flavonoids (guaijavarin ��� quercetin (��>1�' 1-2))

(Hidetoshi and Gen-ichi, 2002), guajavanoic acid, obtusinin, goreishic cid (Begum, et al.,
2002), pentacyclic triterpenoid guajanoic acid, �-sitosterol, uvaol, oleanolic acid, ursolic

acid and 1(3-�-p-E-coumaroyloxy-2-�-methoxyurs-12-en-28-oic acid (Begum, et al.,
2004)

    ��>1�' 1-2  ����
�+��1���������
��
,��
0 Quercetin

%������� essential oil 	��%�&�
'��$�%*+ GC-MS (�
�� caryophyllene (18.81%),

copaene (11.80%), [1aR-(1a�,4a�,7�,7a�,7b�)]-decahydro-1,1,7-trimethyl-4-methy-

lene-1H-cycloprop[e]azulene (10.27%) and eucalyptol (7.36%) (Li, et al., 1999)

�����&!��'����5(�����

��
�
$*
I� chloroform-methanol ������H$&�
'��� lipid ���9 9.1% ����� protein ���9

9.73% ����I,�-�
��-+� (Habib, 1986)

+�6�7������"�*0�&+�6�7����"��������
+�6�7�
����.�
�����&

��
�
$
9����)I� (pulp) ����>�)�� (peel) &�
'��� dietary fiber ���9 48.55-49.42% ���

�� polyphenol ���9 2.62-7.79%  
�� polyphenol %��>�)��&�
'��-+��I,�-�
� 1 g ��M1A�=�+��

��:�����
���$����1$
��$+�� free radical DPPH scavenging, ferric reducing antioxidant

power assay (FRAP) ��� inhibition of copper-catalyzed in vitro human low-density
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lipoprotein (LDL) oxidation  �$�!�1�'C$+���9��1����19��
����%*+ Trolox 43, 116 ��� 176 mg

����,�$
� (Jiménez-Escrig, et al., 2001)

%��������� total antioxidant ��� lipid (total cholesterol, triglycerides, LDL-

cholesterol ��� HDL-cholesterol ���!�+*��1�'�
�>��1��&�
'� 400 g/�
�  �$���9���������

����>J� 3 ��:9�C$+��9 baseline phase (1 

>$�-�), treatment phase (4 

>$�-�) ��� control

phase (4 

>$�-�)  ��+��
$�9� total antioxidant, glucose, lipid profile ��� antioxidant

enzymes %���)�$$+�����)'�� Cobas Mira auto analyzer (Roche)  -�
�	�����1$���(��9�

>����� total antioxidant, total cholesterol, triglycerlide ��� HDL-cholesterol ���!�+1�'�
�

>��1��&�
'��(�'���I���9�����
�
,��
0 (P<0.05) (Rahmat, et al., 2004)

%���������-� total phenolic %�
��
�
$&�
'�$+����A� Folin-Ciocalteu’s phenol

method ��+��,����-� gallic acid equivalent (GAE) (��9�
��
�
$*
I� ethanol ���*
I��I,���

total phenolic 575.3+/-15.5 ��� 511.6+/-6.2 mg of GAE/g ��M1A�=�+����:�����
����)'�

1$
��$+�� DPPH (Qian and Nihorimbere, 2004)

+�6�7�
��!����!���
��)'��,�
��
�
$%�&�
'�*
I� methanol 1�'
�
$$+����A� maceration  ��1$
��M1A�=�+��

����
��
�����+��>�$�$�%-+
��
�
$�
�

���1$���1��>�� (��9�
��
�
$��M1A�=�
��
I� paw

oedema 1�'B�� induced $+�� carrageenan %�-�������M1A�=�
��
I������>�$1�'B�� induced

$+�� acetic acid %�-�� mice 1�'������+��+� 50-200 mg/kg ���	����I-�
�	��%-+
��
�
$1��

>����9-��(��9�
��
�
$���$ 50-200 mg/kg ��M1A�=�$ transit time %��,�C
+-�������M1A�=

>{���
������1+���9��%�-�� mice 1�'B�� induced $+�� castor oil ���1
I��
����M1A�= CNS

depressant �$���� potentiating phenobarbitone sleeping time %�-�� mice (Olajide, et
al., 1999)

+�6�7�(��!���
���,��
��)'�1$���%-+
��
�
$%�&�
'�%���>��>L�����$ 500 mg �
�!�+>���1+���9�������(�
�

	,���� 50 �� 1:�� 8 *
'�����>J����� 3 �
� (��9�!�+>����������>�$1+���$�� (Xavier, et
al., 2002)


��
�
$*
I��I,�	��%�&�
'���M1A�= antidiarrhoeic %�-��1�'B��1,�%-+��$�*)I� enteropatho-

genic agent (Almeida, et al., 1995)

��)'�1$
��M1A�= antidiarrhoeal ���
��
�
$*
I��I,����%�&�
'�
$%�-��
��(
�A:�

Spragua-Dawley �I,�-�
� 200-250 ��
�  (��9�
��
�
$���$ 0.2 ml/kg 
����B�
��
I����

���)'���
�����,�C
+��H� (propulsion) C$+ 65% �*9��$����
����%*+ morphine sulphate �$���
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C�������M1A�=��	��)'����	������
��
I�����(�'�����
$-�
'��I,�  L�'��$�>�����+�	������-�
'�

�I,�%��,�C
+�(�'���I�%�!�+>���1+���9�� (Lutterodt, 1992)

��)'��,�
�� quercetin ��� quercetin-3-arabinoside 1�'
�
$	��%�&�
'�C>1$
���
��,�

C
+
9�� ileum ���-�����"�1�'B������:+�%-+-$�
�$+������
C^^{�  (��9�
��
�
$���'����M1A�=

�
��
I����-�
'� acetylcholine 1�'������+��+� 1.6 1 microgram/ml ��+���
�������M1A�=���

morphine (Lutterdt, et al., 1989)

%���������M1A�= antidiarrheal activity %��,�C
+
9�� ileum ���-�����"���� in vitro

(��9�
�� quercetin %�%�&�
'����M1A�=�
��
I����-$�
���� ileum ���-�����"�  �
��
I����

���)'��1�'����,�C
+��H����*9���$ permeability ��� abdominal capillaries L�'��>J���C�1�'*9��

�$�����1+���9�� (Zhang, et al., 2003)


��
�
$*
I� methanol ���%�&�
'����M1A�=�$>������:		���C$+ 33.55% 
9��
��
�
$

*
I��I,����M1A�=�$>������:		���C$+ 38.49%  ���(��9�
��
�
$1
I�
��*
I��
��
��
I� PGE2 %�

�,�C
+C$+L�'�	�
9�!�%-+����-��%��,�C
+�$�� (Lin, et al., 2002)

+�6�7�
�����8��,�� 9

��
�
$	��&�
'���M1A�=�+���*)I����1����� (Holeta, et al., 2002)  
��
�
$*
I� ethanol

���&�
'���M1A�=�+���*)I� enterobacteria 1�'�9�%-+���$���%��� (Cáceres, et al., 1993) C$+��9

Escherichia coli, Salmonella enteritidis, Salmonella typhi, Shigella dysenteriar ���

Shigella flexneri (Caceres, et al., 1990)


��
�
$*
I��I,����*
I� methanol ����>�)���+�&�
'���M1A�=�+���*)I� Bacillus subtilis,

Staphyllococcus aureus, Escherichia coli ��� Pseudomonas aeruginosa  �$����9� MIC

���
��
�
$*
I��I,��19��
� 1.69, 6.79, 13.05 ��� 13.06 mg/ml ����,�$
�  ����9� MIC ���


��
�
$*
I� methanol �19��
� 4.52, 9.03, 18.06 ��� 9.03 mg/ml ����,�$
�  ���	����I
��


�
$������+��+� 45 mg/ml �
�M1A�=�
��
I��*)I� Escherichia coli ��� Staphyllococcus aureus
1�'���C$+	�� urinary tract  ����*)I� Proteus vulgaris 1�'���C$+	����$�!�  �$����
+�!9��

������������ inhibition zone �����9� 15 mm (Abdelrahim, et al., 2002)

��)'�1$
��
��
�
$
9��%����
9���+�&�
'�1�'C$+	����A� decoction �
�����+���*)I�

Entamoeba histolytica (��9�
��
�
$	��
9��%����9� MIC �19��
� 62.5 μg/ml  ���
��
�
$

	��
9���+����9� MIC � 7.81 μg/ml (Tona, et al., 1998)

��)'��,�
��
�
$&�
'�$+���I,��+����1$
��M1A�=����
��
I� reverse transcriptase $+��

Moloney Murine Leukemia Virus reverse transcriptase (M-MuLV-RT) 1�' react $+�� 3H-

dTTP ����
$>����� radioactive $+�� scintillation counter (��9�
��
�
$���9� inhibitory

ratio (IR) �19��
� 61% (Suthienkul, et al., 1993)
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��
�
$*
I� ethanol ���*
I��I,����%��9��&�
'���M1A�=�+���*)I� Escherichia coli ���

Staphyllococcus aureus 1�'���C$+	����)I�>������:+�  �$����9� inhibition zone 13 mm

(Vieira, et al., 2001)

��)'��,�
��
�
$���!�&�
'�%� 80% methanol ���
��
�
$%�*
I��I,��+����1$
��M1A�=

�+���*)I��� Arthrinium sacchari M001 ��� Chaetomium funicola M002  �$�����
$�
+�!9��

���������1�'�*)I�
����B�	��0������C$+%���-�� PDA  (��9�1�'
��
�
$*
I� 80% methanol

������+��+� 1 mg/ml �*)I� Arthrinium sacchari M001 ��� Chaetomium funicola M002 ��

�
+�!9���������������	��0�������19��
� 3.2 ��� 5.4 cm  
9��1�'������+��+� 10 mg/ml C�9

(�����	��0����������*)I�  
9��
��
�
$%�*
I��I,�������+��+� 1 mg/ml �*)I� Arthrinium
sacchari M001 ��� Chaetomium funicola M002 ���
+�!9���������������	��0�������19��
�

3.8 ��� 6.1 cm 
9��1�'������+��+� 10 mg/ml C�9(�����	��0����������*)I� Arthrinium
sacchari M001 ��9�*)I� Chaetomium funicola M002 ���
+�!9���������������	��0�������19�

�
� 1.5 cm (Sato, et al., 2000)

��)'��,�
��
�
$	��
9���,��+�����>�)���+�&�
'���1$
��M1A�= antiplasmodial

activity $+����A� parasite lactate dehydrogenase (pLDH) assay method  L�'��>J���A��������-�

��� in vitro enzymatic method �()'�-�
��1�'�>J� antimalarial �$�%*+�*)I� Plasmodium
falciparum D10 1�'�>J� chloroquine-sensitive strain  (��9�
��
�
$��M1A�= antiplasmodial

activity ���9� IC50 ��-�9�� 10-20 �g/ml  ���	������������-�1�� phytochemistry (�
��

anthraquinones, flavonoids, seccoirridoids ��� terpenoids (Nundkumar and Ojewole,

2002)

�,�
��
�
$*
I��I,����%�&�
'���1$
��M1A�= anti-rotavirus activity �
� simian (SA-11)

��� human (HCR3) rotavirus  (��9�
��
�
$������+��+� 8 μg/ml ��M1A�=�
��
I���(��

simian (SA-11) rotavirus �>J��9� 93.8% ������9� maximum non-toxic concentration

(MNTC) �19��
� 8 μg/ml (Goncalves, et al., 2005)

�,�
��
�
$*
I��I,�%�&�
'���1$
��M1A�=�+���*)I�$+����A� plate count, disc inhibition

zone ��� turbidity techniques (��9�
��
�
$������+��+� 40 mg/ml �
��
I�����	��0������

����*)I� Staphyllococcus aureus ���9� inhibition zone �19��
� 8-10 mm  
��
�
$������+�

�+� 8 mg/ml C�9(�����	��0����������*)I� Staphyllococcus aureus �� agar ����
��
I����

�	��0����������*)I�$
���9��C$+
��������)'�1$
����� turbidity (Gnan and Demello, 1999)

���1$
��M1A�=����
��
I� strain ATCC 25923  ����*)I� Staphyllococcus aureus
$+����A� disc diffusion method  ���
��
�
$*
I��I,�	��%�&�
'� (��9�
��
�
$������+��+� 250,

500 ��� 750 μg/disc %-+�9� inhibition zone �19��
� 11, 13, 14 mm  
��
�
$*
I� methanol

���%�&�
'�1�'������+��+� 500, 750 ��� 1000 μg/disc %-+�9� inhibition zone �19��
� 9, 10,
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11 mm 
9��
��
�
$*
I� chloroform ���%�&�
'�1�'������+��+� 3000, 4000 ��� 5000 μ
g/disc %-+�9� inhibition zone �19��
� 9, 10, 12 mm (Jaiarj, et al., 1999)


��
�
$*
I� methanol ���%�&�
'���!��
��
I�����	��0����������*)I� Salmonella spp.,

Shigella spp. (S. flexneri, S. virchow ��� S. dysenteriae) ��� Escherichia coli �$����9�

inhibition zone � 10 mm (Lin, et al., 2002)


�� polyphenolic 1�'C$+	��%�&�
'���M1A�=�
��
I��*)I� Entamoeba histolytica ���9� MIC

�+����9� 10 �g/ml (Tona, et al., 2000)

 
�� morin-3-O-�-L-lyxopyranoside ��� morin-3-O-�-L-arabopyranoside 	��%�

&�
'�������+��+� 200 �g/ml 
����B�
��
I��*)I� Samonella enteritidis  ���1�'������+��+�

250 ��� 300 �g/ml 
����B�
��
I��*)I� Bacillus cereus C$+ ����,�$
� (Hidetoshi and Gen-

ichi, 2002)

�,�
��
�
$%�&�
'�C>1$
��M1A�=�+���*)I�$+����A� agar diffusion ��� dilution method


����B-��9�

$
9����-�9�� inhibition zone ���
��
�
$�9� inhibition zone ��� neomycin

200-500 μg/ml C$+$
���I  
��
�
$*
I��I,� (1 mg/ml) ���9�

$
9����-�9�� inhibition zone ���


��
�
$�9� inhibition zone ��� neomycin %��*)I� Staphyllococcus aureus, S. epidermis,

Bacillus subtilis, Klebsiella pneumoniae, Escherichia coli �>J� 0.52, 0.33, 0.26, 0, 0  ���

�,�$
�  
9��
��
�
$*
I� methanol (1 mg/ml) ���9�

$
9����-�9�� inhibition zone ���
��


�
$�9� inhibition zone ��� neomycin %��*)I� Staphyllococcus aureus, S. epidermis,

Bacillus subtilis, Klebsiella pneumoniae, Escherichia coli �>J� 1.20, 0.45, 0.28, 0, 0 ���

�,�$
� (Rabe and Staden, 1997)

�,�
��
�
$*
I� methanol ���%�&�
'���1$
������+���*)I�$+����A� paper disc agar

diffusion method (��9�
��
�
$
����B�+���*)I� Escherichia coli O157:H7 C$+

(Voravutthikulchai, et al., 2004)

+�6�7�(��!��;(�!�5�

�� Asiatic acid 	��%�&�
'����$ 10-500 μg/ml *9���$�����-$���H�����,�C
+
9��

jejunum 1�'���C$+	������9�� (Begum, et al., 2002)


�� quercetin 1�'
�
$	��%�&�
'���M1A�=�
��
I����-$�
�����,�C
+��H�1�'��������	��

-�����"� �$���C����-$�
���I����9�
�������+��+��������L��� (Morales, et al., 1994)


��
�
$%�&�
'�������+��+� 80 �g/ml ���M1A�=�
��
I� acetylcholine ���/-�)� KCl %�

�,�C
+-�����"�1�'���C�+%� organ bath (Tona, et al., 2000)
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+�6�7�(�8�����'�����(

��
�
$	��%�&�
'���M1A�=�$��$
��I,����%���)�$-�� ���M1A�=!9�� protein tyrosine

phosphatase1B (PTP1B)  �����M1A�= antidiabetic type 2  �$�����$	,���� lipid droplets

%��
�-��1�' treat $+�� butanol-solution fraction (Oh, et al., 2005)

�I,�&�
'����$ 1 g/kg 1�'%-+1�� i.p. ��9-�� mice 1,�%-+��$
��I,����%���)�$�$��C$+*
'�

������9������M1A�=�
���%-+!��+����9����%-+ chlorpropamide ��� metformin ���(��9��I,�

&�
'�
����B�$��$
��I,����%���)�$!�+>������-��������
�
�
��1�'��
:�"�($�C$+ (Cheng

and Yang, 1983)

�,�
��
�
$%�&�
'�%�*
I��I,���1$
������$��$
��I,���� (hypoglycemic) %�-��

alloxan-induced diabetic rat �$�%-+1��>��1
I���� acute ��� sub-acute test  (��9�
��


�
$���$ 250 mg/kg 
����B�$��$
��I,����C$+��9�����
�
,��
0 (Mukhtar, et al., 2004)

+�6�7�
��!��!���*��6.� (antimutagenic)
	�����1$
��
��
�
$*
I��I,����&�
'�(��9���M1A�= inactivate mutagenicity %�

Salmonella typhimurium 1�'B��1,�%-+���$�������(
�A:�$+����A� direct-acting mutagens �$�%*+

4-nitro-O-phenylenediamine, sodium azide, ��� S9-dependent mutagen (2-aminofluo-

rene) �>J� mutagen  ���(��9�
��
�
$�
���%-+M1A�=�*9��$����+	�!9����� autoclave �>J�

���� 15 ��1� (Grover and Bala, 1993)

+�6�7�,�*+��!���!���-������;�
��)'��,�
��
�
$ non-polar fraction 1�'C$+	��
��
�
$*
I� methanol ���%�&�
'��-+���

1$���%-+�
�-�� mice 1��*9��1+��  (��9�
��
�
$���$ 3.3 ��� 6.6 mg/kg 
����B�
��
I�

exploratory activity C$+90%  �$��� onset time 6-8 ��1�  ����
�
����B�
��
I�������)'��C-�

��� spontaneous locomotor activity C$+ (Lutterodt and Maleque, 1988)

+�6�7�!����!�� neuromuscular junction

�� quercetin 	��&�
'�*9���$���>�$>�9�� acetylcholine (Ach) L�'��>J�C>C$+�9��>J�

!���	�� interaction �
� presynaptic calcium channel (Re, et al., 1999)

+�6�7�
��!���� (Anticough)

��
�
$*
I��I,����%�&�
'�������+��+� 2 ��� 5 g/kg 1�'%-+1��>����9-�����-�����"�

1�'C$+�
� capsaicin aerosol  (��9�
����B*9���$����B�'������C�C$+ 35 ��� 54% ���

�,�$
� (P<0.01) "��%� 10 ��1�-�
�	��%-+
��
�
$ ��9!�1�'C$+�+����9����%-+
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dextromethorphan 3 mg/kg L�'�
����B�$����B�'������C�C$+B�� 78% (P<0.01) (Jaiarj, et
al., 1999)

+�6�7�,� central nervous system

��
�
$*
I� hexane, ethyl acetate ��� methanol ���%�&�
'�1�'������+��+� 20, 100,

500 ��� 1250 mg/kg ���M1A�=�+��������	H�>�$1�'���$	��
����������:�-"����$�����+��

����	H�>�$�>J���� dose-dependent (Shaheen, et al., 2000)
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����� 2
�����,����.��*� �-�������� ����-�� ���(. 0�&�.�!�%�

�����,����.��*�
%������	
���
I���IC$+��H��
���9��()*�)�%�&�
'� (Psidium guajava ���� Myrtaceae)  2


��(
�A:��)� 
��(
�A:�()I���)�� ���
��(
�A:�����$��� �$���H�	���,��"�-�$%-09 	
�-�
$


���� C$+�,���'�1�'
��������1,��>J�(�(�A"
�#�()*�-+� (Herbarium, No. PG47001) ���C$+1,�

������	
������
���� (Identification) �$��>�����1����
����1��

�;����1���
��
���9��


�:�C(�����;�����"����*��"

*��1 ����"

*(M����
��� �-���1���
�
���������1��

��>1�' 2-1  �
����!����&�
'�(
�A:�()I���)�� (L+��) ���&�
'�(
�A:�����$��� (���)

�-��������
1. UV/Vis Spectrophotometer (Spectronic

®
)

2. HPLC (Millennium Water
®
)

3. HPLC-MS (Water
®
)

4. Rotary Evaporator (Eyela
®
)

5. Hot Air Oven (Memmert
®
)

6. Vacumm Oven (Hauser
®
)

7. Centrifugal Evaporator (Speed Vac
®
)

8. Microplate Reader (Bio-TEK
®
)

9. Balance (Shimadzu
®
)

10. Fraction Collector (Retriever II
®
)

11. Hot Plate

12. Sonicator (Crest
®
)
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13. Dryer (National
®
)

����-��
1. 95% Ethanol (Merck

®
)

2. Absolute Ethanol (Merck
®
)

3. Methanol AR grade (Labscan
®
)

4. Ethyl acetate (Merck
®
)

5. Chloroform (Merck
®
)

6. n-Hexane

7. Acetone

8. Distilled water

9. DI-water

10. DPPH (1,1-diphenyl-2-picrylhydrazyl) (Sigma
®
)

11. Folin-Ciocalteu’s phenol reagent (Merck
®
)

12. Silica gel 60 for column chromatography (Merck
®
)

13. Conc. HCl (Merck
®
)

14. Phosphoric acid (Merck
®
)

15. Reference Standard Quercetin (more than 98%) (Merck
®
)

16. Avicel
®
 PH101

17. Aerosil
®

Note  :  solvent 1�'C�9���:����
1	,�-�9���>J� commercial grade 	��+����
'��9���,���%*+

���(. 0�&�.�!�%�
1. Beaker 

2. Test tube                   

3. Erlenmyer flask 

4. Pear-shape Flask

5. Volumetric flask 

6. 96-well microplate   

7. TLC tank

8. TLC-plate (Silica gel GF254, Merck
®
)

9. Vial 

10. ���$������ #4

11. Stirring rod
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12. Foil

13. Pipette 

14. Multi-channel pipette & Tip

15. Micropipette & Tip

16. Cylinder

17. Forcep

18. Cotton

19. Sand

20. Evaporating dish     

21. Dropper

22. Glass Column
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����� 3
�&�������6�!����4��

���������
��
�
$ ���!���"
�#�	��
��
�
$���%�&�
'��()'�%*+
,�-�
����!���

����
I�

�>J���A����-��'�������
�+��1����)��%�����,�
�:�C(�C>%*+>����*��%-+���1�'
:$ L�'����%*+%�

&�
'��()'�������I��

����
I�	�%*+�>J�
���(�'�"����:+��
�%-+�
�

��� 1,�%-+

����$���������$1�'���9���

�
� L�'�	�
9�!�%�����$�
������������

��� �$�
��1�'*9���(�'�"����+��1���)� quercetin L�'�

�>J�
����:9� Flavonoids ��M1A�=�>J� antioxidant L�'����(
/��
�:�C(��()'��,�C>%*+��I	,��>J�1�'	�

�+��1,��������:��:�"�(�*9��$����
� �()'�1�'	�C$+1����9�%���9����
I�1�'�,�C>%*+�
I�	�C$+


�:�C(�1�'��>�����
��1�'�+������
I��19��
�1:���
I� ���	��+��-����:���!���"
�#��()'�1�'	�C$+�9�

���B���������
����
��
,��
01�'���9%�!���"
�#��
I�

�����	
���
I���I�>J����������
��
�
$ ���!���"
�#�	��
��
�
$%�&�
'� (
/����A��������-�


��
,��
0���
��
�
$%�&�
'� ���$	����-��������
����
��
�
$ ���!���"
�#�	��
��
�
$

%�&�
'�L�'�>�����C>$+���
I���� ������������$ $
���I

1. ������
��
�
$	��%�&�
'� 2 
��(
�A:� �$�1,����������
��
�
$%�&�
'��$�%*+ 50%

ethanol in DI-water �>J��
�1,������ ���1,�%-+�-+��$�%*+���)'�� Vacuum Dry �$�C�9%*+

�����+��

2. (
/����A��������-�-�>�����
��
,��
0 Quercetin %�
��
�
$%�&�
'�$+�����)'�� HPLC

(High Performance Liquid Chromatography) �$�-� HPLC Chromatographic

Condition 1�'
����B���
��
,��
0 Quercetin %�
��
�
$%�&�
'�

3. ������	
������B���+�������A��������-� (Analytical Method Validation) 
�� Quecetin

%�
��
�
$%�&�
'�

4. (
/����A��������-�-�>�����
��
,��
0%�
��
�
$%�&�
'�$+�� HPLC %-+�>J� Stability-

Indicating Assay (SIA)

5. �,�
��
�
$%�&�
'�1
I�
��
��(
�A:���-�>�����
��
,��
0 ���M1A�=%�����>J�
���+��

���L��$*
� �$�%*+��A� DPPH-scavenging Assay

6. �,�
��
�
$%�&�
'�
��(
�A:�1�'��>�����
��
,��
0
�� �����M1A�=%�����>J�
���+��

���L��$*
� C>1$
���������
����
��
�
$�$�%*+�
� �����+�� ����*)I� �����>J�

��$ – $9�� �����)'���H�%�
"�����9� (�,�C>��H�C�+%�1�'���:�-"��� 45, 60 ��� 70 
o
C
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����*)I�

�(
1A� 75% �>J����� 0, 7, 15, 30, 45, 60, 75, 90, 105 ��� 120 �
� ���

�,�$
�) �()'�-����:���
��
�
$

5. �,�
��
�
$%�&�
'�(
�A:�1�'�
$��)����+� ��1,�����������>J�!���"
�#�	��
��
�
$%�&�
'�

�$��������
��1�'�-���
���C>�()'�%-+C$+!���"
�#�1�'����>�
����$� ������
�$��%����

�������>J���-�� ������������
�$���I�

6. �,�!���"
�#�1�'C$+	�����������%��+� 5 ��-�>�����
��
,��
0 ���M1A�=%�����>J�
��

�+�����L��$*
��$�%*+��A� DPPH-scavenging Assay

7. ������������
����!���"
�#�
��
�
$%�&�
'�%�
"����9�� � �*9� ���%-+�����+��1�'

�:�-"��� 100 
o
C �>J����� 3, 5 ��� 10 ��1� (�������������������-��
,�-�
�

���)

���%�
"�����9� (�,�C>��H�C�+%�1�'���:�-"��� 45, 60 ��� 70 
o
C ����*)I�

�(
1A� 75%

�>J����� 0, 7, 15, 30, 45, 60, 75, 90, 105 ��� 120 �
� ����,�$
�) �()'�%*+%����

�,�-�$���:���
��!���"
�#�

��6�!���(���

1. ���������
��
�
$%�&�
'�

1.1 ��H�%�&�
'� 2 
��(
�A:��)�(
�A:�()I���)�� ���(
�A:�����$��� �,����+��%-+
���$$+���I,� 3 

��
I�	���
I��,�C>!�'���%-+�-+� ��+��,���+���+�� ��1�'�:�-"���>����� 40-45 
o
C �>J�����

>����� 24 *
'����

1.2 �,�%�&�
'�1�'�-+�$���+�C>1,�����$%-+�>J�!�-���

1.3 �,�!�%�&�
'�1�'C$+1
I�
��
��(
�A:�C>1,����-�
� -�)��*9%��
�1,��������� 50% ethanol 

in DI-water �$������
�1,������%-+19��!����%�&�
'� �>J����� 3 �
�

1.4 ��)'�����,�-�$%-+�,�C>����!9�����$������ ������!�%�&�
'��,���
�C>-�
�LI,�$+��

�
�1,������*��$�$����� 3 ��
I�

1.5 �,�
�������1�'����C$+	���+� 1.4 C>���-�$+����A�����$����$
� (rotary evaporation, 

40 �C, 120 mbar) (��������-�%-+�
�1,���������C>%-+���1�'
:$ 	���
I��,�C>1,�%-+

�-+�%��
I����
:$1+��$+�����)'�� centrifugal evaporation (SpeedVac
®
) -�)����)'�� 

vacuum oven 1�'�:�-"���-+���()'��>�����1����
����1�����"�(���
��
�
$1�'C$+

1.6 *
'�
��
�
$1�'C$+�,�C>�,����-� %yield ��)'��1����
��I,�-�
����%�&�
'����'��+�

1.7 ���
��
�
$1�'C$+1
I�-�$���	:%�"�*���
��
�1�'>?$
��1 *
'��I,�-�
� ���-� %yield ���


��
�
$1�'C$+ ��+��,�C>��H��
���C�+%���+�
�������*)I� �()'�1,����1$����9�C>
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2. ���(
/����A��������-�-�>�����
��
,��
0 Quercetin

��)'��	��%�&�
'��
�C�9���+��,�-�$�>J� monograph %� Thai Herbal Pharmacopoiea

(THP) $
��
I�!�+��	
�	��C$+1,����(
/����A��������-�-�>�����
��
,��
0 quercetin 1�'�����9%�
��


�
$%�&�
'���I����$�%��
I�����>J����-���>������������)'��1�'���
��
,��
0C>���!9� thin-

layer chromatography (TLC-pattern) �����)��%*+ HPLC �>J����)'���)�%�����������-��(����>J�

1�'����%�>N		:�
� �>J���A�1�'
����B(
/���9�C>�>J� Stability-Indicating Assay (SIA) C$+ ���	��

��I ��A� HPLC �
��>J���A�1�'�>J�1�'����
��9�������B���+����9��,�%�����������-�-�>�����
��
,��
0

%��
�B:$������"

*"
�#� �$���A�����������-���IC$+(
/����	����A��������-�
��
,��
0 Quercetin

1�'�����9%�
��
�
$%��>����� (Stricher, 1993) �
I����%����(
/����A��������-���$
��9�C>��I

2.1  ���	
��������)'��1�'���
��
,��
01�'�����9%�
��
�
$%�&�
'�1
I�
��
��(
�A:�

�,�
��
�
$%�&�
'�1�'������C$+	���+� 1.7 ��1,����-���>������������)'��1�'���
��


,��
0%�
��
�
$�!9� thin-layer chromatography (TLC-pattern) *��$1�'�>J� SiO2 �$�%*+ mobile

phase �)� ethyl acetate - n-hexane %��
���
9�� 3:7 ��� 3:2 ����,�$
� ������	�
$	�%*+���


9��"��%�+�
� UV ���%*+ spraying reagent �)� 50% sulphuric acid in ethanol ��+��,�C>%-+

�����+��1�' 120 
o
C $�����>��'���>�����
� �����$(9�$+�� DPPH-reagent ��+�

�������

�>��'���>��1�'���$��I�

2.2 ���-� HPLC Chromatographic Condition 1�'
����B���
��
,��
0 quercetin %�
��


�
$%�&�
'�

2.2.1 ������ stock solution ��� standard quercetin

*
'� standard quercetin ��9��B���+����9��,��� 3.0 mg. %
9��C>%� volumetric

flask ���$ 10 ml. >�
�>������$+�� methanol (������+��+��19��
� 0.3 mg/ml)

2.2.2 ������ working solution 	�� 2.2.1

pipet 
��	�� 2.2.1 �� 500 �l. $+�� autopipet ��+�>�
�>������%-+��� 2.0 ml.

$+�� methanol (������+��+��19��
� 0.075 mg/ml)

2.2.3 ������ stock solution ���
��
�
$%�&�
'�

*
'�
��
�
$%�&�
'���9��B���+����9��,� 200.0 mg. %
9��C>%� volumetric flask

���$ 10 ml. >�
�>������$+�� methanol

2.2.4 ������ working solution 	�� 2.2.3

%*+
��1�'������C$+	���+� 2.2.3 �>J� working solution 
,�-�
�%*+��$ HPLC

2.2.5 ��$ working solution 	�� 2.2.3 ��� 2.2.4
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��$
���������+�
�9 HPLC system �$�%*+ Chromatographic condition $
���I

HPLC Column :  Apollo C-18 4.6mm x 150mm, 5 micron

Mobile Phase :  MeOH – 0.1% aq. phosphoric acid %��
���
9���9�� �

Flow Rate :  1.0, 1.2, 1.4, 1.5 ��� 2.0  ml/min

Detection :  255 nm

Injection Volume :  10 μl

Temperature :  ambient

�,� chromatogram 1�'C$+�����>�����1����
���� ��������� peak �9�� � ��������

��>���������$�$��)���)'��
� (PDA-curve) �()'��
$��)�� peak ���
��
,��
0 Quercetin %�

��)'��C�1�'�-���
�%����1,���	
�%�-
��+��9�C>

3.  ������	
������B���+�������A��������-� (Analytical Method Validation) ��� quercetin %�


��
�
$%�&�
'�

3.1 ������	
������B���+�� (Accuracy) �����A��������-�����������-�

3.1.1 ��������� Reference Standard Stock Solution ��� quercetin

1. *
'�
������;���+����� quercetin 3.0 mg. ��9��B���+����9��,�9%� volumetric

flask ���$ 10 ml.

2. ���� ���>�
�>������$+�� methanol (������+��+� 0.3 mg/ml)

3.1.2 ��������� Reference Standard Solution

1. >?�>� Reference Standard Stock Solution 	���+� 3.1.1 �� 1.0, 0.5, 0.25,

0.125, 0.1 ��� 0.05 ml. ��%� volumetric flask ���$ 10 ml.

2. ���� ���>�
�>������$+�� methanol (	�C$+������+��+� 0.03, 0.015, 0.0075,

0.00325, 0.003 ��� 0.0015 mg/ml ����,�$
�)

3.1.3 ��������� Sample Quercetin Solution

1. *
'�
������;��1�'1����I,�-�
���9������ quercetin >����� 7.0 mg. ��%�

volumetric flask ���$ 100 ml.

2. ���� ���>�
�>������$+�� methanol (������+��+� 0.07 mg/ml)

3. >?�>�
�������	���+� 2 �� 1500 ��� 800 �l. ��+�>�
�>������%-+��� 2000

�l. (C$+������+��+� 0.0525 ��� 0.028 mg/ml ����,�$
�)



19

4. �,����-��9��I,�-�
�1�'�1+	������
�� �$�1�' Quercetin ���9� %purity = 98%

(�9� Actual Conc. ��� Quercetin)

3.1.4 �����$
���������+����)'�� HPLC

��$
���������+�
�9 HPLC system �$�%*+ Chromatographic condition $
���I

HPLC Column :  Apollo C-18 4.6mm x 150mm, 5 micron

Mobile Phase :  MeOH – 0.1% aq. phosphoric acid (50:50)

Flow Rate :  1.2  ml/min

Detection :  255 nm

Injection Volume :  10 μl

Temperature :  ambient

�
�1�� chromatogram �,��9�1�'C$+C>�,����-��I,�-�
����
��
,��
0 quercetin (C$+

�9� Observed Conc. ��� Quercetin)

3.1.5 ����,����

        �,��9�1�'C$+	�������$ HPLC ���,����-��9��9�� � $
���I

Observed Conc. ��� Quercetin

Actual Conc. ��� Quercetin

% Recovery = (Observed Concentration / Actual Concentration) x 100

3.2 ������	
�������1�'����� (Precision) �����A��������-�

3.2.1 ��������� Reference Standard Stock Solution ��� quercetin

1. *
'�
������;���+����� quercetin 3.0 mg. ��9��B���+����9��,�9%� volumetric

flask ���$ 10 ml.

2. ���� ���>�
�>������$+�� methanol (������+��+� 0.3 mg/ml)

3.2.2 ��������� Reference Standard Solution
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1. >?�>� Reference Standard Stock Solution 	���+� 3.2.1 �� 1.0, 0.5, 0.25,

0.125, 0.1 ��� 0.05 ml. ��%� volumetric flask ���$ 10 ml.

2. ���� ���>�
�>������$+�� methanol (	�C$+������+��+� 0.03, 0.015, 0.0075,

0.00325, 0.003 ��� 0.0015 mg/ml ����,�$
�)

3.2.4 �����$
���������+����)'�� HPLC

��$
���������+�
�9 HPLC system 2 ��
I� �$�%-+-9���
� 1 �
� �����$������+��+�

�� 3 ��
I� �$�%*+ Chromatographic condition $
���I

HPLC Column :  Apollo C-18 4.6mm x 150mm, 5 micron

Mobile Phase :  MeOH – 0.1% aq. phosphoric acid (50:50)

Flow Rate :  1.2  ml/min

Detection :  255 nm

Injection Volume :  10 μl

Temperature :  ambient

�
�1�� chromatogram  �,��9�1�'C$+C>�,����-��I,�-�
����
��
,��
0 quercetin

��������$ HPLC 1
I�
���
� ��+��,��9�1�'C$+ (Observed Conc. ��� Quercetin) ��-��9�

�����1�'����������A��������-� ���-��9� % Relative Standard Deviation (%RSD)

3.2.5 ����,����

        �,��9�1�'C$+	�������$ HPLC ���,����-��9��9�� � $
���I

Observed Conc. ��� Quercetin

Actual Conc. ��� Quercetin

% Recovery = (Observed Concentration / Actual Concentration) x 100

% RSD = [SD / Mean] x 100

3.3 ������	
������	,��(���	��	� (Specificity) �����A��������-�

3.3.1 ��������� Reference Standard Stock Solution ��� quercetin

1. *
'�
������;���+����� quercetin 3.0 mg. ��9��B���+����9��,�9%� volumetric

flask ���$ 10 ml.

2. ���� ���>�
�>������$+�� methanol (������+��+� 0.3 mg/ml)

3.3.2 ��������� Reference Standard Solution
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1. >?�>� Reference Standard Stock Solution 	���+� 3.3.1 �� 0.1 ml. ��%�

volumetric flask ���$ 10 ml.

2. ���� ���>�
�>������$+�� methanol (	�C$+������+��+� 0.003 mg/ml)

3.3.3 ��������� Sample Solution 	�� Aerosil

1. *
'� Aerosil ��9��B���+����9��,��� 500 mg. %
9�� volumetric flask ���$ 10.0

ml.

2. ���� ���>�
�>������%-+���$+�� methanol

3.3.4 �����$
���������+����)'�� HPLC

��$
���������+�
�9 HPLC system �$�%*+ Chromatographic condition $
���I

HPLC Column :  Apollo C-18 4.6mm x 150mm, 5 micron

Mobile Phase :  MeOH – 0.1% aq. phosphoric acid (50:50)

Flow Rate :  1.2  ml/min

Detection :  255 nm

Injection Volume :  10 μl

Temperature :  ambient

�
�1�� chromatogram  �,�!�1�'C$+C>�������-� ���
�:> ����	,��(���	��	�

(Specificity) �����A��������-�

4.  ���-�>�����
��
,��
0 Quercetin ������
����
����
��
,��
0%�
��
�
$%�&�
'�

4.1 ���	$��
����1
'�C>1�����"�( (Physical Appearance) ���
��
�
$%�&�
'�1
I�
��
��

(
�A:� �$����	$��
�������
��
�
$ �$�$�	��
� ���'� ����
����!��� �
�1���+����

4.2 ����������-�-�>����� Quercetin %�
��
�
$

4.2.1 ��������� Reference Standard Stock Solution ��� quercetin

1. *
'�
������;���+����� quercetin 3.0 mg. ��9��B���+����9��,�9%� volumetric

flask ���$ 10 ml.

2. ���� ���>�
�>������$+�� methanol (������+��+� 0.3 mg/ml)

4.2.2 ��������� Reference Standard Solution



22

1. >?�>� Reference Standard Stock Solution 	���+� 4.2.1 �� 1.0, 0.5, 0.25,

0.125, 0.1 ��� 0.05 ml. ��%� volumetric flask ���$ 10 ml.

2. ���� ���>�
�>������$+�� methanol (	�C$+������+��+� 0.03, 0.015, 0.0075,

0.00325, 0.003 ��� 0.0015 mg/ml ����,�$
�)

4.2.3 ��������� Sample Solution 	��
��
�
$%�&�
'� (1,� 3 LI,�)

1. *
'�
��
�
$%�&�
'���9��B���+����9��,��� 200 mg. %
9��%���$�+�������$

125 ml.

2. ���� methanol 20 ml. ����I,���
'� 20 ml. �,�C> sonicated �>J����� 5 ��1�

3. ���� ���>�
�>������%-+���$+�� methanol

4.2.4 �����$
���������+����)'�� HPLC

��$
���������+�
�9 HPLC system �$�%*+ Chromatographic condition $
���I

HPLC Column :  Apollo C-18 4.6mm x 150mm, 5 micron

Mobile Phase :  MeOH – 0.1% aq. phosphoric acid (50:50)

Flow Rate :  1.2  ml/min

Detection :  255 nm

Injection Volume :  10 μl

Temperature :  ambient

�
�1�� chromatogram  �,��9�1�'C$+C>�,����-�>��������
��
,��
0 Quercetin

4.3 ����������-�-�>����� Quercetin %�
��
�
$1�'
����
�C>%�
"����9�� �

4.3.1  ����������-� chromatogram ���
��
�
$%�&�
'�1�'B����9�%-+
����
�$+���
�

1. *
'�
��
�
$%�&�
'���9��B���+����9��,� 1.0 ��
� %
%� beaker ���$ 100 ml.

2. �,�C>���%-+B���
�"��%�+���C^
9��
�9�����$ 100 watt. �>J����� 24 *
'����



��������>��'��
� -�)��
�������
��
�
$

3. B9��
��
�
$��%� 9volumetric flask ���$ 50 ml.

4. ���� ���>�
�>������$+�� methanol (������+��+� 20 mg/ml)

5. �,�C>�������-�-�>�����
��
,��
0 quercetin $+�� HPLC ����+� 4.2.4

4.3.2  ����������-� chromatogram ���
��
�
$%�&�
'�1�'B����9�%-+
����
�$+�������+��
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1. *
'�
��
�
$%�&�
'���9��B���+����9��,� 1.0 ��
� %
%� beaker ���$ 100 ml.

2. %-+�����+��>����� 100 
o
C �$��,�C>����� water bath �>J����� 3 *
'����



��������>��'��
� -�)��
�������
��
�
$

3. B9��
��
�
$��%� volumetric flask ���$ 50 ml.

4. ���� ���>�
�>������$+�� methanol (������+��+� 20 mg/ml)

5. �,�C>�������-�-�>�����
��
,��
0 quercetin $+�� HPLC ����+� 4.2.4

4.3.3  ����������-� chromatogram ���
��
�
$%�&�
'�1�'B����9�%-+
����
�$+������*)I�

1. *
'�
��
�
$%�&�
'���9��B���+����9��,� 1.0 ��
� %
%� beaker ���$ 100 ml.

2. �,�C>���%� desiccator 1�'1,�%-+��'��
�$+��C��I,� (����*)I�

�(
1A� 75%) �>J�

���� 24 *
'���� 

��������>��'��
� -�)��
�������
��
�
$

3. B9��
��
�
$��%� volumetric flask ���$ 50 ml.

4. ���� ���>�
�>������$+�� methanol (������+��+� 20 mg/ml)

5. �,�C>�������-�-�>�����
��
,��
0 quercetin $+�� HPLC ����+� 4.2.4

4.3.4  ����������-� chromatogram ���
��
�
$%�&�
'�1�'B����9�%-+
����
�$+����$

1. *
'�
��
�
$%�&�
'���9��B���+����9��,� 1.0 ��
� %
%� beaker ���$ 100 ml.

2. ������$ HCl ������+��+� 0.1 M ��C> 5 ml. ���9�%-+��+��
� �
I�1�I�C�+ 3 *
'����

%���+��
� 

��������>��'��
� -�)��
�������
��
�
$

3. B9��
��
�
$��%� 9volumetric flask ���$ 50 ml.

4. ���� ���>�
�>������$+�� methanol (������+��+� 20 mg/ml)

5. �,�C>�������-�-�>�����
��
,��
0 quercetin $+�� HPLC ����+� 4.2.4

4.3.5  ����������-� chromatogram ���
��
�
$%�&�
'�1�'B����9�%-+
����
�$+��$9��

1. *
'�
��
�
$%�&�
'���9��B���+����9��,� 1.0 ��
� %
%� beaker ���$ 100 ml.

2. ����$9�� NaOH ������+��+� 0.1 M ��C> 5 ml. ���9�%-+��+��
� �
I�1�I�C�+ 3 *
'�

��� 

��������>��'��
� -�)��
�������
��
�
$

3. B9��
��
�
$��%� 9volumetric flask ���$ 50 ml.

4. ���� ���>�
�>������$+�� methanol (������+��+� 20 mg/ml)

5. �,�C>�������-�-�>�����
��
,��
0 quercetin $+�� HPLC ����+� 4.2.4
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5 1$
��M1A�=%�����>J�
���+�����L��$*
��$���A� DPPH ���
��
�
$%�&�
'�1
I�
��
��(
�A:�

(Yamasaki,  et. al., 1994.)

5.1  ������
�����������;�� Reference Standard Stock Solution ��� DPPH

1. *
'�
������;���+����� quercetin 2.0 mg. ��9��B���+����9��,�9%� volumetric

flask ���$ 100.0 ml.

2. ���� ���>�
�>������$+�� methanol (������+��+� 2 �g./ml.)

5.2  ��������� Reference Standard Solution ��� DPPH

1. >?�>� Reference Standard Stock Solution 	���+� 5.1 �� 1.0, 0.8, 0.6,  0.4,

0.2, 0.1 ��� 0.05 ml.   

2. ���� ���>�
�>������$+�� methanol %-+��� 2.0 ml. (	�C$+������+��+� 1.0,

0.8, 0.6, 0.4, 0.2, 0.1 ��� 0.05 �g./ml. ����,�$
�)

5.3  ��������� Sample Stock Solution

1. *
'�
��
�
$%�&�
'�-�
� 200.0 mg. ��9��B���+����9��,���%� volumetric flask

���$ 100.0 ml.

2. ���� ���>�
�>������$+�� methanol (������+��+� 2000 �g./ml.)

5.4  ��������� Sample Solution

1. >?�>�
�������	���+� 5.3 (2)  �� 1.0 ml. ��%� volumetric flask ���$ 10.0

ml.

2. ���� ���>�
�>������$+�� methanol %-+��� 10.0 ml. (������+��+� 200��
g./ml.)

3. >?�>�
�������	���+� 2 �� 1000, 500, 200 ��� 100 �l.

4. ���� ���>�
�>������$+�� methanol %-+��� 2.0 ml. (������+��+� 100, 50, 20

��� 10 �g./ml. ����,�$
�)

5.4  ��A�����
$-��9� DPPH-radical scavenger

1. >?�>�
�������1�'�+������
$�9��� 500 �l. ����
���������� 6 X 10
-5 

M

DPPH solution ��C> 500 �l.

2. 1�I�C�+%-+���$>O��������>J����� 20 ��1�1�'�:�-"���-+��
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3. �,�C>�
$�9����$�$��)���)'��
�1�'���������)'� 520 nm.

4. �,��9�1�'C$+C>�,����-��9�����
����B%�����>J�
���+�����L��$*
� (EC50)

���
��
�
$%�&�
'� �$�%*+
������;�� quercetin ��� BHT �>J� positive

control

6. ���������������
����
��
�
$%�&�
'�

�
$��)��
��
�
$%�&�
'�
��(
�A:�1�'��>�����
��
,��
0 Quercetin 
�� �����M1A�=%�����>J�


���+�����L��$*
�1�'$��()'���1,����������������
����
��
�
$ �$���A�����������$
��9�C>��I

6.1 ���-�>�����
��
,��
0 quercetin

�
$��)��
��
�
$%�&�
'�
��(
�A:�1�'��>�����
��
,��
0 Quercetin 
�� �����M1A�=%�����>J�


���+�����L��$*
�1�'$��()'���1,����������������
����
��
�
$ �$���A�����������$
��9�C>��I

6.1.1 �,�
��
�
$%�&�
'�1�'������C$+C>��H�%�"�*��>?$
��1 �,�C>C�+%�
B��1�'1�'��

�:�-"��� 45, 60 ��� 70 
o
C ���������*)I�

�(
1A� 75% �>J����� 15, 30, 45, 60,

75, 90, 105 ��� 120 �
�

6.1.2 ��������� Reference Standard Stock Solution ��� quercetin

1. *
'�
������;���+����� quercetin 3.0 mg. ��9��B���+����9��,�9%� volumetric 

flask ���$ 10 ml.

2. ���� ���>�
�>������$+�� methanol (������+��+� 0.3 mg/ml)

6.1.3 ��������� Reference Standard Solution

1. >?�>� Reference Standard Stock Solution 	���+� 6.1.2 �� 1.0, 0.5, 0.25,

0.125, 0.1 ��� 0.05 ml. ��%� volumetric flask ���$ 10 ml.

2. ���� ���>�
�>������$+�� methanol (	�C$+������+��+� 0.03, 0.015, 0.0075,

0.00325, 0.003 ��� 0.0015 mg/ml ����,�$
�)

6.1.4 ��������� Sample Solution 	��
��
�
$%�&�
'�	���+� 6.1.1 �$�
:9��
���9����1,�

���1$��� (1,� 3 LI,�) $
���I

1. *
'�
��
�
$%�&�
'���9��B���+����9��,��� 200 mg. %
9��%���$�+�������$

125 ml.

2. ���� methanol 20 ml. ����I,���
'� 20 ml. �,�C> sonicated �>J����� 5 ��1�

4. ���� conc. HCl ��C> 4.0 ml. ���9�%-+��+��
� �,�C> reflux �>J����� 1 *
'����

5. 1�I�C�+%-+��H���+��,�
��1�'C$+ B9����%� volumetric flask ���$ 50.0 ml.

6. ���� ���>�
�>������%-+���$+�� methanol
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6.1.5 �����$
���������+����)'�� HPLC

��$
���������+�
�9 HPLC system �$�%*+ Chromatographic condition $
���I

HPLC Column :  Apollo C-18 4.6mm x 150mm, 5 micron

Mobile Phase :  MeOH – 0.1% aq. phosphoric acid (50:50)

Flow Rate :  1.2  ml/min

Detection :  255 nm

Injection Volume :  10 μl

Temperature :  ambient

�
�1�� chromatogram �,��9�1�'C$+C>�,����-�>�����
��
,��
0 Quercetin 1�'�����9�� �

��+��,����,����-����:���
��
�
$%�&�
'�

6.2 1$
��M1A�=%�����>J�
���+�����L��$*
��$���A� DPPH ���
��
�
$%�&�
'�

6.2.1.  ������
�����������;�� Reference Standard Stock Solution ��� DPPH

1. *
'�
������;���+����� quercetin 2.0 mg. ��9��B���+����9��,�9%� volumetric

flask ���$ 100.0 ml.

2. ���� ���>�
�>������$+�� methanol (������+��+� 2 �g./ml.)

6.2.2  ��������� Reference Standard Solution ��� DPPH

1. >?�>� Reference Standard Stock Solution 	���+� 6.2.1 �� 1.0, 0.8, 0.6,

0.4, 0.2, 0.1 ��� 0.05 ml.   

2. ���� ���>�
�>������$+�� methanol %-+��� 2.0 ml. (	�C$+������+��+� 1.0,

0.8, 0.6, 0.4, 0.2, 0.1 ��� 0.05 �g./ml. ����,�$
�)

6.2.3  ��������� Sample Stock Solution

1. *
'�
��
�
$%�&�
'�-�
� 200.0 mg. ��9��B���+����9��,���%� volumetric flask

���$ 100.0 ml.

2. ���� ���>�
�>������$+�� methanol (������+��+� 2000 �g./ml.)
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6.2.4  ��������� Sample Solution

1. >?�>�
�������	���+� 2 �� 1.0 ml. ��%� volumetric flask ���$ 10.0 ml.

2. ���� ���>�
�>������$+�� methanol %-+��� 10.0 ml. (������+��+� 200 �
g./ml.)

3. >?�>�
�������	���+� 2 �� 1000, 500, 200 ��� 100 �l.

4. ���� ���>�
�>������$+�� methanol %-+��� 2.0 ml. (������+��+� 100, 50, 20

��� 10 �g./ml. ����,�$
�)

6.2.4  ��A�����
$-��9� DPPH-radical scavenger

1. >?�>�
�������1�'�+������
$�9��� 500 �l. ����
���������� 6 X 10
-5 

M

DPPH solution ��C> 500 �l.

2. 1�I�C�+%-+���$>O��������>J����� 20 ��1�1�'�:�-"���-+��

3. �,�C>�
$�9����$�$��)���)'��
�1�'���������)'� 520 nm.

7. ���������
��
�
$%�&�
'�%-+�>J�!���"
�#�1�'�-���
�
,�-�
�

���

��)'��	��
��
�
$%�&�
'�1�'C$+���
����C�9$��)�$�$����*)I���H�1,�%-+���I��-�� ���-�)$ L�'�

C�9�-���
�%�����,�C>%*+ $
��
I�!�+��	
�	��C$+(
/��
��
�
$%�&�
'�$
���9��%-+�>J�!���"
�#�1�'

�-���
�
,�-�
�������I��

��� �*9� �>J�!��-+� C�9$�$����*)I���9����$��H� ����()'�����
�$��

%�����,�C>%*+ �>J��+� �$���A����(
/�� 	��>J��������
��$�$����*)I�
��
�
$���1,�%-+�-+� 2

*��$�)� Aerosil
®
 ��� Avicel

®
 PH101 L�'�	�������C>%��
���
9��C�9���� 7 ��� 32% w/w ���

�,�$
� ��+�

����$��
�������!���"
�#�	��
��
�
$%�&�
'�1�'������C$+1
�1� �����)'����1�I�C�+�>J�

����>����� 1 �$)��

8. ���������������
����!���"
�#�	��
��
�
$%�&�
'�

�
$��)��!���"
�#�1�'C$+	���+� 7 1�'���
����$� �>J�!��9�� 1��9�����*)I�%��������)'�

���1�I�C�+ 1 �$)�� �,��������-��������
� ������:���!���"
�#� ���M1A�=%�����>J�
���+��

���L��$*
� �$��,�!���"
�#����
��
�
$%�&�
'�1�'�
$��)����+�C>��H�%�"�*��>?$
��1 ��+��,�C>

1,����1$���$
��9�C>��I
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8.1 ���-�>�����
��
,��
0 quercetin

���-�>�����
��
,��
0%�!���"
�#�	��
��
�
$%�&�
'�	�1,����1$��� 2 ��A�����)�

1. �,�!���"
�#�C>!9�������+��
��>����� 100 
o
C �>J����� 3, 5 ��� 10 ��1� ���

�,�$
�

2. �,�C>��H�C�+%�
B��1�'1�'���:�-"��� 45, 60 ��� 70 
o
C ���������*)I�

�(
1A� 75%

�>J����� 15, 30, 45, 60, 75, 90, 105 ��� 120 �
� ����,�$
�

�,��
���9��1�'!9���������%��+� 1 ��� 2 ���������-�-�>�����
��
,��
0 Quercetin 1�'

�����9!���"
�#�
��
�
$%�&�
'� ����+�1�' 8.1.1 – 8.1.4

8.1.1 ��������� Reference Standard Stock Solution ��� quercetin

1. *
'�
������;���+����� quercetin 3.0 mg. ��9��B���+����9��,�9%� volumetric

flask ���$ 10 ml.

2. ���� ���>�
�>������$+�� methanol (������+��+� 0.3 mg/ml)

8.1.2 ��������� Reference Standard Solution

1. >?�>� Reference Standard Stock Solution 	���+� 8.1.1 �� 1.0, 0.5, 0.25,

0.125, 0.1 ��� 0.05 ml. ��%� volumetric flask ���$ 10 ml.

2. ���� ���>�
�>������$+�� methanol (	�C$+������+��+� 0.03, 0.015, 0.0075,

0.00325, 0.003 ��� 0.0015 mg/ml ����,�$
�)

8.1.3 ��������� Sample Solution 	��!���"
�#�1�'C$+	��
��
�
$%�&�
'�1�'�
$��)��C$+

	���+� 7 �$�
:9��
���9����1,����1$��� (1,� 3 LI,�) $
���I

1. *
'�
��
�
$%�&�
'���9��B���+����9��,��� 200 mg. %
9��%���$�+�������$

125 ml.

2. ���� methanol 20 ml. ����I,���
'� 20 ml. �,�C> sonicated �>J����� 5 ��1�

4. ���� conc. HCl ��C> 4.0 ml. ���9�%-+��+��
� �,�C> reflux �>J����� 1 *
'����

5. 1�I�C�+%-+��H���+��,�
��1�'C$+ B9����%� volumetric flask ���$ 50.0 ml.

6. ���� ���>�
�>������%-+���$+�� methanol
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8.1.4 �����$
���������+����)'�� HPLC

��$
���������+�
�9 HPLC system �$�%*+ Chromatographic condition $
���I

HPLC Column :  Apollo C-18 4.6mm x 150mm, 5 micron

Mobile Phase :  MeOH – 0.1% aq. phosphoric acid (50:50)

Flow Rate :  1.2  ml/min

Detection :  255 nm

Injection Volume :  10 μl

Temperature :  ambient

�
�1�� chromatogram �,��9�1�'�
$C$+C>�,����-�>�����
��
,��
0 Quercetin �

�����9�� � ��+��,����,����-��������
� ������:���!���"
�#�
��
�
$%�&�
'�

8.2 1$
��M1A�=%�����>J�
���+�����L��$*
��$���A� DPPH ���!���"
�#�
��
�
$%�&�
'�

8.2.1.  ������
�����������;�� Reference Standard Stock Solution ��� DPPH

1. *
'�
������;���+����� quercetin 2.0 mg. ��9��B���+����9��,�9%� volumetric

flask ���$ 100.0 ml.

2. ���� ���>�
�>������$+�� methanol (������+��+� 2 �g./ml.)

8.2.2  ��������� Reference Standard Solution ��� DPPH

1. >?�>� Reference Standard Stock Solution 	���+� 8.1 �� 1.0, 0.8, 0.6,  0.4,

0.2, 0.1 ��� 0.05 ml.   

2. ���� ���>�
�>������$+�� methanol %-+��� 2.0 ml. (	�C$+������+��+� 1.0,

0.8, 0.6, 0.4, 0.2, 0.1 ��� 0.05 �g./ml. ����,�$
�)

8.2.3  ��������� Sample Stock Solution

1. *
'�
��
�
$%�&�
'�-�
� 200.0 mg. ��9��B���+����9��,���%� volumetric flask

���$ 100.0 ml.

2. ���� ���>�
�>������$+�� methanol (������+��+� 2000 �g./ml.)


