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���� -���+���
 9.5% ����3A� �����	�����
���� -�
�+���	�����
����� ��
��	�����
�����$��+�"��$�/�����3� $����,"���$��� "��$�/1���1B�
��3� $���6	��C�- �	�+�����' ��+���
 4.21±0.05% 3.50±0.02 ��(�
����. �	2.21±0.03 
��$A���
 �+� L* a* �	 b* ��+���
 0.08±0.01 0.01±0.01 �	 0.05±0.01 ��$A���
 "��$�/
�����$����-���	� 	 ����
�+��"4�C"��$��/0.$���I���$*�C��1����	������#��/�*1 
��	�����
���� -����$'?3� 10.0% �$?6��A�$�(5�7��J��	��6� $�	�$�����������	�����
���� -�
����,"�

 �?���	�����
���� -�1��� 20 �$' �	��	�����
���� -���6"KL��-�����?6��"KL� 3 ������ 
�
�+���	�����
���� -���6"KL� 3 ������ ����'-������+����	�����
���� -��+��3A� ��+���
 1:10 ��6
�*/ J,$� 60 ��(�������� �"4���� 30 ���� �"4��J��	� $�	�$��6�*���������� �$?6��A�� -
�1-$1-��-�����?6���A�� -�1-$1-�����'-C��3A��

�*&&���(��6�*/ J,$� 70 ��(�������� ����	��6�
$�"��$�/1���1B���3� $���6	��C�-��+���
 40 ��(�
����. �	�A�� -� -��-�����?6���A�� -��


�*&&���(��6�*/ J,$� 70 ��(�������� ����	��6���	�����
���$�"��$�/���$'?3���+���
 11.75% 
�	� -�����,���6�*���+���
 37.83±1.17% ����3A� �������������+����������	�����
�1-$1-� 
��������3���������	�����
��������� -�+����$��$��P�����	������6�*� � -�+����$ ����+�
1��������� �	"��$�/���$'?3�$��+���+���
 0.02±0.03 �./10$. 0.83±0.01 �./$. �	 
11.75±0.15% ��$A���
 �+�"��$�/�����C��������3� $� "��$�/���"�	��
RS����3� $� 
�	����-����*$,����	�������,"1���+� EC50 (Efficient Concentration, BHT �"4����
$���I��) ��+���
 183.57±0.84 $�./100�. ��	�����
���� -�,  31.08±0.38    $�.1���������/�.
1��������� �	 25.98±1.41 C$������$1���������/$.1�����	������������6$�-�
��$A���
 ���������	�����
������$?6���B
���7���6�*/ J,$� 25 ��(�������� �"4���� 9 ��?�� �	
$��+�"��$�/���$'?3� "��$�/���"�	��
RS����3� $� �	�+� EC50 ����+���
 11.23±0.06% 
12.39±0.44 $�.�������/�.������� �	 35.15±1.22 C$������$�������/$.1�����	��
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�*&&���( �	� -�,"�+����6$���7/	$� �?3�����+��1-������
 �	$�1�����*J���B���+� ���
������	�����
�������6�A�� -��-�����?6���A�� -��

�	� ��� -���6�,"�+��$���7/	�$ �	�"4�
� �6�$ �$?6���B
���7����������	�����
�������6�*/ J,$� 25 ��(�������� ��� 9 ��?�� �������
��	�����
�������6�+������A�� -��-�����?6���A�� -��

�*&&���( $���7/	������-������*J��
��6�"4��,��*� �+��� -���������	�����
����� $�"��$�/���$'?3���+���
 11.98±0.58% �56�$����+�
��+��$�����A���&����P��� (p<0.05) �"���
����
��
�+�"��$�/���$'?3�1�����������	�����
�����
��6�+������A�� -��-�����?6���A�� -��

�	� ��� -� ��6$�"��$�/���$'?3���+���
 9.01± 0.23% ���
������	�����
���������(5�7���3 $����$�"4�C"C�-������A�C""�	�*��.�'-�"4��+����$�� ����6
� -�*/�$
����-����*$,����	����	
�������������	�����
����+�C" 
 �������������+��	�����
���  ��6�'-������+��1�������	�����
����+��3A���+���
 
1:5 �	�	�����6�'-������56�J����-���$�����+���
 10 ����  �	�'-��������$ ��6�	��
���$
�1-$1-� 0.3% �"4����� -���$����� �
�+������	�����
�����6���������?6�������.$�. �	
C�-��
�	����2�6����$'�
���*/��7/	�-���� ��6� �	��7/	"���c ��+���
 3.70±0.42  
3.50±0.71 �	 3.50±0.52 ��$A���
 ������"��
"�*���'����	���"�	�$���*/J�����"�	���
��$���1�������	�����
��� �
�+������	�����
�����6$��+����$�?3�I��"�	��
�-�� �������+ 
��	�����
��� 73.5% ����'�3Rd� 3.0% �	��	����$ 3.0% �	�A����"��
"�*���'��� �-���+����$
1����?� 1.43% �3A������� 14.96% �	�3A��-$���', 4.10% �"4��+����$�������� �	C�-��

�	����2�6����$'�
���*/��7/	�-�����$ �?� ���$�"4���?3��������� ��6� ��'��� �	���
��$��
�����$ �,���6�*� $��+��	����2�6� ��+���
 7.23±1.29 7.07±1.29 6.67±1.37  6.83±1.44 �	 
7.20±1.40 ��$A���
  �$?6��A����J�/0.�����	�����
���
���*1����-�e������B�� �	���
��	�����
���
���*P*������$�-���,� $��A����f+��'?3��*������.�-�����?6��f+��'?3��

 steam water 
spray automated batch �
�+� �	�	���������A�� -�����	�����
��� ����3����'���
���*J�/0. 
$��*/ J,$����6$153�����	��6���+���
�*/ J,$�1�����?6��f+��'?3� 101 ��(�������� (come up time) 
�"4���� 10 ���� �	�A��"4��-���'-��������f+��'?3� (processing time) ��� 26 �	 13 ���� 
��?6�� -�*��-��'-���6�*�1�������	�����
���
���*��1����-�e������B�� �	P*������$�-��
�,� $��*/ J,$� ��+���
 85 ��(�������� ��� 10 ���� ��$A���
 ���J�/0.�����	�����
�����3���
1����-�e������B�� �	P*������$�-���,���6C�- $��*/J������*������.�"4�C"��$1-��A� ��
$���I�����J�/0.�*��� ���$��� �	 �� ����J�'�	
���*��6"p����� �	J�� ��������
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���C��.�
�+������	�����
���
���*1����-�e������B�� �	�����	�����
���
���*P*���
���$�-���,��	� -�+�"��$�/1���1B���3� $���6	��C�- �+�����' �	�+��� L* a* b* ��6��-��������
���$��+���+���
 31.50±0.02 �	 30.50±0.06 ��(�
����., 2.50±0.02 �	 2.59±0.02, 5.33±0.10 
�	 5.17±0.12, 15.34±0.10 �	 14.93±0.11, 6.35±0.26 �	 6.32±0.19 ��$A���
 ��������3���
�
�+������	�����
���
���*��1����-�e������B�� $��*/�$
�������-����*$,����	��6�6A���+� 
�����	�����
���
���*��P*������$�-���,� ��������	�����
�����1����-�e������B�� �	

���*��P*������$�-���,� $��+�"��$�/���"�	��
RS����3� $���+���
  0.90±0.15 �	 
2.01±0.36 $�./�. �+� EC50 ��+���
 3,123.32±4.50 �	2,502.80±5.60 C$������$/$. ��$A���
 
�$?6�"�	�$���-��*�������1�����J�/0.�����	�����
���
���*��1����-�e������B�� 1���
���$�* 200 �. �	
���*��P*������$�-���,�1������$�* 85 �. �
�+�$��+���+���
 13.33 
��/
1�� �	 18.73 
��/P*� ��$A���
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ABSTRACT 
 

 Fresh roselle (Hibiscus sabdariffa Linn.) calyces were used for dried roselle 
production, giving 9.5% yield by weight, base on the dry weight of dried roselle calyces and fresh 
ones. Fresh calyces had the total acidity (as malic acid) of 4.21±0.05%, the total soluble solids of  
3.50±0.02 zbrix and pH of 2.21±0.03, respectively. The  L*, a*and b* values were 0.08±0.01, 
0.01±0.01 and 0.05±0.01, respectively. Also, the chemical residues and heavy metals were less 
than those of the minimum levels for Standard of Thai Herbals as specified by the Ministry of 
Public Health. The studies of the optimum conditions for dried roselle extraction, using dried 
calyces with 10% moisture content, were conducted. Dried calyces were prepared into the 20 
mesh particulate form and the form of a coarse powder by pulverizing with a blender for 3 
seconds. The selected optimum conditions for dried roselle water extraction were the coarse 
powder blending for 3 seconds form, the 1:10 ratio of dried roselle calyces to water, the extraction 
temperature at 60zC for 30 minutes. The extract were then concentrated in a steam jacket vacuum 
evaporated at 70zC until the concentrated extract reached the total soluble solids of 40zbrix. The 
concentrated extracts were subsequently dehydrated using a vacuum dryer at 70zC to obtain 
11.75% moisture content providing 37.0±1.17% yield by weight, based on the dried weights of 
the dried roselle extract and the concentrated one. In addition, dried roselle extract had the 
greatest in solubility property of 0.02±0.03g/10ml, the bulk density of 0.83±0.01 g/ml and the 
moisture content of 11.75±0.15%, respectively. Furthermore, the extract also had the total 
anthocyanin content of 183.57±0.84 mg/100g dried roselle, the total phenolic content of 
31.08±0.38mg extract/g as gallic acid and the antioxidant activity expressed as EC50 (Efficient 
Concentration using BHT as a standard) of 25.98±1.41µg extract/ml initial extract solution, 
respectively. After 9 months storage, roselle extract contained the moisture content of 
11.23±0.03%, the total phenolic content of 12.39±0.44 mg/g gallic acid and the EC50 of 
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35.15±1.22µg extract/ml initial extract solution. The microstructures of the extracts obtained from 
the vacuum  and freeze drying, with both 20 mesh form and coarse powder blending for 3 seconds 
form, were examined. The microstructures of the vacuum dried extracts revealed a circular and 
smooth surface with particle size less than those of freeze dried extracts. While the freeze dried 
ones showed a sharp shape. After 9 months storage, the micrographs of vacuum dried extracts 
appeared  porous structures on the surface. As a result, the extracts had significantly greater in the 
moisture content (11.98±0.58%) as compared to that (9.01±0.23%) of freeze dried extracts. The 
extracts obtained from this study can be possibly applied for antioxidative food ingredients in 
further roselle sauce making process. It was found that roselle puree making from the colloidal 
mill provided the greatest percieved liking scores from sensory evaluation. The average perceived 
scores evaluated from the color, flavour and appearance characteristics were 3.70±0.42, 
3.50±0.71 and 3.50±0.52, respectively. The results from the development of product formulation 
along with the product sensory evaluation showed that roselle sauce consisted of the regular 
ingredients including 73.5% roselle puree, 3.0% chilli and 3.0% garlic in combination with the 
additional recipe containing 1.43% table salt, 14.96% sugar and 4.10% vinegar (5% acetic acid) 
had the greatest percieved liking scores in evaluating all product�s characteristics. The average 
percieved scores evaluated from the  viscosity, consistency, odor, flavour and the overall 
acceptability attributes were 7.23±1.29, 7.07±1.29, 6.67±1.37, 6.83±1.44 and 7.20±1.40, 
respectively. The studies of roselle sauce pasteurization processes were also performed. Roselle 
sauces filled in lug cap 200 ml glass containers and 85 g pouches were pasteurized with a steam 
water spray automated batch retort at the operating temperature of 101zC, 10 minutes come up 
time and required processing time of 26 and 13 minutes to maintain the internal coldest 
temperature point of roselle sauce products in each hermetic sealed glass and pouch containers at 
85zC for 10 minutes. The microbial counts of products met the minimum microbial quality 
requirements as notified in �The Industrial Standard of Sauce Product� and �Food Filled in 
Hermetic Sealed Container� by the Ministry of Public Health. The sauces in glass containers and 
pouches also had the total soluble solids of 31.50±0.02 and 30.50±0.06zbrix, the pH of 2.50±0.02 
and 2.59±0.02, the L* values of 5.33±0.10 and 5.17±0.12, the a* values of 15.34±0.10 and 
14.93±0.11, the b* values of 6.35±0.26 and 6.32±0.19, respectively. In addition, roselle sauces in 
lug cap glass containers had less antioxidant activities than those of sauces in pouches. Roselle 
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sauces in glass containers and pouches had the total phenolic contents of 0.90±0.15 and 2.01±0.36 
mg/g gallic acid, the EC50 of 3,123.32±4.50 and 2,502.80±5.60µg/ml of initial sauce extract 
solution, respectively. The production costs of roselle sauces in 200g  glass container and 85g 
pouch were estimated at 13.33 baths/bottle and 18.73 baths/pouch, respectively. 
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