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������ ����	 +*
++ kg, �� +*./ kg��

�� ���� pH	 /./�0.,�� ��	 /.1��
�� �
���	���� +*������ 3���� �!��
��"	#���������$% ,/�� &	� '
(
)*+,-.� /.012 +*�� 3.045267 /��
#��8 2/�� 
��9:� �;< 	#����$%�
�=>= *./�� *./�� *..�?$�� @�ABC7��
�	 +�� .��D�EF� 1GH�$� IJ ,2�K
,����L�E
�� ��"	��� +�,�KM���
+�.	 -����NO +�.	 1������POQRS�
,TU���V�W�C7���#�KX��YOZA�
 K�[%\��]^_�!O�`�� a�D���"
bc=�d2ef�	� *..,
+.*/����	 *.1,��
�
�� ��	g� #��[%Eh�!� ���$%
�?��D	� C7�&i$�F)h�]^_'K *

0��()$�� j�*k�lK+=%m�K 1*
2*�
,W�-n$� o���.p$�� q/�]^cr
�� 0�� 12���?m�Ks3$� m��4FD	
tm$�� uF�� ,./v����l /-*
.*�< ���
K5w$� c �q/�]^$�� .v���C7��
�x��6b$%F�7��89y:K;<$�� a=
	z{�q/K=|�!�� ;<$�89y:	� 89
y:�}>� 2~���}?@K�A$� a��IB�
#�?&	K�=>= -�()* +�t�� �CA��
�-�5��$������� ��� +/�)O��� m
���� 0��� �*�B����� 3�Dj�Zm
kKEF%m�K 0*�,W�(�$� ���� +F�

+./F()* ,FW���K�Y$��
��	 +F� +./F()* ,F]^�� -�K 1GH

�$� NO 1�	�G��?�#7��HIOJ��E
F�� ���������HIO	 1+.+
12./�� ��
	 1/./���O� ,F]^���	 +F]^)O���
�4F����
�� j�� ���������#7�
�HIO	 /,
/0���
�� �(� q/�]^J��
�?m�K� +��$��

,� �����
C7���KBB��	� .v� /A, B, C, D, � +�
�<� �YOL�E
���v����	 3 cm,��M
N�)O��K�AYO� 3��O BP#�l�+

��¡¢�+=%£Q$�� u�C7�J¤7K¥R
$� STUV¦ /M. biceps femoris, BF<� ST§V¦
/M. quadriceps femoris, QF<� WXY¦ /M. semimem-

branosus, SM< ()*WZY¦ /M. semitendinosus,

ST< � .¦�7¨ /� ,��< � ��K�Y$� /Tol-

drá? Flores +332<� BC7'7�© ª	���KB
B�«[c=�F)h�¬­��.p®�¦�7¨KY
Ob$%©¥$� �� +* g� 3*��O BP#�lK
t�%�¯°$��a= K +*\±²L�)
%��³
�KBB���´E$��
�]B ª	µ²�^L��_¶·`ab /¸¹°º�
�;� c .*�< KEF� ad	 -1�� .2DUE�
��
e0 ª	MRS·`ab /OXOID, Hampshire, Eng-

land< KEF%�]B ª?�Y�µ²�^L�EF�
-1�� 1,DUad$�� �]B ª()*e0 ª	

Fig. +. Temperature and humidity during ripening of dry-cured ham.
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�MERCK, Darmstadt, Germany� ���� �����
!�� -1"# ,.�$���	� ��

%&�'()
��*)���� �BBL, Cockeysville, MD, USA� ���
� �����!�� �+# 1,+*�$���	�

-� ������
���� / g��� ./��-.� ! "#/�01
23�	� 45� +1,***6g, *"# -*#$7$#%��
&'8( No. /C#89�	� 8:
 pH� );*+� <
=>?,���-%@AB�,�.������	�
pH��.
/0#1C5	8:�2�DE�3 -�4
�� pHF*G* �HM-/S� &H� &I� #�.�	�
);*+��.
/0#1C5	8:�);*+�.
��DE�3 +-�4�� JCKLM�� � -��);
 #56�	);F*G* �TM-,/� 789N� &I� �
��� �+#�.�	�  #O,��.
:,;���
��3 , g�<:�� +,/"#P,�QR�#-=S>
�	�
 #T?��.
 ROTRONIC@�Basserdorf, Switzer-

land� AW-aU���� 45� ,*"�P+��A5� +
+VW.XR�#BC�	���
#D��3 +* g��
YEF��GH�	Z�#� ,,- g�I�[\*]�A
5� W.XR +/,,*#���.�	�
HJ�K��.
� ���� / g�=L .*��-.�
/�0123�	�� +**��F)^_)`� -*��=
L�Ma�b�N.	� 45� *./N �c1�def
 O: /�� +,�P�Hg /��-.�hQ�� 2*"�
P+ R# ,*#$-=�	���+���.S�	�4
5�&'8( No. /C#89�	Z��i:��	� �
T
)�^jk�@A?O:�1^>�l>]m0@A
mO:����UV�� /.* nm�no+��.��HJ
�K�WX�	�
<=>?,���-%@AB�,��.
� /0#1
C5	8: .��Y,� .� TCAO:�Zp�� -1"�
P+ R# -*#BC�	�89�	� 4�8:� ,�
TCAqO?r#�<=>?,���-%@AB�,�
�.���	� <=>?,��.�
�*d*����
!�� [\]^�
s@�tAm���	�
-%@AB���.
<=>?,�.���	 ,�

TCAqO?r#� ,*_ �����	� 4� ���
3 -** m��I�>u*t�A5� #D
�`#o�v�
�&I�@AB�#D[)&f �New2***[d*3���
�� �_f
 AA pak LiwU���	� @AB�[\Zp
O:
aobT�v� �
c� �@AB�[\Zp: �AN

U��� BU� ���	�
.� 	
��
���)_2x*#yz + mm���� `{{	��

�|d} +*2e�~�d)����	� f��g
V
5� h�� i� ji� kpf���� /l�f�#!a	
�/ : 
N����,+ : 
N����Q���

/� 
���
mc{no?^���<=>?,�-%@AB�,�
'*G*
��p�[\qr#s�� ��g$�t�r
i.
� Duncan’s multiple-range test���� /����
��u�t���	�

�������

+� �����������
	�fsv�w	]

� +x�/�yz�$���
�rVQKa	�#� +x� +./x��� ,xyz���
,+`�{
p�{2p�|�	 �s +�� 
�	�
�{

p
 /.06+*, cfu�cm,#Ja	V� ���� -*���
	
 *�}�p#J�� ~������R��
QKa
	� ���
�{
p
 +.26+*, cfu�cm,#Ja	V�

�	�
�������� -*���	
 *#Ja	�
45C���
`�k*���� ��?� V����G
_*�&)�YKC� �QZ�
 Bacillus, Micrococcus

��������.z5	� Bacillus
����V��
Q������z��	���� Micrococcus
S>�
��n��;*+����Z	 XR4�V�C5��
R� �	� 45C��
Y¡"Q��¢�#����R
�#� S>�yz"��fsv����	4�V£.C
5	�
�fsv�
���
�¤5Z¥?#Ja	V� 45
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);�sv�S>��R	M� "
��#
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��������	 Cordero� Zumalacárregui 
,***�
�
���������������� Micrococ-

caseae ����� ��� 0*� � Staphylococcus,

,/��Micrococcus�!�"#$����%�&'$
��	 Hernández� Huerta 
+33-� �(��� ����
�)�
�*+��� +*.,+*0 cfu�g, 	-�� +*-,+*/

cfu�g, Bacillus� +*- cfu�g�
.�/0'� 12�3�
+*- cfu�g�� +.45�� +** cfu�g�67879�:;
<���%='�	 9�� Rodrıÿguez� 
+33.� �(�
�� >?@A���BC�DEF��� 
GH +*2 cfu�
g� *I� 
GH +*. cfu�g� ����JK<��� L�M
:;'� I��� ./*N� ���� 1**N��� *��
O� ��P�Q
���� Staphylococcus xylosus�
RS���&'$��	 ��������������
���TU�='�(�� Micrococcaceae �Q�R
O� DEMV��:;'$WX *����YZ���	
I����[�\�$�]^�_ BF, QF, SM, ST�

.4`�\�$a�� L�bc%� ,�='�	 ���
de�f�� +�ghij��DEVk�(�l�m�
�n� )�
�[o(p	-�[�W�q! *�RS
�	 -**gr��='$��s��� ��'�tu7v
� +,+*w�xyz7�{|���}~�� xyz7�
��*��!��Q����Micrococcus�R���
Bacillussm���	 ��������������'
$������� �����'$���YZ���	 1
2�3����s��'��S�(��� I��o�$

s���RS�	
���
��I������ Pediococcus, Lactobacil-

lus, Streptococcus, Enterobacteriaceae, Staphylococ-

cus, Micrococcus, Bacillus����������&�
R�
Bartholomew�Blumer +311�	 Chizzolini�
+33-�
������I��
�[�GH� +*/,+*0 cfu�g�
RS��� �������� +*,,+*. cfu�g�r���
�&'$��	 ����'�TU�o��I��
�[
����;�������S�	 ����
��JK�
������%����������'� ������
p%�
�����BC�DE������ �����
�
����
�����
��� �s���S��
YZ���	

,� ������
���
���]^�_ .4` BF, QF, SMo(p

ST�¡�¢%� -�='�	 pH£� +�o(p +./�
DE�s�� /.3� ,�DE��¤n��r�O /.1,/.2

�RS�	 TU����¥�^� pH�� ¦§M +N�
� /./,0.,�
.�RO� 0.*gh�s�s¨�S�	
'�'� +,,�M�����W�q! 0.*gr��S
�	 pH�H� DFD^%���
���\�$�� Guer-

rero� 
+333� �(��� ©��ª� «7¬­®�s¯
ª� L'$�°'*<����!��&��$��	 9
�� Newton� Gill 
+32+� �(��� ¥�^� pH� 0.,

%�Z�s���
��
±�²��+9'ª����
&'$��	 '�'� ���¥�^�¦§ +N��³´

Table +. Bacterial counts on the surface of dry-cured ham

Place Common bacteria Lactic acid bacteria Coliform group

A

B

C

D

*,,40µ+*,

*,/4,µ+*,

*,-41µ+*,

*,/40µ+*,

*,.4.µ+*

*,+42µ+*,

*,+4-µ+*,

*,¶-*

ND

ND

ND

ND

n·,+, unit ; cfu /cm,, ND ; not detect4

Place Mold & yeast

A

B

C

D

*,.42µ+*

*,/40µ+*

*,+4-µ+*,

*,-40µ+*,

n·,+, unit ; cfu /cm,.
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Table ,. Bacterial counts in the inside of dry-cured ham

Muscle Common bacteria Lactic acid bacteria Coliform group

BF

QF

SM

ST

*��-**

*��-**

*��-**

*��-**

*��-**

*��-**

*��-**

*��-**

ND

ND

ND

ND

n�,+, unit ; cfu/g, ND ; not detect.

Table -. Physico-chemical parameters of dry-cured ham

Muscle pH NaCl (�) Moisture (�) Aw NO,
� (ppm)

BF

QF

SM

ST

/43�*4+a

/43�*4+a

/43�*4+a

/43�*4+a

240�+4/a

24/�+4.a

143�+4.a

143�+40a

0+41�+42b

0*41�+42ab

/34*�-4/a

/34,�+4-ab

*421�*4*-a

*421�*4*-a

*421�*4*-a

*421�*4*-a

*4+�*4+ab

*4,�*4*a

*4,�*4+a

*4+�*4*a

Sample : + year, n : 1, Average�SD4

Muscle pH NaCl (�) Moisture (�) Aw NO,
� (ppm)

BF

QF

SM

ST

/43�*4,a

/43�*4+a

/43�*4+a

/42�*4+a

34/�+4,a

34/�+4+a

34-�+4*a

240�+40a

/342�-4+a

/24-�,4.a

/04/�-4,a

/04+�,40a

*42.�*4*-a

*42.�*4*-a

*42/�*4*-a

*42.�*4*-a

*4-�*4,a

*4,�*4,a

*4-�*4,a

*4,�*4-a

Sample : +4/ years, n : 1, Average�SD4

Muscle pH NaCl (�) Moisture (�) Aw NO,
� (ppm)

BF

QF

SM

ST

/42�*4,a

/42�*4,a

/41�*4+a

/41�*4+a

34/�+4/a

340�+42a

243�,4.a

240�,4-a

/241�-4/c

/142�-4+bc

/-42�.40ab

/+41�.4/a

*42.�*4*,a

*42.�*4*-a

*42-�*4*-a

*42.�*4*-a

*4+�*4,a

*4-�*4-a

*4,�*4+a

*4+�*4+a

Sample : , years, n : 1, Average�SD.

Mean values in the same row with di#erent superscript were significantly di#erent (P�*.*/).
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�/�
����
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9(�	�� �:
������E��;K
9(/;<
(@�����
�:L�=���� �=�>M�� 0�0����
�
����J
9(/N�E���
� OPQRS�
� T�!"� /./�0��������U�V����W
(E�� X?��Y@Z�!"������ 01+*��
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���� [/\��U
���:�� ���A�J]�
2^_`ab�B?��(��@�/X?�c5�� !
"`dPePf�g� ,�0;�h����
� ijk
l!"���H��U
X?������� 0��,

/� -��h�J
( C� mE�	�nopRqr
sPtP/D�� ,5�u5�?��(�+E���

)Andrés� ,**.*�
EFvG� +� !�� /3.,�10+.1�� +./� !

�� /0.+1/3.2�� ,� !�� /+.11/2.1�( !I
8/H?�
(EF�IJ��'hK��� 9�	��
 !L�EF�IJJ
��� �������/ !I
8(w��MJ
Nx(OyE��� 6�#78��z
{JB�� !I8���� ST( SM/ BF` QF	
��%�34�,��� 9�� ST��<)=>/+�
��EF/%?� SM�PQ�R;���
#F�,��
.CD��<)�56��/� |9���EFIJ�	
�%�2����(@����� S}T���:�EF
N~���/� Y@Z!"� JASN~� 0/�0;�,
�� +� !� BF( QF�� 0*.110+.1��� $���
�� /3��,�� )& -*� Rodrıÿguez� )+33.* � 2C
D !��ijkl!"� BF�� /+.,�� +0CD��
/*..�(�+�� .$A�2	��%�� 9��.$A
����-�����:H5��EFIJG�� ��H
UG�V +�.�,��/� ��io����V +�-�,

�'(@�����

EF��� +� !�� *.21� +./� !�� *.2.1
*.2/� ,� !�� *.2-1*.2.( !I8�D}�(�
��hK��� 9���2�W��B�EF�hK�	

����X�g/�����
(@����� EF�
��Y�Z/[
�Z
�\E�G�,�� 9�� C
�	
EFvG�hK`� ���]�,-����� E
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Table .. Peptide and total free amino acid contents of dry-cured ham

Muscle Peptides (mg/+** g) Total free amino acids (mg/+** g)

+ +./ , (years) + +./ , (years)

BF

QF

SM

ST

+5-,/4-¯,.24-a

+5,114.¯-,.4*a

+5.,,42¯,0.4.a

+5.*04.¯,1*4-a

+511043¯+3+4+b

+50+-4*¯,-342a

+500*4.¯,+040a

+501,40¯-+042a

,5-*24*¯.+/4+c

,5+204.¯.3.4.b

,5-1-41¯-224*b

,5,//4,¯-334.b

-5*324.¯/.14*a

-5*-*4*¯.--40a

-5*3*4+¯/3/4/a

-5+,-4*¯-0.4.a

-5.+34,¯--/40ab

-5,++41¯/0140a

-5,2041¯/--4-a

-5-+34/¯/3*4+a

-53+-4,¯ 1/,4+b

-50.*4+¯ /1*40a

-53*,4.¯ 30.4*a

-51014*¯+5*.-4/a

Data were expressed as an average¯SD of 1 samples.

Mean values in the same column with di#erent superscript were significantly di#erent (P°*.*/).

Fig. ,. Free amino acid contents of dry-cured ham.

Data were expressed as an average of 1 samples and . muscles.
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 DPP����
���� ��� pH, ���	�� !"#$����

%�� DPP
�&'���(��

)"*����+
��
%���*, �-.����/*��	����
�������0123�����4
� 536
	7�� �� ��+8�-.�������9+�:�
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Andrés AI, Cava R, Ventanas J, Muriel E, Ruiz J. ,**.. Lipid

oxidative changes throughout the ripening of dry-cured Ibe-

Table /. Sensory evaluation of dry-cured ham

Sample Colour Odour Taste Flavour Overall

+ year

+./ year

, years

-42¼*42

-43¼*42

-42¼*43

-4*¼*42

-4-¼*43

-4*¼+4*

-4,¼+4*

-40¼+4*

-4-¼+4*

-4,¼*43

-4.¼+4*

-4*¼*43

-4-¼*42

-40¼*42

-4,¼*43

Data were expressed as an average¼SD of +*2 panelists.

/ : excellent, . : very good, - : good, , : fair, + : poor.
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Bañón S, Gil MD, Granados MV, Garrido MD. +332. The e#ect of

using PSE meat in the manufacture of dry-cured ham.

Zeitschrift für Lebensmittel- Untersuchung und- Forschung,

,*0 : 22�3-.

Bartholomew DT, Blumer TN. +311. Microbial interactions in

country-style hams. Journal of Food Science, ., : .32�/*,.

Boadas C, Gou P, Valero A, Arnau J. ,**+. Changes in di#erent

zones of dry-cured ham during drying, Moisture and sodium

chloride content. Fleischwirtschaft, 2+ : 3+�3-.

Chizzolini R, Rosa P, Novelli E.+33-. Biochemical and microbio-

logical events of Parma ham production technology. Micro-

biologia Sem, 3 : ,0�-..

Comaposada J, Gou P, Arnau J. ,***. The e#ect of sodium

chloride content and temperature on pork meat isotherms.

Meat Science, // : ,3+�,3/.

Cordero MR, Zumalacárregui JM. ,***. Characterization of Mi-

crococcaceae isolated from salt used for Spanish dry-cured

ham. Letters in Applied Microbiology, -+ : -*-�-*0.

Garcıÿa-Garrido JA, Quiles-Zafra R,Tapiador J, Luque de Castro

MD. +333. Sensory and analytical properties of Spanish

dry-cured ham of normal and defective texture. Food Chem-

istry, 01 : .,-�.,1.

Gonzalez CB, Ockerman HW. ,***. Dry-cured Mediterranean

ham : long process, slow changes and high quality : A re-

view. Journal of Muscle Foods, ++ : +�+1.

Guerrero L, Gou P, Arnau J. +333. The influence of meat pH on

mechanical and sensory textural properties of dry-cured

ham. Meat Science, /, : ,01�,1-.

Hernández E. Huerta T. +33-. Evolución de los parámetros
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Production of Dry-cured Ham and its Microbial and

Physico-Chemical Properties

Masayuki MIKAMI, Ken-ichiro SHIMADA and Mitsuo SEKIKAWA

Obihiro University of Agriculture and Veterinary Medicine, Obihiro-shi *2*�2///, Japan

Corresponding : Masayuki MIKAMI (fax : �2+ (*) +//�.3�//11, e-mail : mikami�obihiro.ac.jp)

The production of dry-cured hams consisted of a ripening period of +�, years and analysis of their

properties followed. Curing started from the end of September, after which the ham was dried, washed,

covered with pork fat, and ripened. The maximum numbers of common and lactic acid bacteria on the

surface were +.2�/.0�+*, cfu/cm,, but almost all date were * or below -*. Coliform group was negative.

The bacteria numbers inside the ham were * or below -**, and the Coliform group was also negative.

Analytical data of dry-cured ham were as follows ; pH was /.1�/.3, salt concentration 1.3�3.0�, water

activity *.2-�*.21, moisture /+.1�0+.1� and nitrite ion *.+�*.- ppm. Peptide and total free amino acid

contents increased during ripening, reaching the points of ,,,12.0 mg and -,3+-., mg per +** g of hams at

, years, respectively. Lys was the highest of the free amino acids, and Glu, Leu, Ala and Arg were found in

decreasing amounts. Sensory evaluation showed that the colour features were more prominent than the

other factors, and overall evaluation of a ham ripened for +./ years scored higher than hams ripened for

shorter or longer periods of time.

Nihon Chikusan Gakkaiho, 10 (+) : ,3�-2, ,**/

Key words : Dry-cured ham, Non-heated meat products
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