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粉ミルクの錠剤化とその物性に関する研究
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Compressed baby milk powder has proven to be very convenient for parents due to the ease with which it can be
handled, and the fact that use of a measuring scoop is not necessary. The purpose of this study was to develop a com-
pressed baby milk powder and analyze the resulting physical properties. The basic production process consisted of the
following steps: 1) molding milk powder by low compression pressure, 2) humidiˆcation at 25°C・97％RH and 3)
drying with use of a desiccant. No chemical additives were used for solidiˆcation; therefore the chemical composition of
the compressed milk powder is identical to the base milk powder. The important properties of the compressed milk pow-
der are both ready solubility and the strength of the solid. The compressed milk powder obtained at low pressure was too
brittle for practical use, but the strength was increased by humidiˆcation followed by drying. During the humidiˆcation
process, the powder particles located close to the surface of the compressed milk powder partially dissolve resulting in
bridging structures between the particles, leading to an increase in strength. Both speciˆc surface area and the volume ra-
tio of the compressed milk powder decreased. Testing showed that caking between the particles occurred following hu-
midiˆcation, and that the volume of caking aŠected the ease with which the compressed milk powder dissolves in water.

Key words�compressed baby milk powder; bridging structure; humidiˆcation; tensile strength; caking; speciˆc sur-
face area
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Fig. 1. Powder X-Ray DiŠractiion Patterns of Samples
a� powdered milk; b� tablet �uncaking�; c� tablet �caking�.
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実 験 方 法

1. 試料 EFGHI�J&7KL0%ÙÚ�

8<=>mb5!% ��8<=>�MNO9ÛÜ

NÝÞ�ß 250 mm@��&"²��"àá 25â"

ãWä>� 11.7â"å\¸Í 58.3â9���æ�

ç 51â@"<èé= 2.2â��� 
�"8<=>

�ê�¦§��b5!��
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2. 圧縮成型体の調製 ���£ ë�ìí

9ãîï|ð>T"ñòóô株@m5�"õÞ 20

mm�ö�8<=> 2 gm÷ø!%�æ"���½

3.18"9.54"15.90 MPa"��ùú 0.5 mmûs �Û

�ü������!% �����m 25ýC"ÃÕ

Áú 97â�þ��Vã�� 7 �r�ÁLa%�

æ"����=�Z�%þ��Vã��GHLa
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3. 結晶性 §ÁGH
������ m"

8� X ���ìí9RAD-IIVC"株��>@��

ë�!% X ��� CuKa"Ni ï�=ãVm5

�"�� 30 kV"�Q 20 mA"��ùú 2ýûmin�

���úmë�!% 

4. 錠剤硬度試験 �Ô����	�Ó9AG-

5000D"株��7v�@m5�"�� 5�����

 !	�m"�% 

5. 錠剤崩壊試験 #$	�%9NT-20H"&

'�w株@m5�"()���J&�Ì*���"

�*
+O�,�Z0"	�-��¥./0mL

a�h1Í�
u
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6. 比表面積測定 §ÁGH
�����Ê¿

À5�"6�((7Ê¿À5ë�ìí9SS-100"株

��7v�@�J&ë�!% %8!"	9=�

õÞ 20 mm�µ¶!�ë�m"�% 

7. 走査型電子顕微鏡（SEM) §ÁGH
�

���m:V{ï;�W<Vã9JFC-1600"�¹

�Ý株@�J&"30 mA"90 =�ÆÇ�>?<V

@AWBC�!% ·��"SEM9JSM-6060"�

¹�Ý株@mb5!�"§ù�� 7 kV"300 D�

°E!% 

8. 錠剤体積 þFã=�GH�VF9DG-933,

株IJë%@�J&"§ÁGH
�����õÞ�
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結 果 と 考 察

1. 加湿乾燥前後による結晶性の変化 Figure
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2. 錠剤強度に及ぼす吸湿時間の影響 `V�
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Fig. 2. EŠect of Humidiˆcation Time on Tensile Strength of
Tablet

Compression pressure: �, 3.18 MPa; �, 9.54 MPa; �, 15.90 MPa.

Fig. 3. EŠect of Humidiˆcation Time on Speciˆc Surface
Area of Tablet

Compression pressure: �, 3.18 MPa; �, 9.54 MPa; �, 15.90 MPa.
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3. 吸湿後乾燥による比表面積の変化 �Á�
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4. 吸湿後乾燥による錠剤体積の変化 cd�
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5. 比表面積と引張強度の関係 ¥��J�
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Fig. 4. Scanning Electron Micrographs of Caking of Particles ��300�

Fig. 5. EŠect of Humidiˆcation Time on Volume Change of
Tablet

Compression pressure: �, 3.18 MPa; �, 9.54 MPa; �, 15.90 MPa.

Fig. 6. Relationship between Speciˆc Surface Area and Ten-
sile Strength of Tablet

Compression pressure: �, 3.18 MPa; �, 9.54 MPa; �, 15.90 MPa.
Humidiˆcation time: 1 day; 3 days.

1506 Vol. 131 (2011)

�"�Á�GHLa��Ê¿À5�ki!"c�"

���ú�i§?�e¤m�!% ·��"���

l�Ãf m6Î�L% Figure 6�`V��½�

����Ánr� 0"1"3��Ê¿À59��@�

���ú9��@��mU�ð{!%S��� 

`V��½���Ê¿À5�ki?�����ú�

i§?�e¤m�!% ��S�"�Á�GH

La����J��NÝr����m��Y"·

�SNÝr��À5�i!"���ú�Ì*u


���m�U!% �¥�13�"Jernot�14��"�Ó

Í8��m§�?���� ±J&
&¡�[ú

�������ú�i!"·�«}�¢�J��

�m�!% ���12�\_ Í����T��

��çNÝ��Á?����J&_`!"·0mG

HLa����J��NÝr����£�L0��

�úmÌ*u!%���È/� 

�Á
�Ê¿À5�"V��½� 15.90 MPa �



hon p.5 [100%]

1507

Fig. 7. EŠect of Humidiˆcation Time on Disintegration Time
of Tablet

Compression pressure: �, 3.18 MPa; �, 9.54 MPa; �, 15.90 MPa.
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結 論

ÙÚ�8<=>m 3QR���½���!"·0

mÃÕÁú 97â9²[@¢³!%�"GHLa�

�NÝr����n�!"·0�d�����ú�

iÌ!% ��pÖm`\?�%k�"§ÁGHC

�
�����Ê¿À5��5µ¸më�!% ·

�S"3QR���½���"§ÁGHC��J

&Ê¿À5��5�ki!��&"NÝr����

m��Y������\��
�% ��m

�sú�"���#$ ��ú��´m³o?�È

/� 

REFERENCES

1b Morinaga Milk Industry Co., Ltd., JP Patent,
Kokoku Koho S.45007949 a1970b.

2b Morinaga Milk Industry Co., Ltd., JP Patent,
Kokoku Koho S.45039018 a1970b.

3b Snow Brand Milk Products Co., Ltd., JP Pa-
tent, Kokoku Koho S.49004948 a1974b.

4b Wakodo Co., Ltd., JP Patent, Kokoku Koho
H.01054015 a1989b.

5b Ishihara K., JP Patent, Jitsuyoshinan Kokai
Koho S.49130189 a1974b.

6b Noda K., JP Patent, Jitsuyoshinan Kokai
Koho S.61118280 a1986b.

7b Ezaki S., Sugiyama M., Nihonengakukaishi,
14a4b, 199211 a1960b.

8b Krycer I., Pope D. G., Hersey J. A., Powder
Tech., 34, 5356 a1983b.

9b Coble R. L., J. Am. Ceram. Soc., 56, 461466
a1973b.

10b Danjo K., Iida K., Otsuka A., Powder Tech.,
19, 530537 a1982b.

11b Danjo K., Iida K., Sunada H., Otsuka A., The
Micrometrics, 29, 4148 a1985b.

12b Otsuka A., Wakimoto T., Takeda A.,
Yakugaku Zasshi, 96, 351355 a1976b.

13b Danjo K., Otsuka A., Yakugaku Zasshi, 100,
893899 a1980b.

14b Jernot J. P., Coster M., Chermant J. L., Pow-
der Tech., 30, 2129 a1981b.

15b Danjo K., Kozaki K., Sunada H., Otsuka A.,
Chem. Pharm. Bull., 42, 21212125 a1994b.

16b Danjo K., Kimura H., Otsuka A., Drug Dev.
Ind. Pharm., 22, 933942 a1996b.


