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Effects of the Heat-Treatment on the Nutritional Quality of
Milk

- |. Historical Development of the Heat-Treatment Technology
in Milk -

Anna Jung and “Sejong Oh

Division of Animal Science, Chonnam National University, Gwangju, Korea

Abstract

The main purpose of milk heat-treatment is to improve milk safety for consumer by
destroying foodborne pathogens. Secondly, heat-treatment of milk is to increase maintaining
milk quality by inactivating spoilage microorganisms and enzymes. Pasteurization is defined
by the International Dairy Federation (IDF, 1986) as a process applied with the aim of avoiding
public health hazards arising from pathogens associated with milk, by heat treatment which
is consistent with minimal chemical, physical and organoleptic changes in the product. Milk
pasteurization were adjusted to 63~65°C for 30 minutes (Low temperature long time, LTLT) or
72~75°C for 15 seconds (High temperature short time, HTST) to inactivate the pathogens such
as Mycobacterium bovis, the organism responsible for tuberculosis. Ultra-high temperature
processing (UHT) sterilizes food by heating it above 135 °C (275 °F) - the temperature required
to destroy the all microorganisms and spores in milk - for few seconds. The first LTLT system
(batch pasteurization) was introduced in Germany in 1895 and in the USA in 1907. Then, HTST
continuous processes were developed between 1920 and 1927. UHT milk was first developed
in the 1960s and became generally available for consumption in the 1970s. At present, UHT
is most commonly used in milk production.
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oJJES| 2AZOR A7} THste] ALk
HI% 27d0] At oefE ZolAE, 4 AA Heba WS

ANHOE TATIGOM, Q] 402 AAH O o] Hlo]
317] el f7H3Rhe RS S Be gt @ 4

2 A ot IH=Z AAE STt o, Al G2 AASHEA
1 A2 seA]e] Ragtgol Bl dexEe M=ol A4
SISt E3t 3R] =Folghs B4 wiEo] £3E AMSHA] &
ko, “o-o| AA7} -HEFAI F7I A= FF ol
428 Y82 "F T2 YR Wlsle] £ oke] =BT} T
atoick. npAEro 8 A AR ATE A st sk
Ao 2 5197, WAIAA= B ARIZ 519ict o]of fist RE

Aole IMWZ}Oﬂ A oS gHFL Holok,
The-2 “98 gA7}t 99 E-o] njx| JIF 3~22 Ho]A|o]
42y ‘00977 7]1&0] Wahal HFolr)

= =

1. PREM7IRe Y
AF7H & (K, fire) & WS o2 AES 7HEaA Y &3]
A71A HA. $7E 7HEEA H2 Ak AT e B Al
AR uj5E Az ﬁi AZrE| AR, QIF7F AH(Pasteuriza-
tion) H[YS A & AL F1o] dolaky Tt 4= 9t 2-99] A
B1EE 4540 “WOﬂ 7149 A7) vhison, 9%
THHORN el RGN AT B
= A AL, $-R-2f aHlef s HFE]
[ 2 A EIZom, 718 A1Rle) W]

HA | (Ultra-High Temperature treatment)2] A|7}FA] Bio]
olek. ol Bgolut $-R34lA 63~65C oflA] 15~20;
7+ dATsle] 9-99] ARAL ARA]7]7] 93t Aold, 290
20‘&%‘ 2 9l wQl7o] ApHS BHow sl gdxjgl oldh
o A HAREE 9HE B Aol HID 5 e
YT SAs] AFBAIAA EH R PRt 97E THE7] 9
St @2 IgolH, wabA] Zaofi AlolA AY9E 4= U=
3% A H(Zoonotic Pathogens) 0 HE4o] AL w2
ngE0] Abgoll @A 2o HopA|AL At

o] oM -1 A 71&9] 7Y e SHOE HuE
S =H A 7lee] A I 9 E4e mefehed 4
St A=E AlEokaAl gk

J
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1) X719 27 gx2|
E3lo] oJ5lH Sweden?] #SHA} Scheeleo] 178290 425 &
SEEY E}—a'oﬂoui(Sommer 1952), o]t} 17d49] Spa-
llanzani7} 1A ETtATE Yokl g AlZE oA HE
ok gt E%‘fé-J }5k7} Nicholas Apperts 254 5529
AIE9] oA R LA jlom, = “FAEEY HE Ve
ojgk= g 1804W0 &ttt 18240 The University of
Pennsylvania® A 4¥H Willaim Dewees= $-8-5 ot
oA Hd o= A9 B ATE 7IAYHTF A§A Ho7|&
A5 THDewees, 1929).
5 H7] Ao Fole Aol Frhs 22 194710 ] 4
A QYo olgfst FTL Q5| At THEA] FEol=
A o= g2 AA =L Qo T2y 972 mxﬁﬂﬂ & A
7HFA(KIRANEY, Par-boiling, underboiling)o] €&#]7] A|&shH
/\1 §]7];<qo =1 oK ].odotq o]‘— ua’/\_J H]/\HEQ_‘X]- Louis
Pasteur(1822~1895)9] A7-jol2tal & = it 18609
186480 AA Pasteurs EEF0] ¥hael HEo disle] AL}
gom, AYst LLoA] I A| ZLFE 7}A5Ho 24 Hajju|A}
2 AMEAIAA A717F BT & QS-S ISl Pasteurs=
-2 7t g o] tisto] AtetAlE AUAIRE Fof 72 At
AL 19] 0|22 whA] “Pasteurization”o|Zk H2A =9}
ot
1853]| H|=2l Gail Borden 975 X34 ollA 71E 55
oo} HEok= WS Wsto] E61E wigron, nj=o] HEHA
ol 19 "Wo] oJ3t 55-f{Condensed milk)Q] A4kl 7}
o> A5G} o]ojA] 1884W0] A EfAYS] Meyenbergs
7FFARE 71t curd7F A71A] QA ol HE dgsto]
nj=9] 5|5 Wit
E£U9I Soxhleto] A0 & fo}d 279 7FHHS 1886 0] AF
85192, Jacobit 1889'd9] Soxhleto] 3782 vl=] A7Hst
o] u|=9] 4o} 9JAlel Henry KoplikEs Z-2 ol -foka 94
2 F FHe4E Witk ol New York9] AR] ARI7H
Nathan Straust 32| AFFES £017] 5l New York Alo]
Ao 2 -f dA TGS Adotglon, 19 Hho] nj52 E&
TR g FEAA =D, 7o Aol HEE] A
of 99 dAT BHE g AAAIZ]= Hlol ZA 7153t
(Sommer, 1952).
2) 2719 Heix A
9-7-0] Agto] EFE7] Ao
Al Fofl wheh TA] FH9] 5

S} nlFA oI TA7 )

Zol il 969 BA A3
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Table 1. Heat-treatment history before 20™ Century

0|5 7|2t LhE

Spallanzani(ltaly) 1765 258 1AM BOM E=

Appert(France) 1804 AlZO| EXHN| CHoll X&

Dewees(USA) 1824 20t 289 Mt AR

Borden(USA) 1885 LR S/IEsEHY 1T MEHO| tiall £

Pasteur(France) 1860~1864 HEFE 50~60C 2 7oA EEFo| E42 HEGHHAN EMOMES AZAZY
OHXE ~557 AS At5H= HitHS diz

Pasteur(France) 1871~1872 O_i_'_g,g;? S'E??Sgijt‘?az}tzjrijl;)s(réﬂc)zazfega7t ARE7| ARt

Soxhlet(Germany) 1886 Q012 2KE pasteur HOZ HX{Z|

Jacobi(USA) 1889 R0I8 279 EXLE 070 25, Soxhlet ¥XIE 10t

Koplik(USA) 1889 o0t 28 MHeaE M|

Straus(USA) 1893 New YorkAl0] 28 X2|&eS M

N231A Ejgick. WA o] g Aefolx] A Re7t EAG] 2] S QoM S7hRe) Agol AR W Ejgiom, 94

AH|E]7] Hof| AT £55= Lo HuljE]o] FA|ZQ1 £3)
HARE FE Y BAIE oA =Y. olgt =4
Asl7] Yol /= 7HEA A AHRNA vigehs B
7F gokon, T IEL olE WAstH L SI3lH. ol ¥
59 Zle RIS a=TlE & & Sl

19209714 Al AP 32FE|R] QSkAIRE, of Al7|of &7k 4
@ (flash pasteurization)® A2 A<tH(holder pasteuriza-
tion)o] 7= 0H, Alf AtQjoll & FFE FU o7t A
< AMEShe R&7h GA6HA] BARE FX ofslelA $RE &

1o A ]Lq o 1
A 745108, tARS) B9 ASH PHOE SRS 68375,

oT= WA 4ug che Wslitt. ol xielE 967t 2 7

:

SO Qlslo] 950
Boron], AL AP LA
2wERelE A el

EERRRREES

AR AT, T Bl ofA
Aol tisf S191E 7Hd ARl
AR 9 AL2FARDOA -2

SHARE. 2 et At e
o Ao 7|28 7SIl At

A 92 A2 Aol wigh g2 w7t AkeH ot
o] ol 35 A2al B Table. 29+ 201, o|2|gh ¥t %

Table 2. Negative perceptions of pasteurization in modern milk production

20HO| O|%

rlo
10

bal
ol
=
-0
0=
)l
ro
40
40
O>

AL X1KIO§ A
O|AHI-I =00 =2TT= (=} ) =
e Mol HIHE RRE Sool Bt RRY 0142 AZAZP HH MERFE AYsH Bt
o2 J7IEFE Ue S RFY WS HFIL, SAVIE HAAP|H, RF9 43EE MANIN. 4T3
ook HIEtZ CE BIROI HIERIS Otiold, 27|25 HTAAM H2A7|1, 84S OHasitt {OIE HIXSH0
e N2 BRE St Z0| 22T YU B, HZRE H0|Y R0t T KK QECH HRRE BXIS 47
A s, WHIE Y2702 2ARJ} Cf XeIHQl 29atn FASINIC
=5 MRS SIH QK9 ME0| H5I0] JZS0| UAFICL AR QMAS FOIM LRI FALEE SHX| 25t
Od=sty 52 MO o2 279 Fett 84, 322, X 58 I6HH, 2R 434S HEIH
HIIYHC 2 HAIEIL QUM Hx0] 26N, DI4=0] et S4= DEX| =t dafs 280
ot opry T KIYS ZANRICL BR7F 2SS YOIIX | UR0| BRES d4TY Wt g 289 43S
e e o|Fefeto= £3519 AHEXIE 59| 5P| g ddReE SRIE S7HA7IL, {0t AIYES S7HAI7|H,
TRYS Yo HARE YW YMEO| Xoteih. RRY 0| RRY HHgES 2SI Rl
A Q0| 472 RIS HEAZL HTYAS TYROR 0139 472 SRS MT0| SISt
erle SHAN 2192 QUFH= AlZH0| Q)C}
SO JSIr= o — [} AN .
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o] Aol et ek A7) ofFoidel w1 A7 §=
o] BEAA =

3) SRzl HHist

] A o8 2l AARE 7HAAL YARE, 7o AEH
Aol HHs | AL 194)7] SAREZ & & ok 27]
o= Aats 2UotA sto] BAIY AERoIA AdE 571
A717] sl AAlshe B97t Bolkth wEbA 4dd Al BH
371 o] A A=A = FAo] S At A AZE
57olojA] Aol QI AH|Rb= AdEte] diste] S
7Hl o, Aot At Aetg IR 7 ofF] AL E A
IR, S Hele AdEos JA8E ER9] gt
2 e HYth of7]o A= vlsoll A9 Ao Al
< FE AEECEHN 270 Sf AtHo] HAR S AT
H7|Z gt

Baltimore®] $-§4Ak= 18930l fohd 75 A AUA
ok, wj=ollAf X9 A At Cincinnati A4 18970
AAE AoE AL Uk o]ojA New York Al= 18984,
Philadelphiax 189949, St. Louis + 1900%°f|, Milwaukee
+ 190349], Boston¥} Chicago® 190840, DetroitA|ofAl=
191040] AA=RIL}. ChicagoAl= 1908E0f 19094 1€ 1Y
0]20f:= tuberculin AAR] FARE AoflA] BART 257} ofUH
At sfof Tl 4 =E WS APESHIH:. 1908|0] Massa-
chusetts = BE $-f= 75C oFoE GAeotal, & Higo]
1 inch 3719] AL A= A FUE RAGHES o= 1
< FIAF 11 o] & H|59] thE FolHE FARE Ho] B
AN BE SR MACE AutEHES EH]lch

189249 B]= New Jersey 3, Newwark 9] Henry Coit7} &
S YfH{certified milk)9] B4R 75| Elo] 1893l Al
wojx e5d FHo| 93t AR Akl 2A 7|5t o,
S, At BHfiohs P EA HERE o857 E stoith

uR9) BEG BAES 72 3ol gt 2adH BuE vgE

Table 3. Milestone in the history of milk heat-treatments

MLt - QUE

5= otslon, ol A7t

o S 193099 "l= Detroit A
oA ABAtEl= AR o 1%7F BERol, YA 99%9] A
= AFEon, ojojA & BE UR-E AdsHA =tk 1947
doll Michigan 7} A2 FoA Pitel= HE AR A
T2 oRslols We AFgste] 19484 749 199 £ Wt
L& ofglon o|2fet AFke o] 7k Fof W ghitE]of 7t

o
of
o,
o
lo
e
Jo
10
o
2
=
=)
rlo
o

191097¢ 1940dHi7H4] A9] 30od7ks vl=olite= AAY
AAYG AY BE SRAFSNA AL AL At (holder
pasteurization, low temperature-long time pasteurization)
= A& Aol ARSE 37482 HH 100~200 gallon
o] AN 7k Atohs Wit 9RE oH] 7R3t ool
R 7 At710lA 3087 TELE slo] Aok Y] &
TH7Y 2 AREQoH, SAe] e 22 iy SRRl
A o] ARGEIQIO, A AT At AE] 59 dHA%
Tt gano] ARE, 714 BE9] o A o= sty HAF
E TARE At o ® HiR|EA Hle SAEAIE o83t 1L
LA (high temperature-short time pasteurization)
o] 19230l A/ =RAT, 194097 = AFAZ o2 ALSE
A Z3ict. HTST A=t 45 248 9 SR 7ide] ot
ot HE S22 HGHA Folnh A=ty Afdehitnt oA
19409 Aol 92 23t o] 7dElo] HgEA oA
12 GARE Aol HE gMiEo] esddle AAFCR
90% o] 7t I GAE Ao w At AP HI 9l
.

5) 290| £T2 H2jHe| Wy
909] 212 Helo] 9jg) o] 9L 909 0¥ 3
i v1YBL 12502 718 Helste] AEAZOE o

71zt e
1860~1864 O2tA9| Louis Pasteur’} ZEFE J1EX2|SCZM EHAS =Y 4 Q28 &A

1870 Denmark®| N.J. Fjord W47} Pasteur?| Ex{2| 220 223t

1873 0|=29] Abraham JocobiZ7} R0t2 LKE J1¥X2/ol= diHE A

1881 =9 Alb FescaAl’ HESOE L{AATIE X|E

1884 =9l Soxhlet EIAZF R0K2 RKE 7IHX[oI=SE HYHCH, 7FHUM 272 SX2FXIE 10t
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Table 3. Continued

1885 Denmark? SwedenOljlA| QL7 MMOZ A=l
1886 Harvey D. Thatcher A MBR2 R2|2 & SRYS LHSIUL, Stone LA} HMSLE RREN7V(2| E5E I3
1888 . A Caille BIAIZ} Soxhlet A+7|E O|=0] AJH
7Y Y70 E0| AN BO0| FAHRE g £ QU= 2RH0| EE LULCL
1889 New York| PostdamOil At= Harvey?} Samuel Bamhart= Z0| QLRHOPNQ EFE WLt
New YorkA|Q] Henry KoplikO| MIAGIA HMEOZ Q0I2 LRRUQAE MX|
1889~1893 New YorkA|2| Nathan Straus?t J. H. Monrad7} K29 MHS FHGIL AA|
1890 DenmarkOilN| MZC=2 HEHMZIE S oA H, 1890 Z0= EH3l ZULY.
SRE BSCIIK 2UHOR JIRF 4+ U= ALIIATAI} HS Denmark0iAf g
1890~1891 Bittner7t X2 2 LIME JIEIUS MRSt T 47| UEJUCH, LRE 844T A 3027t 7tHotH FES
e & Ao F
1892 0|=22| Sheffield Farms Co.2| A}EF L. B. Halsey”t New York2| Bloomville =Z0]|
US| MFAY|E XMZ HXGIH MBL=E HYN ddf &2 4%
1892 Chicago®| Columbia Bf&3|0 RRHY AdHE Mg TAl
1893 Howland G. Freeman HIAZ} {2 J1HE LQEAMAT|IE YHOIGICE
New YorkA[Of Nathan Straus’} &R X2|ZE S0 IFUIOISHH RFEE 4H7RE 35
1894 O0/=2] J. H. MonardM|7} R{ART|E HZt6t0] D. H. Burrell & CoZ} THOH
S. M. Heuling M7} B3¥O| ALLIMULAT|E 1121,
1895 Wisconsin = CHSt9| H. L. Russell BIARZ} [ 7|2t FIH7L 28 BT N24T7|E 1R, £7|9 HEAAY
0] MRl &35 ARV|E AIRSH= MFHOE RIZAUCE S7|HE B MNH7|7F XS ANE
1896: S .M. Babcock HIAFRt H. L. Russell HfAt= K9 4+0| IS M0 O|X|l= Fekg H+F
1897 Jensen M7t AL3|TA! HAMTHTIE HA ME
LL209| MAHX™ AHH0| O|=2 Ohio & Cincinnati®f|A] A|Zt
1897 O|= Minnesota 3= Albert Lea®| H. E. Schuknecht’} HE{HZE =9 AHES AlA|
1898 HEMZEE 382 S DenmarkUA= 2|25t
1899 FarringtonZ} Russell BiAt= 1I124HOZ FZE0| Zaetttn 210
1990 Russell} Hastings EtAk= Mycobacterium tuberculosis?}t CHE HEUAS 60CHA 2027F XM2|5HH AFEAZ 4= ASS &0l
1900~1907 Theobald Smith, RussellZ} Hastings 2! Rosenau HIA} 52 Z3H0| 60T 0llA 2027t SX2|otH AIEE= HE R
SOICEM N2 Mo Wey 7|28
1903 AXMAIO| AT |7t ATHEIR O, Joseph WillmannO| =2 SXHMAl AHTIE K=
=2H| =S (International Dairy Federation)0| A S22 Belgium2| BrusselsOiA] EFMEQROM, A HS|OAM HH ALKt
1903 7t @79 Ha0f CHoto] 2150
0| CHZ|OflA SwedenQ| C. Barthel2 1896L40{ Sweden| S&X|7} RLRAUFS AAGID QCtD 211
1906 30|z 2tE RRYO| LHEJUKX|D, oF 19290HZNK = ARBEX| 43
Joseph Willmann2 87192 & XN2ARI|E HAXGIFCH, 2t 7IHAN R{|E 61.7~62.2T HA 3027t 71ESH &
1906~1907
LHE LA =
IZN|CAB ST 20| AR HASEH =20| Heidelberglf Straus7t LRAT ASAS MX|
1907 0= SEM=0| 2R ISHYU| HAE Aot AH
Joseph WillmannO| S22 New YorkA| Slawson Decker Co.0ff ¥ X247 |E MRS, MSOZ 2%F As7|7t
E5g =2
QEMIiXL ZX|&3|(The International Milk Dealers; 0] 7|2 1935401 The Milk Industry Foundation@=2Z =RACHI}
1908 Chicago0i] A& &

Chicago= ®&F HdS BM2t 2=9 At E

Charles E. North BfAL7} New YorkA|OIA HMSOZ2 AZ 2L(Grade A Mik)2 J|E BES K&t

gon
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Table 3. Continued

MLt - QUE

0= 33 eM=1t S H240] XZ22 Miton J. Rosenau?t KM=t KIMAIRIM 595, “Aw 1t “SREMTC| SAIHH
Chicago Al= tuberculin HAIS RA| 2 A0A YitE= BE PRE AFHZE ddolESE H2=Z MY

1909 D.H. Burell & Co.= 25 HHYUE|S ML, X202 B M2ARI|S H
New YorkA|2] Charles E. North BtAlE NMAMT A|Ztd QTS ZAIA| Serratia marcescensS At
1910 0= 25 B37t HZeZ “QAES HE=AAE"(Standard Methods for the Examination of Dairy Products)2 =t
Charles E. North 2IARZF AN HEMA SHHS AL
1911 3TA s 2K} HEI| MY
XM2LE RIS 7IAH0 GA A=H ALE
1912 Chicago S QAFSH New YorkA|Of O AMFEHO| &E ]
Charles E. North BfARZ} ZVEAIZEN 27 272 02| 7HX| FF bacteria, =0 0|Xl= =HE UH
1913 Chicago T2 YHi2t5|0f| Standard Cap and Seal Co.7| ZERRF ARLETIE FA|
1914 New YorkA| §M=Z2 2= ga%g 61.1~62.8COIA Z|A 3027t 71E5t==2 HE
PhiladelphiaA| 2472 2235t &t
1918 FEE LIEAZ! A HTH7|74 ATK
1919 Anderson2t Finkelstein2 Electro-Pure 282 AI25t0H K2 HTST MAES:E Mgt
1920 Grindrod7t UAZAX F71E A0 TS &, ZSHE REAIIE 54 T E(Impact sterilization)” HZ|E ATH
1922 A0 NMS2E PRATE MY
1923 :ot‘jQI Sedwick7} MSO2 BIHMAIQ| HTST T aw7|S AJ Hunziker’t O &2 KA HEoIH MFE
dHAIZIC =Y
1924 HEYAH © RS AT 4L,
02 Z2FM=0| MSOZ2 HEFL2Y H(The Standard Milk Ordinance and Code)S MY
1925 D. H Burrell & Co/t X202 F 7t0=2 & KFH7| HZ0| Stainless ZHS ALE
Pennsylvania = {44=0| HTST &0 X7| 71¥S 58
1927 M2 MYM ZAUHO| AlY
The Heil Co.7t 29 Stainless steelZ = {44 BiIFE XY=t
1927 0|29 Grindrodi= 57| FYUECZ R{S 1M0TA] (271¢) 712 X2lole BdHE FHCUR M= A
1927~1933 SiXHe| HTST K A HX|SO0| 7{
20z Z0|2 = R{LEA 27| (The Sealcone)?t AJ|E
1929 T Suer|7t G=0=28H D=0 AHE
Mojonnier Vrothers7} MZ22 S|IMAl XZLF H SXIIE AN
1930 New YorkA| $IM=0| C2E2= 7IE5= HTST H=7|E S7foIUCH M3/ Hd 272 SQ% ZHELE B2t
1930~1940 HTST &x7[0 A EE o U= A7 HEJt JHE 24y
1931~1932 A. C Dahlberg?t J. C. Marquardt(New YorkA| sYAIEZE) M7t LK 7tE2E L A7t ZSHA ATHZHY BAS
H27] EHO| HA
1932 New Zealand0i| R. M. Murray@} F. S. Board M7} 80| XZXZE WY
1933 T_racy, Ramsey, Ruehe’t LRE H&HolH HrRol AMEFIt AN ECtD Hi1 i
X222 289 HTST A#HZF0| 0|= BZAMHA(U.S Public Health Service Milk Ordinance and Code)0f] ZE&tHE
1935 oA 9_|§IE M%*?I AHlotE BE 2Rc Mot s HIUOL, AHIXOA 2E HHEEAL, otF0) 600 liters 05}
£ Hfrole R AM2Ho= MEEHX| 42
1935 0= ot 2253 (The A_merican Association of Me;dical Milk Commissions)’t M3 =2 HELRQ| AHS SI=E HE
A=2O| Kayel GrahamO| M2 = phosphatase A|RHS A
1937 MEL=2 =YUUN THE RFUS SRSHUA AL
1938 HTST w2 22 ZA7t Ty uety|t ARUEE AMESIH S, UHT Ad, 34, 2R ©FE 755t

A et TEXE|7|7F New ZealandOf|l A O|=0 XZ A4
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Table 3. Continued

1938~1945 M2 40| 250 I2HAZH 47HRZE X
1940 NetherlandsOij Al 89| AH0| HEOZ °|235}
1941 DRHAZE A0 H=Z0M 3402 1Y
1942 229 oY It |R5}
1948 UHT & AT
1951 Meyer7} 292 UHT X2[5t, Martn EXZHOZ | RHAELAE
1951 Denmark®]| Svend OKoch SfAts =K PRSI0 HIZSH EIMOIA] 1949~19501ACH0] FRI0| HH LIZIOIIA 272
M ZEO| HI10Il= methylene blue SHIAIR, SOME| BFLEHIN, Coliform DIME AR S0| 71% HO| A8H
1952 150COA 0.127F L= X2lsH= UHT X{2|8f10] SwissOA] AJY
1956 Switzerland2| P. Kastli 2IAF= IDFOY| KI&8t ETAMOA LLZ Phosphatase?} S410| = HE 2 SX2|5HH HYAMO|
D|ME0[LL HIO|MAE 25 AfESHD 21
1959 G229l 8. K. Kon HAl= AT X2(0] o5t 2R0 FUA Iz SAIY Mrils ATE LR
IDFS| 212 KXo &5t MOjLoN CSel 428 W
- GXEZ SN2 299 EHE YHAS =011, R NY¥YE JHMGH| et AOITh HXE| HAREXEZ =
Phosphatase 242 42 SXZ|7t It AC2 QMG H-AXE|E 289 IYE+E 78 = AL, W
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