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Abstract

This paper chose the methods of methylesterification of the use of methoxide, the mixture
solution of methanol-benzen-sulfuric acid in transesterification of the fat in cow’s milk and
modified powder milk and separated by gas liquid ckromatography with F.F.A.P., D.E.G.A. as
liquid phase. '

Quantitative analysis of the fatty acid of milk fat in cow’s milk and modified powder miik
was determined by gas liquid chromatography using the method of temperature programm-
ing which should be used to obtain satisfactory separation of short chain fatty acid on the
chromatogram. It was found that the fatty acid composition of cow’s milk and modified
powder milk are all the major fatty acid of milk fat obtained by GLC analysis. Main

components was found to be from butyric acid to arachidonic acid showing Fig. 3,4,5 and

Table 4,5,6,7,8,9.
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3. 300 ml 727
4. 200 ml flask
5. A4 gas bomb
B. A v} A methyl ester 24} & reagents
1. H;SO, (G.R).
2. Benzene (S5.P. Merk Co.)
3. Methanol(absolute)
4. Peteroleum ether
specific gravity 0.62~0.67
distillating 30°C~70°C
5. Anhydrous sodium sulfate
6. 1% Methyl orange
7. Sulfuric acid-benzene-methanol, Benzen:

methanol (%) (1:3, v/ve%) £¢Y
230 ml o ¢-H,SO, 2 mlE H7AHA
8. Standard fatty acid methyl ester(2}%)
(Poly Science Co. #])
C.y4%a 3 4gza
1. Instrument
Varian Aerograph 202 with flame ionizati-
on detector
2. Column
a) 20’ x1/8"’ stainless steel with 5% F.F.
A.P.*! on chromosorb w 60/80 mesh
b) 4mx1/8" Copper tube with D.E.G.A.*?
*1 Polyethylene glycol+ 2-nitro terephthalic
acid (o] 31*F.F.A.P.)
*2 Diethylene glycol adipate(°} D.E.G.
A.) (polyester 30%+HsPO4 5%)
3. Temperature
Column temp. 55~225°C at 10°C/min
Injector temp.  220°C
Detector temp. 250°C
4. Gas
Carrier gas 30 ml/min as N;
30 ml/min as H;
350 ml/min as air
5. Sensitivity
1071, attenuator X 16
6. Chart speed
20°*/60 min=1/3in/hr

D. Methyl esterification 1,2
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Table 1. Retention time of methyl ester of fatty

acld
Component gz::g:r 1 gre;:n(t!i:i?’) Log Rt(min)
Butylic acid C. | 2.83 0.4518
Caproic acid Cs 3.88 0.5888
Caprylic acid Cs 5.17 0.7135
Capric acid Cio 6.41 0.8062
Lauric acid Cz | 7.60 0.8808
Myristic acid Cu ' 8.75 0.9420
Palmitic acid Cie | 10.06 1.0253
Stearic acid Cis | 12.05 1.0809
Oleic acid CFi | 12.37 1.0923
Linoleic acid | CwF, | 12.91 1.1109
Linolenic acid CiFs | 13.45 1.1319
Arachidonic acid Co | 14.50 1.1614
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Fig. 2. Gas chromatogram of components of
standard fatty acid of methyl ester
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Fig. 3. Gas chromatogram of fatty acid methyl

ester from milk fat by GLC on F.F.A.P.
column (solvent : methanol)

Fig. 4. Gas chromatogram of fatty acid methyl
ester from milk fat by GLC on D.E.G.
A. column (solvent : methanol)

Fig. 5. Gas chromatogram of fatty acid methyl
ester from milk fat by GLC on F.F.A.P.
column (solvent : petroleum ether)

217)

Fig. 6& 27 Deman method,s] 9% CH;ONa £nj2)
methyl ester mixture® F.F.A.P. column (Fig. 3) ¢ A}
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Table 2. Correction factors for the conversion of peak areas of chromatograms to weight percentage:

methyl ester

, From Present Study

Carben No i
| FFAPW DEGA.®
Cs 1.27 0.87 |
Cs 1.25 0.84
Cs 1.26 0.88
Cio ! 1.25 0.87
Ciz ‘ 1.04 0.91
Cu 1.03 0.96
Cie 1.0C 10«
Cis 1.00 1.C8
Cis™ 0.77 TR
Cis™? 0.81 1.1
Cys™? 0.69 1.18
Cao ! 0. 55 —

Smith®© Ceman'® Gander ™
1.07 0 74 1.65*
0.84 0.77 1.26%
0.86 0.81 1.04%
0.87 0.86 0.98°
0.79 0.91 0.98-
0.92 0.96 0.99°
1.02 1.01 0.95
1.08 1.06 0.99°
1.08 1.10 1.09°
1.10 1.15 1.09°
1.17 1.20 1.09°

(1) Methyl ester bv metranoiysis {Sulfuric acid- ben7ene methano]) on F F A.P. co‘umn after evaporction PUE.

(2) Methyl ester by CH;ONa soln. D.E.G.A. column

(3) Methyl ester by methanolysis{0.1N methanolic KOH)on D.E.G.S. column after evaporation of eti:v! cliloride-
(4) Methyl ester by 0.025 N CH;ONa soln. on D.E.G.S. column

(5) * Determined as butyl ester on Apiezon column

° Determined as methy! ester on D.E.G.S. column

2 ol =

= gas densityE A 2ty calibration® 4 s+
ideal detector:= ¢tz 91 A S A vk ¢ o, William
a8 = carbon numbers} CeBel A& Z1-& hydrogen
jonization detector® Hal 3 FFolx vialA
o Egr . Ettre 9 Kabot™ &=
capillary column®} hydrogene flame ionization detector
2 A8-3te] A ¥4l methyl ester 9} carbon number ¢
Al
o gk
o} G AEE R ]
detetor & Al #AE ¢
7ztzb calibrationg ste o} = ohx s g
€ F&Aol WA response A AolelE ofd 4
FBAN At Yoo, Horning™® ‘E—Z,L%k
MW)el ha A A5 AAZ Avks FPe. =5
24 2 Qo4 Table 29 22
& Tz oo BAW o7 2EF ¥ mFHYc
F-4: %3] 2% internal standardel] &3 AT 8
FEATAE
%2%3}7] Ao] meat fat o] internal standard & 4 7}3

‘i—'ﬁﬁ}‘}il, Gehrke‘s"“t A H‘*«]

flame
d AFE

w}e} relative molar response 7} 3 44 o & 4|
39l c}h. Sternberg® . Ettre, ™ Fel T3
McNair &V 7
e 2 Al AdA

n(82)

B-ionization

v, Jamieso

correction factor

& Hornstein 9 % free fatty acid&

—{o S Ay r«{u

ol 4" A 24 S

tall oile] # w4+ internal standard Wi & A S8l

GLCg 439 rt.

F-5: Recording chart A48 =14 &3 &
FAE £43 % W, planimeterd 4§ &
¥ half-band w1dth°’ 9l g w | record & =3
FREAA o g Gol Uk Ywkd o= dE 4
£ 5} = half-band widthell 2] 3 7} peak® = 1.2 peak

ol 1/2x A & (width)o| peak height™® % ¥3a}lo

peakr} sharp €17l F-dgx ¢¢e AL % stearate,
oleated] peak = & & A9 triangles®’ v o & A -

. 2 d7dAdE GLCH A= x}_g.a;% A o] A
peak®] w A o] A ALH g}
zAo) g A peaks] percentages I A 8h9i k. Smith
29 2} estere] o ¥t area percentagerl mole percent
HohE weight percent & o WA EA HejdgE A
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data Bote o A&4 AP G ES Y
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Hansen® (1.V., 39.6), Samuel®® (1.V., 35.0), Smith:
@ (1.V., 35.89, 27.4)%5d dTFAASG KA
FH % human milk (1.V., 44.1~46.9), cow’s milk

(V. 31.9~39.6)S $41% A#E udFz b

Asbe ARSRY ZAES BT GAE e o

odEd. 2 HdE A 217, H 22800 A+
o Awgrekg 3.1~3.3%0l 3 ZAEFE HA 18.91
Hi 26.5501% FAL A 19.580 4ol HF L

55 A utgheko] 53] v},

FREF BAF e, o] AAE Jack®® (V. 32.4), 3-2:F A4 59 Awat 24L& Tabie 4, Teble 5,
Table 3. The characteristic and physical properties of milk fat from cow’s milk and modifed powder

milk
\ sample Modified powder milk

. Cow’s milk

\\\ Domestlc ; Foreign
N T2 ; 3 | 4 . 5 6 1 71 8

Fat content(%) 19.72 | 19.58 | 19.85 | 26.55 l 18.91 3.2 l | 33
Saponification value 224 224 213 217 ! 228 l 226 220
Iodine value 34.7 34.5 36.8 ; 77.7 35.1 38.8 32.8 38.8
Acid value 213 | 1.9 0.47 |  0.93 2.06 - -

Table 63 5 o] A3+ F.F.A.P, D.EGA.5 column
£ A9 ste] AL L@ F A methyl esterification w2
2ess GLC =Yg Azgsd 92 dAxolch. o
A wtal =49 chromatogram pattern® Fig.3, Fig.4,
Fig. 59 7}, Column 3 methyl ester & =} zulyo)
Aol §toll we} delal AFJE  Aolztgirt. Table 4%
I-D, 19-70 vt o] wtel methyl esterE-
F.F.AP. column o8 #a§ Asztold z dg=Aql
chromatogram-& Fig. 50]c}t. o wbw] & Cy~CyortA 9}
Z23 R RrIAwAde @ FH" Hel 5
Table 4¢] data® ¥ = methyl ester 24 F A F= glat
9] £4d 7]dd & Table 59 vladtnz 4 & 4 o
t}. Fig. 39 chromatogram data= Table 60|+
2 Demane ¥ F& < methyl ester&
F.FAP. column® A} &3l 98 Astole] Cob &)
CH,ONas}t overlapping=l¢l £z Reglert
Table 49} Table 59} data® X Table 49 #Fxau
A -;}ag;o Table 59] 1/3;3_5:_0]11_ 0174_0_ A FA } b
S ol Aetuzr =) FHAd 49 AL 2y
FE Ao, T4 $FFY A4 E4A Cra‘ 2
A&t Ce,Cq,Cro7t Al = Smith®, Samuel?®®,  Jack®
Handerson &} £4 A8 A Ax & 4o 53 G
ol 9lo] FFA 2.81¢ Samuel® e Ao A o
E dFAEY FHA 6.7~10.5%E ofF Aol A

ES L

e

RE

f

o1 2

ZA T2

F& voiFz gdvh. Cpy, Cyt Hansen®™, Hawke®l g
ATFAHY Fx Cu, CipFr Smithe] 27 xw
& X E G 3 A
A WA vl RF 61.74 : 28.260] 12,
+ 59.2:40.80l 5}, zelm $fAw F44
watel st A A2nelA FEE o 7ol
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Table 4. Analysis of milk fatty acid in cow’s
milk by GLC on F.F.A.P. as methyl

ester which was prepared by modified
Dowing method

Cobor o 1 Lz s
C T ! 0.54 6.8l
Cs 0.91 1.07 1.77
Cs 1.03 l 0.82 0.82
Cio 3.44 3.09 ; 3.16
Ciz 2.77 2.69 2.46
Cu 8.90 9.60 9.81
Cis 23.90 25.52 25.95
Cis 16.94 15.60 ‘1 15.27
Cig™! 37.11 36.92 36.59
C1s™? 4.24 3.61 3.37
Cig™3 0.45 0.29 -
Cao 0.31 0.26 —
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“Table 5. Analysis of milk fatty acid in cow’s milk
by GLC on D.E.G.A. as methyl ester

which was prepared by Deman methods

Carbon \16 sgmilei 1 i 2 l 3
C. 280 | 278 | 28
Cs - 2.53 | 2.34 i 2.48
Cs i 1.64 | 1.60 ! 1.57
Co 3.59 3.26 3.28
Co 2.87 | 2.49 2.56
Cu 9.80 ' 9.51 | 9.31
Cis 24.22 ' 25.06 26.07
Cis 15.49 ' 15.20 | 15.04
CisFy 34.43 | 34.50 34.17
CusFo 3.75 | 3.48 3.37
CysFs T : T j T
Cao — | —_ —

‘Table 6. Analysis of milk fatty acid in cow’s milk

on F.F.A.P. as methyl ester which was

prepared by Deman methods

] 2 | s
G - - ~
Ce 2.62 | 2.39 2.15
Cs 1.78 1.68 1.58
Cio 3.45 3.18 3.27
Cus 2.97 2.87 2.53
Cu 10.98 | 10.47 10.82
Cus 24.54 | 25.38 26.36
Ce 15.28 | 1514 | 1513
CieFy 34.54 | 34.65 34.73
CisF2 3.47 3.64 3.56
CieFs 0.37 0.51 0.49
Co 0.22 | 0.13 0.24
3-8 24§ (ZAXDE 4 DA, A, HED
Av 24 APLE ATAA G fob Yoz BG
o e £x 9% B L 2f Sos 29
SH(ZAEHE AATAAE old Azsz Yt =
AfE For Wl VeW FPLT THAT Qolo

" Table §. Analysis of milk fatty acid in modified powder

whlch was prepared by Deman method

¥ o) %54 %3] %)

@54

e 48 YeE Bfe TAs o fivh. $fE =
fras @A, casein, FEH(Ca, P, K, Na)5o] %
Faa T3 9w f3(actose) > Fok. FI A9
Abell glofA +R€ RAEd zAPhe) @z ¥

Aol Aov 1% 34 yal(linolenic acid,
arachidonic acid)2 1/10 A X} A 4=
A A 2o A AAFANE= FH7 Whey FE

o o

% z=

an

Yol w9, §2E 2FR2 TEAE ok h,
235 ]’ 13]5-], °hve'ﬂ': %“FEU AJ—O 7]"%'%_0 = i]
et YA YAT 4 S48 2/ FAbEA s

<} A% 3 2 humanized milke} z:rl:i ol 9} o
ez b, Alete, Frithalete Humana,
Correla, Pelargon(o] 4 %93, S.M.A., Similac, Reolac,
Biolac, Drygo, Lacton, Formulac(e] 4 = %), Milkotal
(=) % o]&hzke] £ AT AE BF3t 9 27
Ao4F A4 2l FA T4 zAZLTHY 9
T4 ZAEFE vz ARTT T4 AT

TRREA H. 2ALR A g4 24

A F 0] 32
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Table 7. Analysis of milk fatty acid in modified
powder milk by GLC on F.F.A.P. as
methyl ester which was prepared by
modified Dowing method

' Samplei Domestic Foreign
i

Rt 1 2l s ] 4] s

o 0.69 0.83 0.72 —~  o0.39
Ce 1.63  1.66/ 1.6 0.35  0.77
Ce 1.06] 0.92] 1.03] 3.5 0.2
Cio 3.98  3.17] 2.93 3.94 3.81
C 3.33  2.69] 4.45 22.58 12.20
Cu 10.97| 10.36] 10.38 7.24] 9.60
Cis 27.04) 26.01] 25.400 9. 12! 21.72
Cis 13.87] 14.920 14.420  1.95  9.49
CisFy 33.76/ 34.86 35.46( 16.88 28.40
CisF? 3.43  3.780 3.68 32.077 11.18
CisFs 0.09  0.76; 0.45] 2.36  0.22
Ca 0 15 T o 18 0. 03 0.24

milk by GLC on F.F.A.P. as methyl ester

'barbon\]o |

Sample |

IR
,
3

5 {

i |
i |
C. ' Ce Cs | Cio i Cua l
-~ 253 1. 27 4.64 3.65]
- 2. 44i 125 4.29 3.01
479 6.70

2.14 1.88

T
CisFa |

Cu { Cie : Cs % CisF1 : CiaFe | Cao
i 1 i b

12.36]  26.7 "2i 12.84: 31.96 3.36 0.52 0.13
10.89) 25.58 14.37, 34.10 3.45 0.44 0.21
12.72 3.95} 0.27, 0.10

24.52,

32.09,
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‘Table 9. Analysis of milk fatty acid in modified powder milk by GLC on D.E.G.A. as methyl ester

which was prepared by Deman methods

63, 144 (1966).

\Carbon No. I c 1 ‘ c c | c 1 c ' c c |
o < 10 12 l Cu 16 18 ‘ 18F1 | CuisF2 lCmFa Coo

Samp’e ~ ! I ? | | |

1 ‘ 2.86% 1.82 118  4.45 3.74' 14.2)  27.65) 12.34!{ 20.10  2.700 T ’

2 ‘ 1.92( 1.27 0.85 3.451 3.04! 11.13! 26.21 14.20 34'793 3. T [

3 i 2.58“ 1.54 1‘39i 4 05] 5.82‘ 10.3l‘ 24.13 13.41] 32.94 3.81 T : -
2075 % Table 7, Table 8, Tabie 08 ¢l ¥4 33 93487 $dF4 184 A4QoA PAE =
w e A4 ARgfe Ao T o & 2ot
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5 o Ay 2t 0. ¢ ol 5
;3 u,-:q’_:_j::l%zﬂ_o;?;:, ;i_& ;—::] g-;:;:j}:; 1) James, A. T. and Martine, A. ]. P.: Biochem. J.
S . o 50, 679 (1952).
z4& LEAA AT linoleic acid, linolenic acid®] & 5y 1100 A T, and Martine, A. J. P.: Biochem. J.,
gko] 2 A A 0 2 oleic acid, stearic acidd] ¥
or3 ’—*.tl,v 4 2 EFd 28 9 FEIAYLY
Wit i Gl.44:38.860) 2, 9 4kF H1 A A7 2
4 u‘.‘f 13.67:51.3424 =89 47 z4ul 48.8:
51.28} W eE AL B4 Fm Qe o] AAE vz
shel molz S FA AL E A A WAE T8
BE A B4 e A o, T4 2

P AL /“iﬂ"?"\org‘ 7 w4t 3/@-“} I

acid, linolenic acid, lauric acid 9] §2ko]
=744 *P-—] Frekol Agleh 4t 7Xil—r1r4 Z R kAt
D ibaiubas] WFY e 61.44:38.860] % S F 4

x 48.67 : 51.340] 7. 4%&&1 299
Al zAdlel Ao e £AE e

— o —
£ AT drid ey FTETAATE AT AT

3) Erich Hefitann : Chromatography, Second Edition
Reinhold Chemistry Text-bool: Series Reinhold
pp. 488~509 (1967).

4) Orr, C. H. and Callen, J. E. : J. Am. Chem. Soc.,
80, 249 (1958).

5) Lipsky, S. R. and Landowne, R. A.: Biochem and
Biophys Acta., 27, 666 (1958).

6) Lipsky, S.R., Landowne, R. A. and Ann, N. Y.
Acade. Sci., 72, 666 (1959).

7 Craig, B. M. and Murthy, N. L.: J. Am. Oil
Chemist Soc., 36, 549 (1959).

8) Henly, R.S.: J. Am. Oil Chemist Soc., 42, 673
{1965 .

9) Schlenk, H., Gellerman, J. L. and Sand, D. M.:
Anal. Chem., 34, 1529 (1962).

10) Irwin Hornstein : Anal. Chem., 32, 540 (1960).

1D #E$ET, EaE:oReBER, 11, 282
(19623.

12) Golay, M. 1. E. : Gas Chromatography, Academic
Press, New York, (1958).

13) Jack, E. L. and Smith, L. M.: J. Dairy Sci., 39
1 (1956).

14) Shorland, F.RB. and Hansea, R.P.: Dairy Sci,
Abst., 19, 167 (1957).

15) Backderf, R. H. and Brown, ].B.: Arch Biochem.
Biophys., 76, 15 (1958).

16) Gersen, T., Hawkej, J. C., Sholand, F. B. and

Melbuish, W. H.: Biochem. J., 74, 366 (1260).
17) Hansen, R. P., Sholand, F. B. and Cooke, N. J.:



(222) AFA .

J. Dairy Res., 26, 190 (1959).

18) Hawke, J. C.: J. Dairy Res., 24, 366 (1957).

19) James, A. T., Peeters, G. and Lauryssens, M.:
Biochem. J., 64, 726 (1956).

20) Scott, W.E., Herb, S.F., Magidman, P., Reirﬁan,
R. W. and Schnider.: J. Agr & Food Chem., 7,
125 (1959).

21) Haab, W., Smith, L. M. and Jack, E. L.: J. Dairy
Sei., 42, 454 (1959).

22) Hankinson, G. L., Harper, W. J. and Milkolajeik,
E.: J. Dairy Sci., 41, 1502 {1958).

23) James, A.T. and Webb, J.: Biochem J., 66, 515
(1957).

24) Carthy, M. C., Potton, R. D. S. and Evans, L.:J.
Dairy Sci., 43, 1196 (1960).

25) Patton, S. and Keeney, P.G.: J. Dairy Sci., 41,
12288 (1958).

26) Smith, L.M. and Jack, E.L.: J. Dairy Sci., 42,
767 (1959).

27) Fatton, S.R.D, McCarthy., Evans, L. and Lynn,
T. R.: J. Dairy Sei., 43, 1187 (1960).

28) Samuels, E. R., Coffine, A., Juien, ]J.P. and Baker,
B. E.: J. Dairy Sci., 43, 624 (1960).

29) Smith, L. M.: J. Dairy Sci., 4, 607 (1961).

20) Thompson, M. P., Brunner, J. R. and Stine, C. M.:
J. Dairy Sci., 42, 1651 (1959).

31) Hawke, J. C.: J. Dairy Research, 24, 366 (1957).

32) Pattson, S. and Keeney, P. G.: J. Dairy Sci., 41,
1288 (1958).

33) Insull, W. Jr. and Akrens, E.H. Jr.: Biochem.
J., 72, 27 (1959).

34) Paul, M., Herb, S. F., Barford, R. A. and Rie
Menscheider, R. W.: Am. O:il Chem. Soc., 39,
137 (1962).

35) Patton, S. E. and Macarthy, R. D.: J. Dairy Sci.,
43, 95 (1960).

36) fhx ARMKISEE : BAME/LBEEE, 7, 916 (193D.

37) R, HARLF A ABECBEE, 36, 361
(1962) .

38) #FAFATFEREZ p.310~342 (1917~1968)

39) Gander, C. W., Jensen, R. G. and Sampugna, J.:
J. Dairy Sci., 45, 323 (1962) .

40) Deman, J. M.: J. Duiiry Sci., 47, 546 (1964).

41) Fryer, J. F., Habzood, H. W. and Harries, W. E.:
Anal. Chem., 33, 1515 { 1961).

T

<A AR e P

42-a) Erdey, L., Takacs, J.
Chromat., 46, 29 (1970).

42-b) Eggertsen, F. T., Sigurd, G. and Hcise, J. ]
Anal. Chem., 32, 904 (1960).

43) Stephen, Dal Nogare, Langlois, W. E.: Anal,
Chem., 32, 767 (1960)..

44) Calvin, G. ]J.: Anal. Chem., 32, 1707 "1S60;.

45) Stephen Dal Nogare, Richard, S, and Juvet Jr.:
Gas liguid Chromatography Theory and Practice

ard Sediznicr, E.t J..

(in programmed Temperature Technigues. pp.319
~ 342 Interscience Publisher, Jobn Willer 126G, .

46) Zhukhovistsskii, A. A. and Turkeirauh, N. M.
Doklady Akad., Nauk.,(S.S.S.R.> 88, 85918330,

47) Dal Nogare, Stephen, Bonnet, C. F.: Anal. Chem.
31, 1157(1958).

48) McFadden, W. H.: Anal. Chem., 30. 379 (1938).

49) Ryce, S. A. and Bryce, W. A.: Ana!. Chex.. 29,
925 (1957).

50) Habgood, H. W. and Harris, W.E.: Anal. Chem.,
32, 450 (1960).

51) Dal Nogre and Langlois, W. E.: Anal. Ckem., 32,
767(1960).

52) Giddings, J. C.: J. Chromatography, 4. 11 (1603.

53) Glueckauf, E.: Trans, Faraday. Soc., 31. 34 {19
55).

54) Purnell, T. H. (Ann, N. Y.): Aciad. Sci., §
(1952).

55) Griffiths, J., James, D. H. and Phiilips.
Analyst, 77, 897 (1952).

56) Ashbury, G. K., Davies, A.J. and Drink
W.: Anal. Chem., 29, 918 (1959).

57) Drew, C. M.: Anal. Chem., 28, 979 and (1956 .

58) Greene, S. A. and Pust. H.: Anal. Clex., 29, 569
(1957).

59) Stoffel, W.F., Chu, E. M. and Ahrens. Jr.: Anal.
Chem., 31, 307 (1959).

60) Luddy, F.E., Barford, R. A. and Reinessch.neidor,
R. W.: J. Am. Oil Chemist Soc., 37, 447 (1960).

61) Downing, D.T.E.H., Krang, K.E. and Murray, A.:
Australian J. Chem., 13, 80 (1960).

62) LBEAH - Mk, MERSARERY 1.D.19-70
JRR5ES Methyl Ester #ys: #i{t&, 19, 337 (1970) -

63) Metcalfe, L. D., Schmitz, A. A. and Peika, J. R.:
Anal. Chem., 38, 514 (1966). ASTM. D 1983-G4],
J. Am. Oil Chemist Soc., 46, 106 (1968’ .

water, J.



Vol. 4, No. 3 (1972

64) Horslein, I., Elliott, L. E. and Growe, P. E.:
Nature, 184, 1710 (1960).

65 Horstein, I., Alford, J. A., Elliot, L. E. and Growe,
P.F.: Anal, Chem., 32, 540 (1960).

66; Samm, H.G, and Wiggs, S. M.: Analyst, 85, 417
71960

67) Sohlenk, H., Gellerman, J.L.: Anal. Chem., 32,
1412 (1960).

68) Metcalfe, L. D, and Schmitz, A.A.: Anal. Chem.,
33, 363(1961).

69) Official Method of Analysis of the Association
of Official Agricultural Clemists, Ninth Edition,
160, pp-361~362

70> Eiltik - BARASHE S Hand Book, pp.221~223,
BAEE 1%57)

7 iR cERAEREA SR mECERAER BT
Tsg Mt pp.182~185 (1964).

72> Eugene, W. B.: J. Am. Qil Chemist., Soc., 39,
122 {1952).

73) R, LA, EIUE Ry TRWELESS, 12
(:2) 44 (1962).

T4) MR, wEs Y F ARG, 29 (1968).

75) &8N, HtH - By TEFRETESE, 13, 148 (19
63), 15, 118 (1965)

76, Sheppard, A.J., Meeks, S. A. and Elliot, L. W.: J.
Gas Chromatog. 6, 28 (1968).

773 Martin, A. J. P.: Gas Chromatography, p.139 D.H.
Desty, ed, Butter Worths, London (1958).

78) McWiiliam, I. G. and Dewar, A. A.: Gas Ckrom-
atography, p.142. (1958).

79> Ettre. L.S. and Katot, F. J.: J. Chrematography,

e A 240l B AT

(223)

11, 114 (1963).

80) Sternberg, J. C., Galoway, W. S. and Jones, D. T.
L.: Gas Chromatography, p.231, D.H. Desty ed
Butter worths, London (1958).

81) McNair, H. M., Crames, K.A.M.G. and Keulemans,
A. L. M.: Symposium on Gas Chromatography,
Sponsored by ACS, Div Petral ST. Lovis, No
(March 22-25, 1961).

82) Jamieson, G. R.: J. Chromatography, 3, 464 (1960).

83) Horning, E. C., Ahrens, E. H. Jr and Lipsky,
S.R.: J. Lipid Res., 5, 20 (1964).

84) Gehrke, C.W. Goorlitz, D.F., Richardson, C. O.
and Johnson, H.,D.: J. Dairy Sci., 43, 839 (1910),

85) Iden, R. B. and Kahler, E. J.: J. Am Oil Chemist.
Soc., 39, 171 (1962).

86) Keulemans and A.I1. M. and Ueruer, C. G.: Gas
Chromatograhy, p.32 Reinhold, New York (1957).

87) Pessok, R. C.: Analytical Methods Principle and
practice of Gas Chromatography (135) John Wiley
(1959).

88) Jack, E. L. and Henderson, J.C.: J. Dairy Sci.,
28, 65 (1965).

89) Hansen, R. P.: J. Am. Oil Chemists, Soc., 28, 375
(1951).

90) el ARMIBEES 44, SRS~V E TV 7, BE
#IE, BB 431~442 (1967).

91) Brink, and M. F. David Kritfhevsky.: Dairy Lipids
and Lipid Metabolism pp.1~233, West Port Con-
necticut The Avi Publishing Company, Inc. (1968).

02) WX BES: LEXBER 2 KEEBRHX
|ithiz, p.13 (19€4).



