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Table 3-1 Formulation of the skim milk powder.

Ingredients Composition (%)
Carbohydrate g P
Protein 34.8
Fat 1.0
Water 4.2
Ash !
Other ingredients %7
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Skim milk powder(300g)

Water(900ml) was added

Homogenate

Simultaneously distillation-extruction

under reduced pressure(60°C, 150mmHg, 1 hours)
Dried over anhydrous sodium sulfate
Concentrated

Odor concentrate(0.2ml)

GC analysis

Fig.3-1 Procedure of separation and concentration of volatile

compounds in skim milk powder by SDE.
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Skim milk powder(300g)
water(900ml) was added

Homogenate

volatiles were adsorbed
(Porapak QQ, 10ml) and
eluted with diethyl ether

Eluate(80ml)

dehydrated with anhydrous
sodium sulfate and
concentrated

Odor concentrate(0.2ml)

GC analysis

Fig.3-2 Procedure of separation and concentration of volatile

compounds in skim milk powder by direct column method.
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Fig.3-3 Gas chromatograms of odor concentrate from skim milk powder obtained by SDE and steam distillation
under reduced pressure-column method.

Fused silica capillary column: DB-WAX, ¢ 0.25mmx60m, Column temp.: 50°C — 230°C (2°C/min)

(A) ; SDE, and (B) ; steam distillation under reduced pressure-column method.
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Table 3-2 Reproducibility of extraction of volatile
flavor compounds from skim milk

powder by SDE*.
Kovats Relative area R.S.D:
index® (%]
1210 0.48 8.2¢
212 0.89 6.5
1276 0.14 8.4
1321 0.44 7.2
1382 0.43 V3
1521 0.14 8.4
1591 0.26 9.5
1743 0.08 11.1
2017 0.27 10.4
2068 0.13 10.5
2301 TZ-25 12.1
2430 0.70 7.5
2733 4.03 6.8
2869 0.35 S5
Average 8.8

* Simultaneously distillation-extraction method under
reduced pressure.

® Modified Kovats indices calculated for DB-Wax
capillary column on the GC system.

¢ Relative standard deviation

¢ Values are obtained on seven times repeated runs.
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Gas chromatogram of odor concentrate from skim milk powder.

Fused silica capillary column: DB-WAX, ¢ 0.25mmx60m
Column temp.: 50°C — 230°C (2°C/min)
L.S. ; internal standard.
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Table 3-3  Volatile flavor compounds identified in skim milk powder.

4

Peak Compounds Kovats index® Content [ppb)

carbon disulfide 791 1.1

2 ethyl formate 825 3.4
3 ethyl acetate 888 9.4
4 nonane 906 32
5  ethanol 947 10.9
6 unknown 977 1.0
7  3-methylnonane 983 0.7
8  octamethylcyclotetrasiloxane 988 3.4
9  2-pentanone and diacetyl 993 1.9
10 2-methyl-3-buten-2-ol 1040 2.9
11 toluene 1049 %5
12 2,5-dimethylnonane 1059 0.8
13 unknown 1082 3.2
14 hexanal 1085 2.3
15  undecane 1099 19
16  1-methyl-4-(1-methylethyl)-cyclohexane 1122 1.0
17 (H-3-penten-2-one 1133 1.2
18  ethylbenzene 1138 1.9
19 pxylene 1156 2.3
20 m-xylene 1158 0.9
21 oxylene 1169 1.3
22 unknown 1173 %3
23 (1-methylethyl)-benzene 1181 1.4
24 2-heptanone 1185 8.8
25  d-limonene 1193 52.4
26 propylbenzene 1203 6.0
27 m-ethyltoluene 1221 37.1
28 1,3,5-trimethylbenzene 1241 15.0
29  yterpinene 1244 0.6
30 1-pentanol 1252 0.4
31  2,10-dimethylundecane 1254 0.5
32 o-ethyltoluene 1258 10.6
33 2,9-dimethylundecane §262 0.8
34 pcymene 1265 1.0
35  1,2,4-trimethylbenzene 1278 57.0
36 octanal 1287 LS
37  tridecane 1293 13.4
38  p-propyltoluene 1297 1.3
39  1,3-diethylbenzene 1302 2.0
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Table 3-3 Continued.

40  7-methyl-3-octen-2-one 1897 L9
41  2-methyl-3-octanone 1322 L3
42 2,2,4-trimethylpentanol 1326 e
43 -1,2,3-trimethylbenzene 1551 12.4
44 unknown 1336 -2
45  2,3-dimethyl-2,3-butandiol 1338 2
46 5-methyltridecane 1342 0.8
47 1,1,3,3-tetracthoxypropane 1347 22
48  4-ethyl-1,2-dimethylbenzene 1354 4.0
49  1-ethyl-2,3-dimethylbenzene 1362 6.9
50  2,3-dihydro-1H-indene 1365 5.4
51  2-nonanone, nonanal and tetradecane 1591 299
52 2-butoxyethanol and (£)-3-octen-2-one 1411 1.2
53  1,2,3,4-tetramethylbenzene and

3-methyltridecane 1430 1.0
54  (£)-2-octenal 1435 1.9
55  4-ethyl-mxylene 1441 1.0
56  1,4-dichrorobenzene 1450 0.8
57  unknown 1455 9
58  acetic acid and 1-octen-3-ol 1459 2.3
59  2-furfural 1465 2.6
60  6-methylheptyl acrylate 1480 1.7
61  2-ethylhexanol and e-copaene 1491 5.4
62  pentadecane 1494 14.2
63  1H-pyrrole 1§y 7 Bt
64  (E,B-3,5-octadien-2-one 1517 0.6
65  benzaldehyde 1522 10.7
66  (F)-2-nonenal 1536 1.7
67  unknown 1542 3.0
68  1-pentadecene 1550 1.3
69  linalool 1552 1.1
70  G-propyltridecane 1559 1.1
71 l-octanol 1565 2.0
72 (E,2)-3,5-octadien-2-one 1578 1.4
73 limonene oxide 1586 1.0
74  (E,2-2,6-nonadienal 1590 0.5
75  2-undecanone 1596 8.1
76 hexadecane 1599 4.3
77 2-formyl-1-methylpyrrole 1620 1.4
78  N-methylacetamide 1623 2.3
79  ethylene glycol 1635 2.7
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Table 3-3 Continued.

80
81
82
83
84
85
86
87
88
89
90
ol
2
93
94
95
96

D7

98

99
100
101
102
103
104
105
106
107
108
109
110
111
K2
113
114
115
116
117
118
119

(A-2-decenal

B-caryophyllene

acetophenone
2-furanmethanol

cyclohexyl isothiocyanate
salicylaldehyde

heptadecane

2-dodecanone

dodecanal

unknown

N-butyl- Mnitrosobutanamine
azulene

a-cubebene and 1-decanol
3-methylheptadecane

N, N-dibutylformamide
unknown

diethyleneglycol butylester and
4'-hydroxy acetphenone
octadecane
N,N-dibutylacetamide
2-tridecanone

tridecanal

naphtodioxane

silanoid compound
calamenene

l1-octadecene

hexanoic acid

geranyl acetone
2',3",4'-trimethylacetophenone
(£)-tridecenal

(A)-tridecenal

unknown

2,6-di-ters-butyl- p-cresol (BHT)
tetradecanal and unknown
Bionone and 1-nonadecene
2-ethylhexanoic acid and heptanoic acid
benzothiazole and unknown
1-dodecanol

unknown

2-tridecanol
3,7-dimethyl-1,7-octanediol

171 -

1644
1653
1655
1667
1670
1674
1697
1704
1708
1714
1722
1740
1748
1754
1767
1771

1786
1801
1813
1817
1821
1827
1836
1841
1848
1855
1858
1861
1881
1886
1897
1921
1927
1938
1950
1962
1977
1982
1986
1988

21
12
1.3
225
16.7
1.6
5.0
1.4
21
4.4
2.1
2.9
4.5
1.8
2
2.6

7.6
1.4
BE7.
11.6
4.7
6.6
2
L7
27
35.6
1.9
3.7
0.9
27.4
4.9
12789
38.6
3.0
3.8
8.8
27
2.8
3.5
4/



Table 3-3 Continued.

120
121
122
125
124
125
126
127
128
129
130
131
132
133
134
135
136
197
138
139
140
141
142
143
144
145
146
147
148
149
150
151
152
153
154
155
156
157
158
159
160

(&)-tetradecenal
phenol
methyl myristilate

‘methyl N, N-dimethyldithiocarbamate

unknown
2-pentadecanone
pentadecanal

unknown

nerolidol
9-acetoanthrasene
octanoic acid

m-cresol

p-cresol

unknown
2-tert-butylindole
hexadecanal
2-oxo-1-methyl-3-isopropylpyrazine
2-undecanone- O-methyloxime
nonanoic acid

fatty acid

&-cadinol

&decanolactone

methyl palmitate

cadalene

2-heptadecanone

G- tert-butyl- m-cresol
decanoic acid
2,4-di-tert-butylphenol
&undecanolactone
10-undecenoic acid
undecanoic acid and 1-hexadecanol
ydodecanolactone
unknown
¥2-dodecenolactone
indole

methyl stearate
&dodecanolactone
dodecanoic acid
dihydrophyrtol
1,13-tridecanolide
11-methyldodecanoic acid
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1997
2004
2008
2012
2020
2028
2042
2049
2050
2059
2075
2091
2099
2108
2151
237
2160
2163
77
2187
222
2291
2233
2242
2255
2260
2300
2521
2329
2351
2400
2409
2422
2428
2435
2445
2458
2507
2537
2548
2555

6.7
1.6
1.6
1.6
k7
24.3
1.5
1.3
2.7
1.4
405.5
4.2
2.9
18.2
13.8
3.0
V.5 4
4.4
19.8
14.4
8.5
2AN
8.9
24
10.5
¢l
1586.6
57.0
0.7
118.3
43.4
38.0
4.5
16.1
2.8
9.3
60.5
1928.2
2.8
26.7
15.0



Table 3-3 Continued.

161  1l-dodecenoic acid 2565 24.1
162 fatty acid (C,3) 25771 6.8
163  l-octadecanol and tridecanoic acid 2603 34.4
164  2-pentadecanone- O-methyloxime 2619 4.5
165  p-phenylaniline and jytetradecanolactone 2636 6.2
166 (E)-phytol 2646 4.1
167  12-methyltridecanoic acid 2657 29
168  unknown 2685 5 74
169  (2)-9-octadecenal 2693 5.1
170 &-pentadecanolactone 2703 8.9
171 myristic acid 2733 2293.3
172 unknown 2757 6.2
173 myristoleic acid 2768 191.8
174 13-methyltetradecanoic acid 2776 6.4
175  12-methyltetradecanoic acid 2789 61.2
176 pentadecanoic acid 2821 183.6
177 2-heptadecanone- O-methyloxime 2827 10.5
178  dioctyl adipate 2846 3.8
179 unknown 2855 7.8
180  14-methylpentadecanoic acid 2861 5.6
181 N,N-dibutylhexanamide 2869 19.4
182 &heptadecanolactone 2903 3.8
183  palmitic acid 2946 1766.8
184  palmitoleic acid 2960 179.8
185  15-methylhexadecanoic acid 2980 10.5
186 16-hexadecanolactone 2990 14.5
187 unknown 2998 21.0
188  heptadecanoic acid 5027 16.6
189  unknown 3055 6.4
190  heptadecenoic acid 3062 12.0
191  unknown 3068 8.5
192 unknown 3079 7.1
193 unknown 3099 2:9
194  unknown J15 7l
195  stearic acid 3136 776
196 oleic acid 3173 2815

total 11810.9

* Peak number in Fig.3-4.
® Modified Kovats indices calculated for DB-Wax capillary column on the GC
system.
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Fig.3-S Gas chromatograms of odor concentrate from normal and off-flavored skim milk powder.

Fused silica capillary column: DB-WAX, ¢ 0.25mmx60m, Column temp.: 50°C — 230°C (2°C/min)
(A) ; normal skim milk powder, (B) ; off-flavored skim milk powder, and L.S. ; internal standard.



Table 3-5 Comparison of contents of volatile flavor compounds in normal

and off-flavored skim milk powder.

Content [ppb]
Peak Compounds Kovats
index® Normal Off-flavored Ratio®

carbondisulfide 791 1.1 0.4 0.4
2 ethyl formate 825 3.4 4.7 1.4
3 ethyl acetate 888 9.4 14.0 1.5
4 nonane 906 3.2 555 0.8
5 ethanol 947 10.9 8.7 0.8
6 unknown ST 1.0 n.d?
7 3-methylnonane 983 0.7 7 2e
8 octamethylcyclotetrasiloxane 988 3.4 LY k=
9 2-pentanone and diacetyl 993 1.9 1.4 0.7
1A decane 1018 n.d. 0.7
2A  trichloromethane 1034 n.d. 0.6
10 2-methyl-3-buten-2-ol 1040 229 19 0.6
11 toluene 1049 ) 395 1.5
12 2,5-dimethylnonane 1059 0.8 0.7 0.9
13 unknown 1082 W 1.6 0.5
14  hexanal 1085 i 0.7
3A  2-methyl-1-propanol 1095 n.d. 1.0
15 undecane 1099 1.9 1.3 0.7
16 1-methyl-4-(1-methylethyl)-cyclohexane 1122 1.0 1.0 1.0
17 (2)-3-penten-2-one 1133 1 195 1.1
18  ethylbenzene 1138 1.8 1.6 0.8
19  pxylene 1156 2.3 1.0 0.4
20  m-xylene 1158 0.9 0.3 0.4
21 o-xylene 1165 ) #5) n.d.
22 unknown 72 7.3 16.3 Dol
23 (1-methylethyl)-benzene 1181 1.4 tr
24 2-heptanone 1185 8.8 S 1.0
25 d-limonene 1193 52.4 11.4 0.2
26  propylbenzene 1203 6.0 Il 1.0
4A  pethyltoluene 1221 n.d. 9.8
27 m-ethyltoluene 1221 37.1 23.4 0.6
28 1,3,5-trimethylbenzene 1241 15.0 12.6 0.8
29  pterpinene 1244 0.6 0.8 1:2
30 1-pentanol L2502 0.5 0.7 L5
31 2,10-dimethylundecane 1254 0.5 0.8 1.6
32 o-ethyltoluene 1258 10.6 10.3 1.0
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Table 3-5 Continued

33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
5A
49
50
51
52
53

54
55
0A
56
b
58
59
60
601
62
7A
63
64
65
066
67
68
69

2,9-dimethylundecane
p-Cymene
1,2,4-trimethylbenzene
octanal

tridecane

ppropyltoluene
1,3-diethylbenzene
7-methyl-3-octen-2-one
2-methyl-3-octanone
2,2,4-trimethylpentanol
1,2,3-trimethylbenzene
unknown
2,3-dimethyl-2,3-butandiol
5-methyltridecane
1,1,3,3-tetraethoxypropane
4-ethyl-1,2-dimethylbenzene
3-methyltridecane
1-ethyl-2,3-dimethylbenzene
2,3-dihydro-1H-indene

2-nonanone, nonanal and tetradecane

2-butoxyethanol and (£)-3-octen-2-one

1,2,3,4-tetramethylbenzene and
3-methyltridecane
(E)-2-octenal

4-ethyl- mxylene
2,6,10-trimethyldodecane
1,4-dichrorobenzene
unknown

acetic acid and 1-octen-3-ol
2-furfural

6-methylheptyl acrylate
2-ethylhexanol and a-copaene
pentadecane

unknown

1 H-pyrrole
(E,B)-3,5-octadien-2-one
benzaldehyde

(F)-2-nonenal

unknown

1-pentadecene

linalool

185

1262
1265
1278
1287
1293
1297
1302
1517
1322
1326
1331
1336
1338
1342
1347
1354
1358
1362
1365
1391
1411

1430
1435
1441
1448
1450
1455
1459
1465
1480
1491
1494
1504
1UZ
1587
1522
1536
1542
1550
1552

0.8
1.0
57.0
1.5
13.4
1.8
240)
1.9
1.5
i3
12.4
1.2
1.2
0.8
252
)
n.d.
6.9
5.4
27.8
1.2

1.0
1.9
0
n.d.
0.8
1=
2.5
2.6
157
5.4
14.2
n.d.
0.7
0.6
10.7
1.7
3.0
133
1.1

1.0
0.6
), V.
2.4
16.2
1.6
2.1
2.1
4.0
tr
13.3
1.6
1.2
13
1.6
Al
1.7
5.5
23
30.8
1.7

25
3.4
0.8
1.1
1.4
1.0
3.5
37
5.4
6.5
13.8
2.8
2.0
3.4
97
7l
tr
n.d.
35

1.2
0.7
0.9
1.6
1.2
k2
1.1
1.1
2.6

1.1
1.3
1.0
l/é
0.7

0.8
0.4
iy
1.4

25
1.8
0.8

1.8
0.5
1.4
1.4
352
1.2
1.0

3.0
6.1
0.9
4.1

32



Table 3-5 Continued

70
by
8A

72
9A
73
74
r)
76
10A
44
78
79
80
81
82
11A
83
84
85
86
87
88
89
90
12A
91
92
9%
94
95
96

W
98
99
100
101
102
103

6-propyltridecane
1-octanol
1-methyl-4-methylethyl-(£)-
2-cyclohexcenol
(E,2)-3,5-octadien-2-one
2-benzyl-1,3-dioxolane
limonene oxide
(E,2)-2,6-nonadienal
2-undecanone
hexadecane

undecanal
2-formyl-1-methylpyrrole
N-methylacetamide
ethylene glycol
(2)-2-decenal
P-caryophyllene
acetophenone
4-methylhexadecane
2-furanmethanol
cyclohexyl isothiocyanate
salicylaldehyde
heptadecane
2-dodecanone

dodecanal

unknown

N-butyl- Mnitrosobutanamine
unknown

azulene

o-cubebene and 1-decanol
3-methylheptadecane

N, N-dibutylformamide
unknown
diethyleneglycol butylester and
4'-hydroxy acetphenone
octadecane

N, N-dibutylacetamide
2-tridecanone

tridecanal

naphtodioxane

silanoid compound
calamenene

186

1559
1565

1575
1578
1583
1586
1590
1596
1599
1612
1620
1623
1635
1644
1653
1655
1664
1667
1670
1674
1697
1704
1708
1714
1722
1737
1740
1748
1754
1767
1771

1786
1801
1813
1817
1821
1827
1836
1841

k.
2.0

n.d.
1.4
fuacl:
1.0
0.5
8.1
4.3
n.d.
1.4
2.3
2.7
28l
1.2
1.3
n.d.
22.5
167
1.5
5.0
1.4
231
4.4
2.1
n.d.
2.9
4.5
1.8
1127
2.6

7.6
1.4
5.7
11.6
4.7
6.6
2l
L7

1.4
57

1.1
4.1
@i
4.8
1.6
17.0
tr
1.5
1.5
29
3.1
2.4
50.4
n.d.
2.4
20.7
26.8
3.6
5.8
2.5
4.9
4.1
L7
31.0
4.2
75
2.2
1.6
3.3

2
10.5
57
16.5
3.2
8.4
29
1.0

1.2
1.8

3.0

4.8
3.0
2.4

I |
2
1.2
.2
41.3

0.9
1.6
25
1.2
1.8
2.3
0.9
1.3

1.5
1.7
1.2
¥.3
1.3

1.0
7.4
1.0
1.4
0.7
=%
1.4
0.6



Table 3-5 Conrtinued

104
105
106
107
13A

108
109
14A

110
111
112
113
114

115
116
117
118
119
120
121
12
123
124
125
126
127
128
129
130
131
132
133
15A
134
135
16A
136
137

1-octadecene

hexanoic acid

geranyl acetone

2',3",4 -trimethylacetophenone
3-hydroxy-2,4,4-trimethyl
2-methylpropanoate
(£)-tridecenal

(2)-tridecenal
2,2-dimethyl-1-(2-hydroxy-1-methyl-
ethyl) propyl 2-methylpropanoate
unknown

2,6-di-tere-butyl- p-cresol (BHT)
tetradecanal and unknown
B-ionone and 1-nonadecene
2-ethylhexanoic acid and
heptanoic acid

benzothiazole and unknown
1-dodecanol

unknown

2-tridecanal
3,7-dimethyl-1,7-octanediol
(2)-tetradecenal

phenol

methyl myristilate

methyl N, N-dimethyldithiocarbamate
unknown

2-pentadecanone

pentadecanal

unknown

nerolidol

9-acetoanthrasene

octanoic acid

m-cresol

p-cresol

unknown

methyl pentadecanoate
2-tert-butylindole

hexadecanal
2,3-dihydroquinoline
2-oxo0-1-methyl-3-isopropylpyrazine
2-undecanone- O-methyloxime

= 187

1848
1855
1858
1861

1875
1881
1886

1894
1897
1921
1927
1938

1950
1962
1977
1982
1986
1988
1997
2004
2008
2012
2020
2028
2042
2049
2050
2059
2075
2091
2099
2108
2124
2131
2137
2151
2160
2163

2.7
35.6
)
57

n.d.
0.9
27.5

4.9
1273.9
38.6
3.0

3.8
8.8
AN/,
2.8
59
2.7
6.7
1.6
1.6
1.6
1.7
24.3
15
i3
2
1.4
405.5
4.2
a5
18.2
n.d.

13.8
3.0

A7
4.4

.
Lk
2.8
%3

774
5.4
12.6

23
2.9
1251.0
41.8
1

4.6
8.8
k3
4.5
ks
1.6
&1
tr
4.5
1.4
tr
28.9
3.4
3.6
3.0
152
140.1
3.0
2.0
B3
6.6
15.9
1.2
3.6
2.2
6.7

1.0
0.3
1.5
0.6

6.4
0.5

0.6
1.0
L.
1.0

1.2
1.0
0.5
1.6
1.1
0.6
1.2

2.8
0.9

j
2.3
2.8
1.1
0.9
0.3
0.7
0.8
3.9

15
0.6

0.8
§.3



Table 3-5 Continued

138
139
17A
140
141
142
143
18A
144
145
146
147
148
19A
149
150
W5l
20A
152
153
154
155
156
157
158
159
160
161
162
163
164
165

166
167
168
169
170
A |
172
173

nonanoic acid

fatty acid

1-tetradecanol

&-cadinol

&-decanolactone

methyl palmitate
cadalene
4-tert-butyl-o-cresol
2-heptadecanone
6-tert-butyl- m-cresol
decanoic acid
2,4-di-tert-butylphenol
&undecanolactone
(2)-9-tricosene
10-undecenoic acid
undecanoic acid and 1-hexadecanol
¥-dodecanolactone
unknown

unknown
¥2-dodecenolactone
indole

methyl stearate
&dodecanolactone
dodecanoic acid
dihydrophytol
1,13-tridecanolide
11-methyldodecanoic acid
11-dodecenoic acid

fatty acid (C,3)
1-octadecanol and tridecanoic acid
2-pentadecanone- O-methyloxime
p-phenylaniline and
ytetradecanolactone
(E)-phytol
12-methyltridecanoic acid
unknown
(2)-9-octadecenal
&-pentadecanolactone
myristic acid

unknown

myristoleic acid

188

2177
2187
2204
2242
2221
2233
2242
2254
2255
2260
2300
2321
2329
2347
2351
2400
2409
2417
2422
2428
2435
2445
2458
2517
2587
2548
2555
2565
2571
2603
2619

2636
2646
2657
2685
2693
2703
2785
2757
2768

19.8
14.4
n.d.
)
250
fo. .
2.0
mld!
10.5
b} |
1586.6
57.0
0.7
fidl.
118.3
43.4
38.0
n.d.
4.5
16.1
2.8
%
60.5
192852
2.8
26.7
15.0
24.1
6.8
34.4
4.5

6.2

4.1
29.9
3.7

ol
589
2293.3
6.2
191.8

12.4
13.5
3.5
g
2913
<174
4.1
5.2
e
n.d.
591.5
1732
1.6
3.4
37.4
29.4
8.1
14.7
n.d.
",
8.4
10.5
33.4
735.2
42.9
22240
253
23.0
20
o)
19.1

33.7
tr
36.5
213
54.2
115
854.0
11.5
422

0.6
0.9

0.5
0.9
0.9
2.0

0.4

0.4
0.3
2.4

0.3
0.7
0.2

0.3
3.0
L
0.6
0.4
15.4
0.8
L7
1.0
0.3
1.6
4.2

5.5

12
5.8
10.6
0.3
0.4
L3
0.4



Table 3-5 Continued

174
175
21A
176
177
178
22A
179
180
181
182
183
184
23A
185
186
187
188
189
190
191
192
193
194
195
196

13-methyltetradecanoic acid
12-methyltetradecanoic acid
nonylphenpl

pentadecanoic acid
2-heptadecanone- O-methyloxime
dioctyl adipate
ypalmitolactone

unknown
14-methylpentadecanoic acid
N, N-dibutylhexanamide
&-heptadecanolactone
palmitic acid

palmitoleic acid

1-docosanol
15-methylhexadecanoic acid
16-hexadecanolactone
unknown

heptadecanoic acid
unknown

heptadecenoic acid
unknown

unknown

unknown

unknown

stearic acid

oleic acid

total

Peak number in Fig.3-5.

2776
2789
2792
2821
2827
2846
2850
2855
2861
2869
2903
2946
2960
2979
2980
2990
2998
3027
3055
3062
3068
3079
3099
P A0,
3136
3173

63
61.2
n.d.
183.6
1083
3.8
n.d.
7.8
5.6
19.5
3.8
1766.8
179.8
n.d.
10.5
14.5
21.0
16.6
6.4
12.0
8.5
7.1
2.4
Al
77.6
281.5

11810.9

11.5
49.0
12.7
113.5
14.4
Bl
29.6
n.d.
132
16.1
14.6
7397
62.0
24.9
16.6
16.1
16.1
17.3
16.7
1125
2001
37
NS
17.3
69.7
122.0

6646.7

1.8
0.8

0.6
1.4

24
0.8
B2
0.4
0.3

1.6
12
0.8
1.0
2.6
0.9
2.6
1.9
4.7
25
0]
0.4

Modified Kovats indices calculated for DB-Wax capillary column on the GC

system.

Content ratio between normal and off-flavored skim milk powder.

Not detected.
Trace.
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Fig.3-6 Levels of volatile compounds grouped according to chemical class in normal and off-flavored skim milk powder.



Table 3-6 Comparison of contents of fatty acids in normal and

Peak?

58
105
114
130
138
139
146
149
150
157
160
161
162
163
167
171
173
174
175
176
180
183
184
185
188
190
195
196

off-flavored skim milk powder.

Compounds Kovats
index®
acetic acid 1459
hexanoic acid 1855
2-ethylhexanoic acid and heptanoic acid 1950
octanoic acid 2075
nonanoic acid 2077
fatty acid 2187
decanoic acid 2300
10-undecenoic acid 2351
undecanoic acid 2400
dodecanoic acid 2317
11-methyldodecanoic acid 2505
11-dodecenoic acid 2565
fatty acid (C,5) 2571
tridecanoic acid 2603
12-methyltridecanoic acid 2657
myristic acid 2733
myristoleic acid 2768
13-methyltetradecanoic acid 2776
12-methyltetradecanoic acid 2789
pentadecanoic acid 2821
14-methylpentadecanoic acid 2861
palmitic acid 2946
palmitoleic acid 2960
15-methylhexadecanoic acid 2980
heptadecanoic acid 3027
heptadecenoic acid 3062
stearic acid 3136
oleic acid 3173
total

* Peak number in Fig.3-5 and Table 3-5.
Modified Kovats indices calculated for DB-Wax capillary column on the GC

system.

Content [ppb]

Normal Off-flavored Ratio®

d

n.e. flch
35.6 11.5 0.3
3.8 4.6 1.2

405.5 140.1 0.3
19.8 12.4 0.6
14.4 135 0.9

1586.6 591.5 0.4

118.3 37.4 0.3
me: n.e.

1928.2 735.2 0.4
15.0 253 L, 7

24.1 23.0 1.0
6.8 ) 0.3
m.e, n.e

29.9 36.5 182
2293.3 854.0 0.4
191.8 79.2 0.4
6.3 115 L8
61.2 49.0 0.8
183.6 1135 0.6
5.6 3.2 2.4
1766.8 0.7 0.4
179.8 62.0 0.3
108 16.6 1.6
16.6 17.3 1.0
12.0 11.3 0.9
77.6 69.7 0.9
281.5 122.0 0.4

i BTINL 0.4

¢ Content ratio between normal and off-flavored skim milk powder.

4 Not evaluated since the peak contained more than one component.
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Table 3-7 Comparison of contents of lactones in normal and off-flavored

skim milk powder.

Content [ppb]
Peak® Compounds Kovats
index® Normal Off-flavored Ratio®

141  &-decanolactone 2221 iR 25.5 {9
148 S-undecanolactone 2928 0.7 1.6 2.4
151 ydodecanolactone 2409 38.0 8.1 0.2
153  ¥2-dodecenolactone 2428 16.1 4.2 0.3
156 &dodecanolactone 2458 60.5 33.4 0.6
159 1,13-tridecanolide 2548 Pao b 22.0 0.8
165 ytetradecanolactone 2636 n.e! n.e.
170  &-pentadecanolactone 2743 38.9 11.5 0.3
22A  ypalmitolactone 2850 n.d.’ 29.6
182  &-heptadecanolactone 2903 3.8 14.6 2.9
186 16-hexadecanolactone 2990 14.5 16.1 1.1
total 226.8 166.6 0.7

* Peak number in Fig.3-5 and Table 3-5.

® Modified Kovats indices calculated for DB-Wax capillary column on the GC
system.

¢ Content ratio between normal and off-flavored skim milk powder.

¢ Not evaluated since the peak contained more than one component.

¢ Not detected

= & =



Table 3-8 Comparison of contents of aldehydes in normal and

off-flavored skim milk powder.

Content [ppb]
Peak? Compounds Kovats
index® Normal Off-flavored Ratio®

14 hexanal 1085 2.3 L8 0.7
36  octanal 1287 Ls5 2.4 1.6
51 nonanal 1391 n.e! n.e.
54 (FE)-2-octenal 1435 19 3.4 1.8
65 benzaldehyde 1522 10.7 98 0.9
66  (£)-2-nonenal 1536 i 7.1 4.1
74 (E,2)-2,6-nonadienal 1590 0.5 1.6 3.0
10A  undecanal 1612 md.t 1.5
80 (2)-2-decenal 1644 2.4 2.4 W2
85 salicylaldehyde 1674 5 3.6 %3
88 dodecanal 1708 P 4.9 %,
100 tridecanal 1821 4.7 3.2 0.7
108  (£)-tridecenal 1881 0.9 5.4 6.4
109  (2)-tridecenal 1886 27.5 12.6 0.5
112 tetradecdmal 1927 n.e. n.e.
120  (A-tetradecenal 1597 6.7 8.1 1.2
126  pentadecanal 2042 1.5 3.4 2.3
135 hexadecanal 21557/ 3.0 1.7 0.6
169 (2)-9-octadecenal 2693 g1 54.2 10.6
total 73.6 126.1 L7

* Peak number in Fig.3-5 and Table 3-5.

® Modified Kovats indices calculated for DB-Wax capillary column on the GC
system.

¢ Content ratio between normal and off-flavored skim milk powder.

¢ Not evaluated since the peak contained more than one component.

¢ Not detected
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Table 3-9 Comparison of contents of alcohols in normal and

Peak’

10
3A
30
42
45
52
58
61
69
71
8A

&

92
116
118
119
128
17A
140
150
158
163
166
23A

off-flavored skim milk powder.

Compounds

ethanol
2-methyl-3-buten-2-ol
2-methyl-1-propanol
1-pentanol
2,2,4-trimethylpentanol
2,3-dimethyl-2,3-butandiol
2-butoxyethanol
1-octen-3-ol
2-ethylhexanol

linalool

1-octanol
1-methyl-4-methylethyl-
(£)-2-cyclohexenol
ethylene glycol

1-decanol

1-dodecanol
2-tridecanol
3,7-dimethyl-1,7-octanediol
nerolidol

1-tetradecanol

&-cadinol

1-hexadecanol
dihydrophytol
1-octadecanol
(£)-phytol

1-docosanol

total

Kovats

index®

947
1040
1095
1252
1326
1338
1411
1459
1491
1552
1565

1575
1635
1748
1977
1986
1988
2050
2204
2212
2400
2537
2603
2646
279

Content [ppb]

Normal Off-flavored Ratio®

10.9 8.7 0.8
2.9 115 0.6
n.d? 1.0
0.5 0.7 1.5
1.3 tr
1 W2 1.0
n.ef n.e.
n.e. n.e.
n.e. n.e.
b1 3.5 3.2
2.0 PV 1.8
n.d. 1.1
2.7 3.1 L
n.e. n.e.
%7 4.5
845 3.7 I
y W2 1.6 0.6
2.7 3.0 1.1
n.d. )
8.5 3.9 0.5
n.e. n.e.
2.8 429 15.4
n.e. n.e.
4.1 tr
n.d. 24.9

49.6 113.0 2.3

Peak number in Fig.3-5 and Table 3-5.

Modified Kovats indices calculated for DB-Wax capillary column on the GC

system.

Content ratio between normal and off-flavored skim milk powder.

Not detected
Trace

Not evaluated since the peak contained more than one component.



Table 3-10 Comparison of contents of esters in normal and off-flavored

Peak®

(SN

96
13A

14A

122
15A
142
155
178

skim milk powder.

Compounds

ethyl formate

ethyl acetate

6-methylheptyl acrylate
diethyleneglycol butylester
3-hydroxy-2,4,4-trimethyl
2-methylpropanoate

2, 2-dimethyl-1-(2-hydroxy-1-methyl-
ethyl)-propyl 2-methylpropaonate
methyl myristilate

methyl pentadecanoate

methyl palmitate

methyl stearate

dioctyl adipate

total

Kovats

index®

825
888
1480
1786

1875

1894
2008
2124
2233
2445
2846

Content [ppb]

3.4
9.4
1.7

d
n.c.

n.d.

n.d.
1.6

n.d.
39
9o
3.8

301

4.7
14.0
5.4

n.e.

pie |

5.3
4.5
6.6
D

o3

n.d.

57.4

Normal Off-flavored Ratio®

1.4
1.5
3.2

2.8

0.9
Iyl

.7

Peak number in Fig.3-5 and Table 3-5.

Modified Kovats indices calculated for DB-Wax capillary column on the GC

system.

Content ratio between normal and off-flavored skim milk powder.

Not evaluated since the peak contained more than one component.

Not detected
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Table 3-11 Comparison of contents of N containing compounds in

normal and off-flavored skim milk powder.

Content [ppb]
Peak’ Compounds Kovats
index® Normal Off-flavored Ratio®

63 1H-pyrrole 1512 7 2.0 3.0
77  2-formyl-1-methylpyrrole 1620 1.4 n5 1.1
78 N-methylacetamide 1623 2.3 29 L2
84 cyclohexyl isothiocyanate 1670 16.7 26.8 1.6
90 N-butyl- Mnitrosobutanamine 1722 2.3 2.7 1.3
94 N,N-dibutylformamide 1767 L2 1.6 e
98 N,N-dibutylacetamide 1813 B S 1.0
115 benzothiazole 1962 n.e’ n.c.
123  methyl V,N-dimethyldithiocarbamate 2012 1.6 1.4 0.9
134 2-tert-butylindole 2131 13.8 15.9 )
16A  2,3-dimethylquinoline 2151 - iy 3.6
136 2-oxo-1-methyl-3-isopropylpyrazine 2160 %l 22 0.8
137  2-undecanone- O-methyloxime 2163 4.4 6.7 ko
154 indole 2435 2.8 8.4 3.0
164 2-pentadecanone- O-methyloxime 2619 4.5 1941 4.2
165 p-phenylaniline 2636 n.c. n.e.
177  2-heptadecanone- O-methyloxime 2827 10.5 14.4 1.4
181  N,N-dibutylhexanamide 2869 3 16.1 0.8
total 88.0 1291

* Peak number in Fig.3-5 and Table 3-5.

® Modified Kovats indices calculated for DB-Wax capillary column on the GC
system.

Content ratio between normal and off-flavored skim milk powder.

¢ Not evaluated since the peak contained more than one component.

¢ Not detected
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normal off-flavored
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8 Powdery, Fatty, Sour Fatty —
9 mity
10 Sw =, Fatty
I Butter cookie like
‘Fatty, Nutty Peanut butter like 17
13 |—Butter cookie like Rubbery, Fatty — 13
{5]~  butter like Buttery, Sickening < {3

Skim milk like — 16

Fig.3-7 Fractionation of odor concentrate from skim milk powder by TLC.

Plate: silicagel, Solvent: ether-pentane (20:80)
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175

m 183

157 (B)

KI (x100)
Fig.3-8 Gas chromatograms of silicagel TLC fraction 5 of odor concentrare from normal and
off-flavored skim milk powder.

Fused silica capillary column: DB-WAX, ¢0.25mmx60m, Column temp.: 50°C — 230°C (2°C/min)
(A) ; normal skim milk powder, and (B) ; off-flavored skim milk powder.



Table 3-12 Comparison of contents of volatile flavor compounds in
TLC fraction 5 of odor concentrate from normal and

off-flavored skim milk powder.
Relative area [%)]
Peak® Compounds Kovats
index® Normal Off-flavored Ratio

2 ethyl formate 825 0.04 0.13 3.2
3 ethyl acetate 888 0.19 0.51 2.7
4 nonane 906 0.02 0.03 1.9
5 ethanol 947 0.53 0.77 1.4
13 unknown 1082 0.02 0.04 1.8
24 2-heptanone 1185 0.12 0.31 23
25 d-limonene 1193 o 0.03
26 propylbenzene 1203 0.04 5181 2.8
28 1,3,5-trimethylbenzene 1241 tr 0.02
35 1,2,4-trimethylbenzene 1278 0.04 0.06 1.5
36 octanal 1287 tr 0.03
37 tridecane 1293 0.03 0.28 9.4
41  2-methyl-3-octanone 1322 n.d’ 0.02
51 2-nonanone and nonanal 120 0.01 0:23 15.6
52  (E)-3-octen-2-one 1411 tr 0.02
58 l-octen-3-ol 1459 0.04 0.09 45
61 a-copaene 1491 tr 0.03
62 pentadecane 1494 tr 0.04
7A  unknown 1504 n.d. 0.04
65 benzaldehyde 1522 0.09 0.24 2.6
69 linalool 1552 0.02 0.04 1.6
73 limonene oxide 1586 0.02 0.05 2.0
74 (E,2-2,6-nonadienal 1590 tr 0.03
76 hexadecane 5 i) tr 0.02
81  P-caryophyllene 1653 0.06 0.10 1.8
82 acetophenone 1655 0.02 tr
87 2-dodecanone 1704 0.02 0.06 3.0
88 dodecanal 1708 0.01 0.10 A
90  N-butyl- Mnitrosobutanamine 1722 0.02 0.05 3.3
91 azulene 1740 n.d. @21
95 unknown 1771 n.d. 0.07
96  diethyleneglycol butylester 1786 n.d. 0.18
100 tridecanal 1821 0.02 0.14 8.1
101  naphtodioxane 1827 0.02 0.11 p L
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Table 3-12 Continued.

106
108
110
111
142,
113
115
118
120
122
125
126
130
131
133
15A
134
135
17
139
146
150
157
159
160
163
164
165
167
168
170
171
172
173
174
W73
21A
176
181
183
184

geranyl acetone
(E)-tridecenal
unknown
2,6-di-ter-butyl- p-cresol (BHT)
tetradecanal

Bionone
benzothiazole
2-tridecanol
(2)-tetradecenal
methyl myristilate
2-pentadecanone
pentadecanal

octanoic acid

m-cresol

unknown

methyl pentadecanoate
2-tert-butylindole
hexadecanal
2-undecanone-O-methyloxime
fatty acid

decanoic acid

undecanoic acid and 1-hexadecanol

dodecanoic acid
1,13-tridecanolide
11-methyldodecanoic acid

1-octadecanol and tridecanoic acid

unknown
8-tetradecanolactone
12-methyltridecanoic acid
unknown
&-pentadecanolactone
myristic acid

unknown

myristolec acid
13-methyltetradecanoic acid
12-methyltetradecanoic acid
nonylphenpl

pentadecanoic acid

N, N-dibutyl-9-octadecenamide
palmitic acid

palmitoleic acid

204

1858
1881
1897
1921
1927
1938
1962
1986
i) 74
2008
2028
2042
2075
2091
2108
2124
2131
243
2163
2187
2300
2400
2507
2548
2555
2603
2619
2636
2657
2685
2703
2733
2757
2768
2776
2789
2792
2821
2869
2946
2960

tr
0.13
0.04
1.74
0.12
tr
0.07
0.12
0.21
0.04
0.08
0.04
tr
0.08
0.42
n.d.
tr
0.20
0.05
tr
022
0.02
55D
0.06
0.09
0.14
idft
tr
0.30
0.59
0.24
18.84
r
i1
0.14
1.05
n.d.
2.48
0.50
41.77
2.71

0.09
FE9
0.16
3.47
1.06
0.03
0.18
1.23
L.52
0.95
0.79
Q27
0.22
tr
12.40
0.15
230
tr
0.78
0.10
0.64
n.d.
1.78
0.15
0.12
0.07
0.49
2
0.29
0.84
1.68
10.91
0.37
0.94
1.02
0.62
0.37
1.98
0.46
26.68
1.60

11.8
3.2
2.0
8.7

2.7
10.3
9.3
25.8
10.4
7.5

295

16.7

2

0.5
22
L3
0.5

1.0
1.4
6.9
0.6

1.0
7.5
0.6

0.8
0.9
0.6
0.6



Table 3-12 Continued.

185
186
187
188
190
195
196

b

d

15-methylhexadecanoic acid
16-hexadecanolactone
unknown

heptadecanoic acid
heptadecenoic acid

stearic acid

oleic acid

Peak number in Fig.3-8.

2980
2990
2998
3027
3062
3136
3173

0.63
0.20
0.57
0.54
0.59
4.15
15.14

0.60
tr

0.58
0.74
0.19
5.23
9.68

1.0

1.0
1.4
0.3
%
0.6

Modified Kovats indices calculated for DB-Wax capillary column on the GC

system.

Relative area ratio between normal and off-flavored skim milk powder.

Trace.

Not detected.
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Fr.5 of silicagel thin layer chromatogram

100
Fr.G Fr.H B

RT (min) 20 ' 40 | 60 |
Fr.A Fr.B ! Fr.C 'Fr.D! Fr.E B

BRI ¢ o R R SIS,
o

Fig.3-9  Fractionation of silicagel TLC fraction 5 of odor concentrate from skim milk powder

by preparative GC.



L0T

Table 3-13  Odor characteristics of fractions obtained by preparative GC from TLC

fraction 5 of odor concentrate from skim milk powder.

Odor characteristics

Fraction®
Normal Off-flavored

A None Powdery, Skim milk like
B Wet paper like, Aldehydic Skim milk like, Aldehydic
& Green, Skim milk like, Aldehydic Cowhouse like, Metallic, Aldehydic
D Skim milk like Skim milk like
E Weak Weak
F Burnt Burnt
G Aldehydic Putrid, Rancid, Sickening
H Burnt Burnt

None None

* Those in Fig.3-9.
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(A)

1 rtetradecanal

Cowhouse like

0.07%
2 [Bionone
Cowhouse like
(B)
1.06%
3  benzothiazole
0.03% Cowhouse like
0.18%
3
55 60

R.T. (min)

Fig.3-10 Comparison of Fr.C from normal and off-flavored

skim milk powder.

(A) ; normal, and (B) ; off-flavored.
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