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Effect of freeze storage on the volatiles of butter

By Magda A. Abdel-Mageed and Hoda H.M. Fadel
Dept. of Flavour and Aroma. National Research Centre, Cairo Egypt.

RESUMEN

Efecto del almacenamiento en estado congelado sobre los vola-
tiles de mantequilla.

Se han estudiado los cambios en los componentes volatiles de tres
muestras de mantequilla durante su almacenamiento en estado congelado
por siete meses y medio.

El almacenamiento tuvo un efecto significativo en los componentes car-
bonilos y lactonas analizadas. El aumento en el rendimiento de los carbo-
nilos causado por la peroxidacién de &cidos grasos insaturados se tomé
como indicador en la deterioracién de las muestras de mantequilla durante
el almacenamiento.

PALABRAS-CLAVE: Almacenamiento en estado congelado —
Componentes voldtiles — Mantequilla.

SUMMARY

Effect of freeze storage on the volatiles of butter

The changes in the volatile components of three butter samples during
freeze storage for 7.5 months were studied.

The storage had a significant effect on the carbonyl and lactone
components analyzed. The increase in the yield of the carbonyls caused by
peroxidation of unsaturated fatty acids was taken as indicator for the
deterioration of the butter samples during storage.

KEY-WORDS: Butter — Freeze storage — Volatile components.

1. INTRODUCTION

Butter is undoubtedly one of the most important foods of
man. In addition to its dietary value, it has a pleasant
aroma.

The identification of a total of 233 compounds in the
volatile fractions of butter and butter oil has been reported
(1). Stark and his group (2-5) detected the compounds
contributed to the flavour of butter oil. They concluded
that decanoic acid, lauric acid, 8-octalactone, 3-decalactone,
indol and skatole played an important role in the flavour of
butter oil.

On the basis of the actual concentration to threshold
ratios, butyric and hexanoic acid make no flavour
contribution to butter investigated by Urbach et al (6). On
the other hand Mick et al (7) suggested that, diacetyl,
hexanoic acid and §-decalactone determined the aroma, as
their concentrations exceeded their sensory thresholds.

The effect of storage on the butter flavour were studied
(8). Badings (9) found a complex mixtures of carbonyl
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compounds in butter after the cold storage. More recently
Widder et al. (10) studied the change in the flavour of
butter oil during storage at room temperature for 43 days.
They found that among the volatiles formed by lipid
peroxidation 1-octene-3-one, 2-nonenal and 1,5-octadiene-
3-one showed the greatest increase during storage.

The object of the present work was to detect the effect
of freeze storage for 7.5 months on the volatiles of three
different butter samples.

2 . MATERIALS AND METHODS
2.1. Samples

The samples used were local fresh cows butter (C)
and local fresh buffaloe’s butter (B). Kindly supplied by
the Animal Production Research Statiroduct of the spring
season 1993. The imported butter (I) purchased from local
market product of E.E.C. g )

The three butter samples were stored in deep freeze at
-18°C for 7.5 months. Samples of each butter were taken at
various time periods (1.5,3,4.5,6 and 7.5 months). A sample
of each butter before storage (0.0 month) was taken as
control.

2.2. Isolation of volatiles

The volatiles were separated from each butter sample
(200 g) by using the techniques of vacuum steam distillation
according to Sike and Lindsay (11). Volatiles were
recovered by diethyl ether, dried over anhydrous Na,SO,
and concentrated on a Vigreux column (60x1 cm).

2.3. Fatty acid composition
Butter fat was separated from each butter sample by

melting, decanting and filtering. The fatty acid methyl ester
of each sample was prepared (12).

2.4. Gas Liquid Chromatographic (GLC) analysis

Quantitative analysis of the volatiles and the fatty acid
methyl esters of each sample were performed by GLC. The
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separated components were identified by comparing their
retention times with those of authentic samples which were
purchased from Aldrich chemical Co.,.

A varian 3700 gas chromatograph equipped with flame
ionization detector and computing integrator was used
under the following conditions:

9mx3mm D Stainless-steel column, packed with 15%
polyethylene glycol adipate (PEGA) on 60-80 mesh
chromosorb W; carrier gas (N,) flow rate 30 ml/min; injector
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temperature, 220°C; detector temperature 250°C, oven
temperature, (programming) 70-190°C (4°C/ min).

3. RESULTS AND DISCUSSION

The principal volatile components of the three
investigated samples, cow’s butter (C), buffaloe’s butter
(B) and imported butter (1) stored in the deep freeze for 0.0
(control), 1.5,3,4.5,6 and 7.5 months are reported in Table I.

Changes in the volatile components of three butter samples during storage in deep-freeze for 7.5 months

Local Buffaloe’s butter (B)

Peak Local Cow’s butter (C) . . Imported butter (I)

tR ' ' Components
No. 00 15 30 45 60 75 | 00 15 30 45 60 75 | 00 15 30 45 60 75

control month month month month month | control month month month month month | control month month month month month
| |

1 267 743 355 343 093 161 080 E 333 191 110 091 006 561 E 627 305 100 050 046 021 Diacetyl
2 314 004 020 38 030 500 T ! T 003 069 508 080 107 ! 009 016 005 1.18 150 200 1-Hexene-3-one
3 33 009 041 201 600 1032 1419 ' T 004 062 225 460 509 ! 053 100 088 1.09 1021 1451 Pentanal
4 349 027 3541 3466 2879 2340 601 ! - 355 507 605 1035 506 ! 141 218 198 208 2650 1099 2-Pentenal
5 45 T 008 012 301 1809 2025 ! 008 205 010 509 1589 1704 ! 1.02 065 177 521 4000 4741 Hexanal
6 543 T 800 1239 699 215 141 | 002 2517 303 601 1501 027 | 238 309 125 162 071 012 2-Hexenal
7 548 T 740 411 467 360 462 | - 646 028 051 800 013 } 111 106 015 020 191 088 Hexenol
8 550 T T 216 272 268 256 ! 014 003 015 200 141 005 ! 208 019 018 090 1.09 095 Heptanone
9 55 T T 287 215 268 109 | - 311 555 049 855 016 | 018 1105 800 9.04 209 T  Heptanal
10 555 352 218 772 155 338 441 | 200 202 912 214 450 074 | 206 226 192 223 180 1.02 Butyricacid
1 668 - T 017 150 190 220 | 222 047 020 102 211 132 | 020 553 1001 980 123 105 Heptenal
12718 . . - - . - T - . . -y - - . - - -
13 883 - T 016 012 T 0t } 010 005 028 002 002 - | 011 1089 005 008 007 003
14 945 - T 079 043 002 008 ; 005 007 051 060 048 032 ; 032 002 004 173 001 010 2Octenal
15 1088 342 391 266 100 205 108 i T 346 145 346 300 862 | 304 437 229 100 201 1.07 Hexanoicacid
16 11.97 - 003 205 155 001 - | 254 104 195 102 T 001 | 013 316 201 008 047 004 24Heptadienal
17 1202 011 - 068 T 00 bo- 042 128 - - 031, 015 109 004 009 - -
18 1205 166 - 040 T - - 100 095 18 - - 02 ;046 - - T - -
19 1243 048 051 101 176 211 299 | 002 004 037 031 039 116 | 183 072 064 108 150 104 1-Octene-3-one
20 1221 051 050 188 500 049 101 i 032 012 034 - 004 022 | 248 020 032 028 - -
21 1397 007 001 001 009 T T E - 079 -027 020 004 016 E 016 019 024 007 003 017 Nonanal
2 1635 002 003 037 009 013 016 : 005 013 035 060 053 024 1 319 005 016 T 021 027 2Nonenal
23 1815 . - 021 280 041 019 v - 145 085 106 003 074 1 061 056 081 034 002 018 24-Nonadienal
24 2007 . - . . S . . . . <o - . . S - ’
25 2053 090 - 009 003 02 045 E 045 026 093 058 115 078 E 3755 048 0.6 039 017 043
26 2142 065 001 045 007 022 067 ! 028 020 218 116 075 128 ! 026 001 021 001 046 042 2,4-Decadienal
21 2360 . - - - 086 ! - 045 049 032 071 128 ! 024 117 004 001 026 027
28 2405 147 007 016 001 - 067 ! 285 016 063 109 025 028 ! 040 016 006 052 016 006 Undecanone
29 2537 031 - 002 102 067 - ! 12 135 926 078 003 05 ! 238 034 039 016 028 017
30 2636 003 005 016 547 095 090 ! 026 023 1284 152 022 051 ! 017 022 007 016 060 027 Undecadienal
31 2820 044 003 013 - - 009 } 040 018 167 004 059 038 ! 015 026 033 0.16 003
%2 209% 103 003 022 011 089 024 | 035 017 064 198 - 022 | 141 006 003 047 042 001 Dodecanone
33 315 614 008 039 050 162 024 | 1460 053 083 094 049 020 | 152 044 017 3818 007 009 §Octalactone
34 3360 109 007 027 030 123 014 | 400 028 295 619 028 002 | 327 052 4304 159 061 006 Octanoic acid
3% 3546 200 - 009 - 004 016 ; - 520 526 400 - 001 | - 013 026 152 001 002
3 3630 142 200 003 030 010 086 , 148 084 225 829 048 065 | 397 147 020 191 043 049 5Decalactone
37 3820 240 364 046 010 032 T | 200 08 025 675 0% 003 | 184 028 185 048 006 008
3 4081 079 T 010 326 259 189 | 100 033 025 142 003 071 | T 090 063 238 009 T  Dodecadienal
39 4150 3830 826 129 517 447 2444 | 30.30 200 778 538 927 299 | 1020 177 324 191 183 1169 5-Dodecalactone
40 443 011 - 064 017 165 311 1 1006 187 002 052 197 2821 i 233 040 344 169 0.42 046 yDodecalactone
41 4660 111 339 052 455 348 107 ! 207 285 216 340 382 209 E 143 343 260 273 023 084 Decanoic acid
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Table I. (Contd.)
Peak Local Cow’s butter (C) ! Local Buffaloe’s butter (B) ! Imported butter (1)
tp ! ! Components
No. 00 15 30 45 60 75! 00 15 30 45 60 75 ! 00 15 30 45 60 75
control month month month month month ! control month month month month month ! control month month month month month
1 1
U ]
£ 447 031 300 416 147 014 - E 070 232 221 140 028 219 | 096 237 199 026 053 ——
43 4850 - - 020 122 048 024 : 171 625 318 262 157 047 i - 355 - 296 065 T
44 4960 355 549 026 039 039 058 b 739 351 365 251 053 080 E 090 169 162 1.38 053 042 §Tetradecalactone
45 5070 064 190 032 023 024 005! 253 188 285 176 046 214 ! 048 113 188 004 046 036 Ethyiteradecanoic acid
46 5190 011 200 032 019 073 038! - 52 105 259 019 160 . 051 176 008 015 061
47 5340 352 337 081 101 075 - ! 006 637 630 022 071 123 ! 002 095 075 043 045
48 5660 078 114 T 002 T - 1 03 224 200 601 014 399 ! 041 124 011 042 0.13
49 5770 288 312 508 T T T |} 010 084 1.05 0.50 ! 007 - 004 021 007
5 5900 - 044 T 015 - - - - 0.04 - 001 -
51 - - - - | ! - .
52 H i
1 1

* Values expressed as area percentages

T= trace.

The carbonyl components comprised the major
qualitatively contribution in the Table I. Diacetyl had
considerable concentration in the three butter samples, this
component plays an important role in the aroma of butter
(13). 2-Hexenal, 2-pentenal and 2,4-heptadienal increased

during storage in the three investigated samples, however
their concentration decreased at the end of storage (7.5
months). The formation of these components consistent
with the peroxidation of Linolenate (14,15). These results
agreed with the observed decrease in linolenic acid, Table II.

Table Ii
The change in the fatty acid composition of the freeze stored butter fat

Local Buffaloe’s butter (B) Local Cow’s butter (C) Imported butter (1)

Fatty acids

1 2 3 4 5 6 1 2 3 4 5 6 1 2 3 4 5 6
(A 481 470 419 371 223 230 414 435 369 202 266 3.50 343 343 324 368 3.02 343
Ce 360 352 246 326 117 150 266 302 231 172 214 210 272 278 284 304 244 241
Cg 140 171 130 150 165 1.55 144 290 238 095 127 1.00 163 191 18 173 178 1.86
Cio 315 333 266 341 157 163 327 324 311 130 297 1.50 385 395 442 434 469 463
Ciz 321 260 245 402 208 203 375 356 1.09 429 364 315 431 461 489 422 458 428
Cys 1171 1275 1255 1290 1597 14.06 1164 11.40 1233 968 11.14 11.51 11.78 1165 1225 1200 1293 13.01
Cisay 178 171 238 228 184 171 217 251 196 289 164 185 186 181 223 237 129 125
Cis 202 211 197 275 099 081 276 261 359 365 235 213 215 207 333 263 234 177
Cisiso 309 291 294 243 134 153 371 392 342 329 325 325 262 316 416 336 218 1.51
Cis 2559 2654 2695 2721 3298 3482 2672 27.19 39.76 30.23 30.56 30.63 26.01 26.05 27.71 27.43 29.02 30.81
Cig 050 050 266 202 242 211 064 235 279 311 212 231 205 211 285 121 216 252
Cy7 217 078 169 136 134 133 276 187 295 344 116 1.80 303 287 28 149 1.09 091
Cizg 138 111 - - - 2 - - 25 - - 195 18 - T - -
Cig 1361 1391 1391 1269 1345 14.0 10.65 10.80 11.34 10.77 11.73 11.96 11.12 11.33 1158 1228 1224 12.11
Cigy 2040 2051 2116 2014 20.79 20.62 19.94 19.17 21.19 19.04 2322 22.80 19.02 19.31 20.84 20.22 20.24 19.50
Ciso 111 101 050 044 0.18 136 060 059 045 0.05 132 110 045 - - -
Ciga 047 030 023 0.8 067 051 045 037 T T 115 051 0.33
C19 - - cs - - = = - - - - - - - - - - -
Cy T T - - - - T T T - - - -
T=trace.
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Table lli
Changes in the total concentration of volatile carbonyls and lactones of butter samples during freeze storage
(values expressed as area percentages)

Local Buffaloe’s butter (B)
Chemical

Local Cow’s butter (C)

Imported butter (I)

classes 0.0 15 3.0 45 60 75 0.0 15
control month month month month month  control month month month month month

45 60 75 0.0 15 30 45 60 75
control month month month month month

Carbonyls 16.09 41.06 37.35 39.56 552 43.73

12.07 48.08 672 67.83 74.86 56.41
Lactones 48.10 7.01 1453 3156 1244 3249 58.11 1583 1.61

234 3295 3277 3826 87.16 79.8

653 793 3023 18.92 458 5281 46.89 268 13.15

Heptanal,2-octenal,2-nonenal,2,4-nonadienal and 2,4-
decadienal showed the same trend, whereas pentanal and
hexanal had their highest concentrations by storage for
7.5 months. All these aldehydes are peroxidation products
of linoleic acid (16) which showed gradual decrease during
storage Table Il. Pentanal was reported to be arise from
stepwise oxidation of nonanal through C4-C, Alkanals (17).

The second important class of volatiles consistes of
lactones. Table | shows that five lactones were isolated
among them &-dodecalactone was the predominant
component in the control of samples C and B (38.30%
and 30.30%, respectively) whereas it was identified with less
concentration (10.20%) in control of sample I.

8-Octalactone showed high concentration (14.60%) in
control of sample B while 3-decalactone had nearly equal
concentration (14.22%) in sample C. The usual description
of lactones flavour has been coconut (6).

Four free fatty acids were identified in the investigated
butter samples Table |. &-Lactones and free fatty acids
have been considered as important flavour components in
dairy product (4).

However, on the basis of the actual concentration to
threshold ratios. Urbach (6) and Sark et al (4) reported
that butyric and hexanoic acids make no flavour contribution
to butter.

In view of the results reported in Table |, it is clear that
freeze storage of the three butter samples led to a
significant effect on the separated carbonyls and lactones.
In order to elucidate this effect, the total area percentages
of these two chemical classes were determined and cited in
Table Il .The data in the table show that, the freeze storage
gave rise to a gradual increase in the total yield of the
carbonyls reaching their maximum value after 4.5 months
followed by a noticeable decrease at the end of storage, this
decrease may be attributed to the loss of some volatile
carbonyl components during storage. These results are
agreed with those obtained by Badings (9).

From the data shown in Table lll, it is clear that, there is
no regular behaviour for the yield of lactones components
during storage. Samples C and B had the maximum value
in their control samples, whereas sample | showed the
highest yield after storage for 4-5 months. &-Lactones are
the conversion products of §-hydroxy acids present in
butter (18).

From the above mentioned results, it is clear that, the
yield of the carbonyls which caused by peroxidation of
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fatty acids can be use as indication for the deterioration of
the butter samples during storage.
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