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Changes in Quality of Garlic during Frozen Storage
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Abstract

Peeled garlic was stored at -18°C and -40°C, respectively and changes in main quality factors during storage
were determined for 15~16 months. The puncture force measured by texturemeter was 2709368 G.S at the
beginning of storage and did not change significantly after the 15 months storage. Drip losses of stored garlic
were 0.4% and 0.7% at -18°C and -40°C, respectively. Major flavor compounds of garlic analyzed by GC
and GC/MS, such as diallyl disulfide, 1,3-dithiane, diallyl sulfide, 2-butanal, were not changed in their
quantity during the frozen storage. The contents of cysteine, valine and tyrosine increased slightly
notwithstanding the storage temperature. Sucrose content slightly decreased, but glucose and fructose tended
to increase in garlic stored at -18°C. The content of pyruvic acid, degradation product of alliin, did not
change during storage at both storage temperatures. These results indicated that peeled garlic could be stored
at -18°C for longer than 15 months without quality problems.
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Fig. 1. Changes in texture of garlic during storage at
-18°C.
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Fig. 2. Changes in texture of garlic during storage at
-40°C.
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Fig. 3. Changes in drip loss during storage at -18°C.
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Fig. 4. Changes in drip loss during storage at -40°C.

£ vbsh Zo] vHeS (18°C Ex 40°CelA Y37
7 AA8 vls9) puncture forced 243 Ax) A3}
15~167149 Foll = Fofxq W ¢l Aoz e
wob &, -80°CelA Y58t vl puncture forcel
27091363 G - S(gram - sec)°]%1.2, -18°C YE o)
12709 3 15709 AAgE A18.9) puncture force: 7t
7t 26424284 G- S % 2500+ 141 G - S2 vjehig)
ot 40°C YEIe] 12709 W 1609 A A=
Zbzb 26144171 G- S W 2608+ 133 G - S& v}eh]
At

WeAA2EL A7) 2be] wE PYEFAA npse



vz} W5 A Al 3 105

drip lossE& &A% A#= Fig. 3. 49} U} -18°C
AT 734 A o8 7R drip loss?h °F 0.2%
olglout A oYU HEE 07982 Vst
4cell 16097y A As AMR7|zke] Fols) ¥
7 ehaks] Foksled AR 1oHEFE oF 04%2] drip &
Alo] whAyslg]ch,

2le} 7o) -18°C o3l vheg 1571 A A3t
= YERAE 239 Hpl Aol dsL, drip loss
7} 0% £33 A& vEs £ o YEAF o
3 E)xel Wil A7} SR obe AR Atz

B [MEe Hst

GCMSE |43l 43 wpse] 8 ridial
2570 gz %) el YEAA L= A7 7| o}
2 W3e 238 A Table 1, 29} Ao} AALw
W AA7IZke)] uld R HAHE F Iz
27 slof v of A7) YEubse F I3y
-2 23,688(peak area/10000)0151 3, -18°CM 1571Y
7 AAE A8 23224(peak area/10000), -40°CollA]

Table 1. Changes in volatile compounds of garlic during storage at -18°C

167097 A8 vhs2- 23043(peak  area/10000)2-2
Hgz7)s} & Aolr} A ALz b A7
9] Aol G 7] AR e s
£ A9 2 A} 18°C I 40°Col A BF diallyl
disulfide,
propenyl methyl disulfide, 4-methyl-1, 3-oxathiolane,
4-mercapto-3-methyl crotonic acid= A% Z7]e) ¥]3}
o AHulgog 7H4slg o, dimethyl disulfide, 5-
hexen-2-one, hexanal® $7}8} 73S vepfdc}.
A g vhse] Fo grIdRez oAl diallyl
disulfide= -18°CellA 9idzt ket A AAF27]
Agol vlsle} mz@Ae] oF 10%, 1649 Folx o}
16%7} 7ZAstgdet. 40°C AAE vhge| A% diallyl
disulfidet 214 SHL7MA & FrashA] dgkedt A%
NEF HEl ghashs S ehle] 160d F
ol of 8% E FHisiuct. E3F oddsto| E3dtE
¢l hexanal2- AA7]7ke] 7l vlEe] FrHEIA
v, 7Pk 40°Coll A A 5B -18°Cell
A AR Zle] of & Aoz Jepdtl & AR327)

2-propenal,  3-hydroxy-2-butanone,  cis-

(Unit : peak area count/10000)

Storage time (months)

n 2)
PN Lc”(DB-5) Compound 5 3 6 9 B T

1 1-Propene 149 100 128 102 137 147
2 2-Propenal 1739 1435 1688 1411 1366 1420
3 2-Propene-1-ol 957 942 813 910 1102 996
4 654 2-Butenal 5755 5639 5769 4948 5944 6068
5 704 Allyl methyl sulfide 85 57 108 96 100 123
6 717 3-Hydroxy-2-butanone 665 319 169 279 346 400
7 735 Dimethyl disulfide 480 473 528 645 803 918
8 749 2,4-Dimethylfurane 59 50 30 20 105 175
9 776 5-Hexen-2-one 27 81 188 154 197 227
10 801 Hexanal 120 221 242 562 507 501
11 856 Diallyl sulfide 311 469 493 495 486 324
12 889 1-Hexanol 6l 9 9 12 9 11
13 914 1,4-Dithiane 919 781 928 652 870 861
14 928 Trans-propenyl methyl disulfide 44 19 26 21 22 23
15 937 Cis-propenyl methyl disulfide 287 161 169 133 103 189
16 951 4-Methyl-1,3-oxathi- olane 587 109 92 95 103 121
17 962 2-ethoxy-1-propanol 9 ND* ND ND 10 1
18 1002 Allyl-2.3-epoxypropy! sulfide ND ND 56 25 89 206
19 1082 Diallyl disulfide 6997 6752 6356 6275 6174 5854
20 1094 4-mercapto-3-methyl crotonic acid 616 464 464 494 446 529
21 1102 3-allylthiopropionic acid 3481 3908 3329 3302 3467 3661
22 1137 Allyl methy! trisulfide 251 90 126 101 231 283
23 1188 3-vinyl-[4H]}-1,2-dithiin 26 41 38 44 64 66
24 1217 2-vinyl-[4H]-1,3-dithiin 7 34 36 42 55 41
25 1306 Diallyl trisulfide 56 45 53 56 79 54
Total 23688 22205 21844 20883 22815 23224

YPN : peak number,
M,c : Kovats' retention indices.,
ND : not detected.
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Table 2. Changes in volatile compounds of garlic during storage at -40°C

(Unit : peak area count/10000)

Storage time (months)

PN" I c*(DB-5) Compound

0 4 8 12 16

1 1-Propene 149 159 139 117 142

2 2-Propenal 1739 1109 969 1003 1312
3 2-Propene-1-ol 957 626 561 572 1204

4 654 2-Butenal 5755 5943 5957 5985 5055
5 704 Allyl methyl sulfide 85 55 52 67 97
6 717 3-Hydroxy-2-butanone 665 694 433 333 492
7 735 Dimethyl disulfide 480 500 777 839 667
8 749 2 4-Dimethylfurane 59 21 9 6 47

9 776 5-Hexen-2-one 27 91 88 103 199

10 801 Hexanal 120 180 161 278 312
11 856 Diallyl sulfide 311 223 216 20t 356
12 889 1-Hexanol 61 18 16 15 36
13 914 1,4-Dithiane 919 770 750 945 ) 919
14 928 Trans-propenyl methy! disulfide 44 21 18 24 49
15 937 Cis-propenyl methy! disulfide 287 168 157 185 250
16 951 4-Methyl-1,3-oxathi-olane 587 178 133 118 338
17 962 2-ethoxy- 1 -propanol 9 ND" ND ND 14
18 1002 Allyl-2,3-epoxypropyl sulfide ND ND ND 11 14
19 1082 Diallyl disulfide 6997 6968 6404 6490 6456
20 1094 4-mercapto-3-methyl crotonic acid 616 602 493 526 631
21 1102 3-allylthiopropionic acid 3481 3391 3196 3149 3997
22 1137 Allyl methyl trisulfide 251 123 94 106 340
23 1188 3-vinyl-[4H]-1,2-dithiin 26 51 48 39 38
24 1217 2-vinyl-[4H]-1,3-dithiin 7 33 40 33 1
25 1306 Dially! trisulfide 56 52 53 50 51
Total 23688 21976 20764 21195 23043

"PN : peak number,
I Kovats' retention indices.,
ND : not detected.
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Table 3. Changes in free amino acid of garlic during storage at -18°C
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(Unit : mg/100 g garlic)

Storage time (months)

Amino acids
0 3 6 9 12 15
Aspartic acid 7.0 6.9 7.1 73 7.1 75
Threonine 19.9 18.7 19.3 20.1 19.8 19.6
Serine 29.8 27.8 27.0 29.2 30.6 294
Glutamic acid 364 37.1 38.8 359 373 38.7
Proline 64.7 64.9 62.3 62.7 63.8 63.3
Glycine 6.3 6.3 6.6 6.8 6.6 6.7
Alanine 356 349 359 332 399 385
Cysteine 226 22.1 20.1 19.7 19.5 19.8
Valine 25.7 20.1 19.6 20.9 17.7 16.9
Methionine 24 27 24 2.0 25 2.6
Isoleucine 8.1 9.1 83 10.5 8.6 10.1
Leucine 213 21.1 25.1 325 299 320
Tyrosine 103.2 103.5 104.1 88.3 61.0 53.0
Phenylalanine 224 25.5 257 23.1 253 25.7
Lysine 19.9 19.0 19.8 223 19.9 19.3
Histidine 193 20.6 19.7 21.8 20.0 19.3
Arginine 603.2 697.4 633.2 641.9 667.4 627.2
Total 1047.8 1140.7 1081 1087.2 1088.9 1044.6

olM 167092t A AR frejepn|ake] ekl
747} 1044.6 mg% E 1074.6 mg%S JehAc). =&
A2 leucine> £7}at ¥hH tyrosine ¥ valine® 7+
28k A4S Jeide Allin®] 74 otwlieAlel
cysteineS AAE A) WA sk Ao ehdrh,

nhsFe] ohm| Ak FrIdRe] A F F&f B
o ohe} AMBA|E Befsli Ao Buse] )
o}, Granroth®2] 7o) ¢Jsbd ulxe] 8714783

gl allyl-L-cysteine sulfoxide ¥ methyl-L-cysteine

Table 4. Changes in free amino acid of garlic during
storage at -40°C (Unit : mg/100 g sample)

Storage time (months)

Amino acids

0 4 8 12 16

Aspartic acid 70 7.7 7.3 7.8 8.6
Threonine 19.9 19.0 173 192 182
Serine 29.8 349 273 315 261
Glutamic acid 364 339 322 354 353
Proline 64.7 64.8 624 614 654
Glycine 6.3 6.7 6.4 6.4 6.9
Alanine 356 37.1 349 373 386
Cysteine 22.6 19.7 186 180 216
Valine 25.7 209 207 213 8.7
Methionine 24 22 23 2.1 22
Isoleucine 8.1 10.2 11.1 107 103
Leucine 213 30.8 354 317 499
Tyrosine 103.2 80.1 804 958 643
Phenylalanine 224 253 275 297 271
Lysine 199 19.7 20.1 183 20.7
Histidine 193 19.0 181 194 175
Arginine 6032 6283 6073 621.6 6372

Total 1047.8 10643 1037.3 1079.6 1074.6

sulfoxide2] A& TAdoll serine, cysteine 3 valine®]
Fedgtor slgivh. Matikkala®' 52 whEFe)
glutamylisoleucine®} glutathione 5-o] FAxel] o8 &
=AM isoleucine, glutamic acid, cystein ¥ glycine
o] A€ st Imai® Eof Gl &fshd v}
o] AL allin®] AR ot AR Yo
% Al (color developer)$t glycine, glutamic acid
asparagine 53} 2Mg3led sl Zlog B sl

£ Aol oM =Rl ¥EAAE leucined F
V3L tyrosine ¥ valine FFAsh- A &L uiehd
AE& N7 AFAHe} AFsle] 3= o
#AYch. weld vhe e feletnlxAl Wl @
g d7e doZ oS AFH Ao} & Aoz AR
et

Rl HaE

WEALE eheFY feld g ol 2a=vniEn
oz BH5 43 Table 5, 65 2otk AMAE7] =
B39 felwel glucose, fructose W sucrosel 22}
uls 100g % 2229 mg, 6387 mg ¥ 589.7 mge] &
f5eo} 21212, fructooligosaccharide® <42l%l 1-
kestose, l-nystose I I-fructosy nystose: Z+7h 130.2
mg, 1609mg ¥ 1053 mg7} gH-=o] sl -40°C
A 1670WzE HAslEM e HH s AlRE 3
slo] o] & fejge] W3E FAe A A wst
7 k= Aoz ehytel -18°Ce ARt A 23
Fal glucose?} fructoser A 39 o] FFE] F7}
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Table 5. Changes in free sugars of garlic during storage at -18°C

(Unit: mg/100 g sample)

Storage time (months)

S arc
uears 0 3 6 9 2 15

Glucose 2229 3150 400.1 3322 367.4 3742
Fructose 638.7 593.1 615.6 670.6 694.5 701.21
Sucrose 589.7 564.4 466.7 4747 464.8 479.4
1-Kestose 130.2 139.3 120.2 132.7 1554 146.6
1-Nystose 160.9 171.0 180.1 165.9 165.2 164.1
1-Fructosy nystose 105.3 101.7 103.9 1139 129.1 1119

Total 1847.7 1887.5 1892.6 1899.0 1988.4 1992.41

3= A%E vrebd ubd sucroset= AT 1-
kestose™= A 12714 o] F o7} Frlstd o} |-
nystose ¥ [-fructosy nystoserx SEAME B 4 ¢l
Aok FFFed 2 ko] e Mdele) R
o oJdte] F7lgt Zlow Algdd. $d, R Fel
A EAlsl= Ao delAl |-kestose, 1-nystose ¥
1-Fructosy nystose¥= 4120 A4k 739 HallHE= 7

o2 geld glep

7| Lhef st

vhze] JEAAT F7IAke] H3E AWE dae

Table 6. Changes in free sugars of garlic during storage

at -40°C (Unit : mg/100 g sample)

S ] Storage time (months)

uears 0 4 8 12 16
Glucose 2229 2135 2137 2416 2450
Fructose 638.7 6797 6252 6344 6470
Sucrose 589.7 603.2 6160 5972 5915
1-Kestose 1302 1356 1376 1424 1416
1-Nystose 1609 1689 171.2 167.3 1587
I-Fructosy nystose 1053 123.7 1199 1147 1140

Total 1847.7 1928.6 1891.6 1909.6 1913.8

Table 7. Changes in organic acid of garlic during storage at -18°C

Tables 7, 8% 2tk AAE7] f7]Ab a2 8957
mg%e| .27, -18°CAl M= 15717t AAEE vlse]
F7IAL S 8914 mg% °)e™, 4°CAME 16
A 7 935.0mg%hs ebseh vhsell glelA]
pyruvic acidt= allin®] Fsje} HAH3 A7} 9l
succinic acidi= *AR71o] FA gL o AlZAWel) ok
F 2350, o] qlsle] el A7} Byl
el e KA 7|25 pyruvic acid?] g AR
7)ol 192.7 mg%eolslem, -18°Coll M= 157047 A
g ks 9 40°Cell M 16784 7F A3 vlse] pyruvic
acid= 7} 2095 mg% W 1921 mg%s P
Succinic acid®] FpH3E Aw g 4276 19.9
mg%g BT, -18°C AATA 151Y HAF g
& 174 mg%h, -40°C AFTFolMi= 16709 F 216
mg%E YERgt) ol AE Fghsl B o -18°Cel
slollA ubeg SR AAE v allin®] ¥
e Ao doiur] = 7Ze® Alaxv

2 9

2] wheg -18°C ' -40°Cell M A71A s A
AE A7l T2 FAe H3E 3R A

(Unit : mg/100g sample)

Storage time (months)

Organic acids 0 3 6 9 12 15
Lactic acid 859 794 80.1 78.3 89.1 742
Pyruvic acid 1927 191.3 189.2 194.2 197.2 209.5
Oxalic acid 328 338 337 343 331 311
Malonic acid 10.5 11.2 99 11.2 1.2 10.2
Fumaric acid 6.0 7.4 7.3 9.1 9.0 8.6
Levulinic acid 14.1 14.0 133 143 12.6 12.5
Succinic acid 19.9 213 213 232 22.8 17.4
Malic acid 168.2 164.2 156.4 164.1 150.3 134.2
Citric acid 330.5 3175 319.8 3434 330.¢ 3324
Pyroglutamic acid 35.1 413 458 60.9 44.4 493

Total 895.7 8814 879.8 939 909.3 891.4
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Table 8. Changes in organic acid of garlic during storage

at -40°C (Unit : mg/100 g sample)
Organic acids Storage time (months)
0 4 8 12 16

Lactic acid 859 810 836 817 779
Pyruvic acid 1927 1973 1904 1901 1921
Oxalic acid 328 307 329 340 347
Malonic acid 105 106 112 10.5 104
Fumaric acid 6.0 101 94 7.6 59
Levulinic acid 141 122 9.7 11.1 8.4
Succinic acid 199 197 217 217 216
Malic acid 1682 1538 1685 1748 171.0
Citric acid 3305 352.0 328.1 3565 350.!
Pyroglutamic acid 351 519 553 406 509

Total 8957 919.3 9148 9366 9350
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