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Abstract

This study was performed to evaluate the effect of different freezing conditions and storage periods on physicochemical
and microbial characteristics of garlic. Garlics were washed, dried, sliced to 0.3 cm then packed in LDPE+LLDPE
film bags. They were treated with still-air freezing at -20°C (SAF20), -40'C (SAF40) and immersed-liquid freezing
at -40°C (ILF40). Frozen garlics were stored under frozen storage conditions for 7 months at -20°C and quality
characteristics were measured monthly during the frozen storage. Freezing rate of garlic was the fastest in ILF
40 (10 min), SAF40 (40 min) and SAF20 (1,600 min) sequentially. In ILF40, drip loss, cutting force, total aerobic
bacteria count and pH were the lowest, whereas pyruvic acid and allicin content were the highest (p<0.05) during
frozen storage, these results were the most similar characteristics with the fresh garlic. During frozen storage, drip
loss, color difference and total organic acid content were significantly fluctuated in SAF20 (p<0.05), while they
were not changed in ILF40. Overall, total aerobic bacteria count and pH decreased, cutting force, pyruvic acid
and allicin content remained unchanged in all groups. In conclusion, the optimal freezing conditions for garlic
with the least quality changes was considered to be ILF40 (immersed liquid freezing), keeping quality characteristics

up to 7 months by freezing storage.
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Table 1. Information of sample treatment and instrument
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o] 2% ¥AL &R (Ziploc, S.C. Johnson & Son,
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Sample SAF20

SAF40 ILF40

Freezing conditions 20°C still-air

-40°C still-air -40C immersed-liquid

Thawing conditions and instrument

- Room temperature (20°C)

- Incubator (B.O.D. Incubator VS-1203P1, Vision Scientific, Bucheon, Korea)

Freezing storage conditions

at 20°C for 210 days

(0, 15, 30, 60, 90, 120, 150, 180, 210 days)

Freezing time (min) 4,410 1,920 80
Digital ez GC-124HGFP
. . . DSS-650TDO80 (Daesan ENG Co., Ltd., E-500
Freezer information (LG electronics Co., Ltd., Changwon, Hanam, Korea) (Top Greentech, Seoul, Korca)

Korea)
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Fig. 1. Freezing curve of sliced garlic with different freezing
conditions during storage for 7 months at -20C.

SAR20, still-air freezing at -20°C; SAF40, still-air freezing at -40°C; ILF40,
immersed-liquid freezing at -40C.
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Table 2. Changes in drip loss of sliced garlic with different
freezing conditions during storage for 7 months at -20C

(unit: %)
Storage Freezing conditions”
period
(day) SAF20 SAF40 ILF40
15 0.800.10°™ 0.60£0.26' 0.080.04"
30 1332023 0.50£0.17* 0.00£0.00°
60 1.500.50™ 1.10:0.30*® 0.00£0.00"
90 253:046" 0.57:021% 0.00£0.00"
120 1.07:0.15°° 0.70£0.40™ 0.030.06"™
150 120:0.20°° 0.57£0.06™ 0.00£0.00°
180 1.77+025% 1.17+0.23" 0.230.06
210 1.03+0.40°° 047021 0.03+0.06™

"SAR20; Still-air freezing at 20°C, SAF40, Still-air freezing at -40°C, ILF40;
Immersed iquid freezing at -40°C.

Means with different small letters in the freezing conditions are significantly different
at p<0.05 by Duncan’s multiple range test.

IMeans with different capital letters in the storage period are significantly different
at p<0.05 by Duncan’s multiple range test. Values are presented as meanstSD (n=3).
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Fig. 2. Hunter’s color value of sliced garlic with different freezing conditions during storage for 7 months at -20C.

SAFR20, still-air freezing at -20°C; SAF40, still-air freezing at -40°C; ILF40, immersed-liquid freezing at -40°C.
Means with different small letters in the freezing conditions are significantly different at p<0.05 by Duncan’s multiple range test.
Means with different capital letters in the storage period are significantly different at p<0.05 by Duncan’s multiple range test.
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Fig. 3. Cutting force (A) and total aerobic bacteria counts (B) of

sliced garlic with different freezing conditions during storage for
7 months at -20C.

SAR20, still-air freezing at -20°C; SAF40, still-air freezing at -40°C; ILF40,
immersed-liquid freezing at -40C.

Means with different small letters in the freezing conditions are significantly different
at p<0.05 by Duncan’s multiple range test.

Means with different capital letters in the storage period are significantly different at
p<0.05 by Duncan’s multiple range test.
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Fig. 4. pH (A), citric acid (B), malic acid (C), succinic acid (D), fumaric acid (E) and total organic acid (F) contents of sliced garlic
with different freezing conditions during storage for 7 months at -20C.

SAF20, still-air freezing at -20°C; SAF40, still-air freezing at -40°C; ILF40, immersed-liquid freezing at -40C.

Means with different small letters in the freezing conditions are significantly different at p<0.05 by Duncan’s multiple range test.

Means with different capital letters in the storage period are significantly different at p<0.05 by Duncan’s multiple range test.
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Fig. 5. Pyruvic acid (A) and allicin (B) contents of sliced garlic with
different freezing conditions during storage for 7 months at -20C.

SAR20, still-air freezing at -20C; SAF40, still-air freezing at -40°C; ILF4Q,
immersed-liquid freezing at -40C.

Means with different small letters in the freezing conditions are significantly different
at p<0.05 by Duncan’s multiple range test.

Means with different capital letters in the storage period are significantly different at
p<0.05 by Duncan’s multiple range test.
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