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Changes of Physicochemical Components and Antioxidant Actmty of Garlic Durmg its Processin 2g
Jung-Hye Shin, Duck-Joo Choi', Soo-Jung Lee’, Ji-Young Cha’, Jeong-Gyun Klm and Nak-Ju Sung™.
Dept. of Hotel Culinary Arts & Bakery, Namhae College, Namhae 668-801, Korea, 'Dept. of Hotel Culinary
Arts Jaineung College, Incheon, 401-714, Korea, “Dept. of Food Science and Numiwﬂ, Institute of Agriculture
and Life Scineces, Gyeongsang National University, Jinju 660-701, Korea, *Faculty of Marine Bioscience,
Gyeongsang National University, Tongyeong 650-160, Koren - This study was performed to confirm of bio-
logical function of black garlic, it heated for 11 days at 40~90°C (first step: heate for 2 days at 90°C,
second step: heated for 4 days at 80°C, third step: heated for 4 days at 60°C and fourth step: heated
for 1 day at 40°C). Samples were analyzed physico-chemical characteristics and antioxidant activity.
Hunter L, a and b values were decreased during processing, and then inner part Hunter values were
highly decreased at the second step. The moisture contents were decreased to 58.48+0.41 g/100 g at
fourth step. pH was also acidified to pH 4.22+0.02, but O.D. value at 420 nm was increased during
processing of black garlic. At fourth step, total phenolics and flavonoids contents were increased about
1.9 and 2.6 folds than first step sample. Also, total pyruvate and thiosulfinate contents were increased
about 1.6 and 5.8 folds as change of total phenolic and flavonoid contents, respectively. Fructose con-
tents were the highest level among free sugars and its contents increased to 2,454.45+4.20 mg/100 g.
Contents of sucrose and maltose were decreased during processing of black garlic. The contents of
total minerals were the highest at fourth step (1,009.20£6.91 mg/100 g) during its processing. Contents
of glutamic acid, proline and aspartic acid were detected higher than other composition amino acids.
Taurine and ethanolamine were not detected in the first step sample, but they were detected 0.88:0.6
0~1.06£0.04 and 0.28+0.4~05+0.09 mg/100 g in next processing step, respectively. DPPH radical
scavenging ability of water and ethanol extracts from black garlic was increased during its processing.
Abilities of DPPH radical scavenging were the highest in fourth step sample, its abilities were
67.40:0.21% in 1,000 pg/ml of water extracts. Reducing power was also significantly higher in water
extract than ethanol extract on the whole.
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Table 1. Colorimetric characteristics of garlic during its proc-

essing

Step 1 Step 2 Step 3 Step 4
Extra T 27.47+0287 2434+0.10° 23.11+0.67° 21.80+0.84°
f a  810:002 406:028" 438:011° 3.30:018"
PAL 1 797+065° 341+0.19° 386+028° 2.30+0.27°
| L 3059+1.18° 2455023 24114075 23.70+0.19°
““‘3: a  860+029° 593+033 606+042 590+0.14°
Pal b 1147+036° 579+037 581+053° 558+0.22°

*“IMeans with different superscripts in the same row are sig-
nificantly different at p<0.05.
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Table 2. General composites of garlic during its processing
(/100 g)

Step 1 Step 2 Step 3 Step 4

Moisture 65.54+0.24" 63.60+0.79° 62.34+0.61° 58.48+0.41"
Crude lipid ~ 0.64+0.05° 0.61+0.09" 0.58+0.03" 0.56+0.01°
Crude protein 058:0.02' 0.73+0.01° 0.72:0.02° 0.98+0.06°
Total sugar  4.62+0.02' 471+0.02° 570+0.02° 6.02+0.04"

*~Means with different superscripts in the same row are sig-
nificantly different at p<(.05.
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Fig 1. pH and browning contensity of garlic during its processing
““"Means with different superscripts in the same line
are significantly different at p<0.05.
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Table 3. Contents of total phenol and flavonoids in garlic dur-

ing its processing {mg/100 g)
Step 1 Step 2 Step 3 Step 4
Total phenol 0.80+0.01° 1.20+0.01° 1.24+0.05" 1.48+0.01°

026+0.03" 045+0.03° 055+0.03° 0.68+0.03°

*“Means with different superscripts in the same row are sig-
nificantly different at p<0.05.
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Table 4. Contents of total pyruvate and total thiosulfate in garlic during its processing

Step 1 Step 2 Step 3 Step 4
Total pyruvate (pmol/ml) 189.73:2.84" 244.14+2 87 270.63+1.22° 306.13+2.19°
Total thiosulfate (O0.D/g) 0.05+0.00" 0.06+0.00° 0.35+0.01° 0.39+0.00°

*050% Means with different superscripts in the same row are significantly different at p<0.05.
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Table 5. Contents of free sugars in garlic during its processing (mg/100 g)
Free sugars Step 1 Step 2 Step 3 Step 4
Arabinose 0.85+0.13" 1.28+0.14° 1.68+0.10"
Galactose 10.64+0.10° 16.70+0.07° 19.46+0.08" 2'[].41110.$d
Glucose 155.39+1.23" 228.51+1.66° 248 49+1.21° 276.97+3.52°
Fructose 1403.03+6.24 2137.87+12.45 2281.93+8.85° 2454.45+4.20°
Sucrose 1091.11+1.89¢ 102.92+0.16° 9419+1.87° 84.83+3.04"
Maltose 12.70+0.81° 10.20+0.42° 7.54+0,58" 5.00+0.50°

*“IMeans with different superscripts in the same row are significantly different at p<0.05.
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Table 6. Contents of minerals in garlic during its processing
(mg/100 g)

Minerals ~ Step 1 Step 2 Step 3 Step 4
Al 0.86+001  1.36+001  1.86+0.09 1.10+0.01
Ca 11.52+035 10.66:0.18 1054+0.03  13.63+0.01
Cu 0.39+0.02  032:001  045+0.01 0.37+0.04
Fe 268064 216004  290<0.01 2.60+0.01
K 643.05+248 633.25+6.01 793.85+34.86 792.40+6.79
Mg 20.89+047 21.55+0.21 2037045  25.82+0.04
Mn 054001  049:001  057:0.01 0.54+0.01
Na 8.80+0.12  6.86+0.09  847+0.21 7.52+0.06
/n 098+0.03 111002 1.25+0.01 1.13+0.02

P 14317+4.71 132504245 142734057 16411+0.15
Total  832.96+3.30 810.24+8.99 982.98+33.50 1009.20+6.91
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Table 7. Contents of composite amino acids in garlic during its processing (mg/100 g)
Amino acids Step 1 Step 2 Step 3 Step 4
Aspartic acid 235.88+15.50 265.02+4.18 255.16+7.88 317.46+3.94
Threonine 152.88+13.65 145.89+2.23 137.12+6.80 171.20+3.01
Serine 106.34+10.20 112.74+3.32 103.48+6.59 141.96+3.06
Glutamic acid 436.77+21.23 463.18+4.17 489.98+16.45 523.38+9.33
Proline 220.26+12.37 264.26+26.52 338.27+87.76 378.57+91.74
Glycine 108.13+11.23 116.39+1.41 110.55+6.71 140.81+6.16
Alanine 105.09+13.17 119.15+1.08 117.44+7.16 143.21+3.55
Cystine 94.43+11.64 96.44+1.13 104.76+7.39 110.29+4.91
Valine 117.567+15.43 124.47+2.34 120.97+5.66 150.79+2.48
Methionine 44.12+14.76 57.09+2.57 50.39+6.58 58.58+2.72
Isoleucine 75.05+17.23 80.48+1.54 75.18+3.67 101.57+2.03
Leucine 113.22+20.60 127.63+1.63 113.30+4.83 154.88+3.03
Tyrosine 70.35+26.82 91.64+2.58 75.76+2.19 91.37+2.87
Phenylalanine 148.93+21.01 154.15+1.15 159.54+1.12 179.69+0.01
Histidine 69.28+7.52 66.93+2.85 58.48+5.00 89.11+0.81
Lysine 159.79+14.35 148.52+3.95 152.53+5.49 177.88+0.84
Ammonia 57.68+3.25 56.88+0.14 61.63+0.28 63.35+0.19
Total 2315.74+250.03 2490.83+49.42 2524.49+181.56 2994.06+146.98

Table 8. Contents of free amino acids in and amine dervatives garlic during its processing {mg/100 g)

Amino acids Step 1 Step 2 Step 3 Step 4
O-Phospho-L-serine 1.73+0.04 2.02+0.01 1.80+0.16 1.69+0.10
Taurine ND 1.06+0.04 0.88+0.60 1.00+0.69
O-Phosphoethanolamine 0.18+0.25 0.93+0.04 0.46+0.65 0.43+0.61
Urea 10.39+5.52 43.27+0.57 39.75+14.33 40.53+12.94
L-Aspartic Acid 0.48+0.03 1.27+0.33 0.87+0.01 1.03+0.01
Hydroxy-L-proline 0.69+0.98 ND ND ND
L-Threonine 0.9+0.01 1.31+0.04 1.44+0.02 1.4+0.04
L-Serine 0.89+0.04 1.09+0.02 1.01+0.02 1.12+0.01
L-Asparagine 3.16+0.04 6.42+0.02 4.22+0.06 4.3040.05
L-Glutamic acid 4.55+0.02 4.67+0.02 4.47+0.09 4.07+0.05
L-u-Aminoadipic acid 1.97+0.04 2.02+0.03 2.02+0.02 1.56+0.12
L-Proline 5.18+0.01 5.85+0.14 5.57+0.09 5.67+0.11
Glycine 0.62+0.71 0.97:0.01 0.86+0.02 0.81+0.01
L-Alanine 8.7240.13 9.64+0.06 10.03£0.17 9.06+0.02
L-Citrulline 1.69+0.22 23+0.06 2.66+0.06 2.41+0.01
L-Valine 13.75+0.18 11.99+0.01 11.79+0.24 9.8+0.11
L-Cystine 7.56+0.18 7.58+0.01 6.94+0.06 6.1+0.11
L-Methionine 0.98+0.05 0.94:0.11 0.78+0.01 0.7620.01
Cystathionine 7.27+0.06 3.96+0.06 3.01£0.10 2254011
L-Isoleucine 0.82+0.01 1.05=0.01 1.20+0.01 1.01+0.04
L-Leucine 0.99+0.01 0.95+0.02 1.08+0.05 0.83+0.02
L-Tyrosine 1.23+0.16 1.49+0.32 1.21£0.06 0.96+0.06
L-Phenylalanine 7.42+0.18 8.62+0.04 8.57+0.21 7.23+0.06
L-Homocystine ND 0.12+0.16 0.11+0.16 ND
y-Amino-n-butyric acid 0.2+0.01 0.37+0.19 0.40.24 0.21+0.06
Ethanolamine ND 0.5+0.09 0.28+0.40 0.31+0.26
Ammonium Chliride 10.28+0.09 11.22+0.11 10.96+0.50 9.83+0.30
8-Hydroxylysine ND ND 014019 0.68+0.96
L-Lysine 1.15+0.01 1.54+0.01 1.08+0.04 0.5340.75
L-Histidine 0.11+0.15 ND ND ND
L-Arginine 17.89+0.01 21.34+0.06 14.88+0.20 16.45+0.18
total 110.73+7.39 154.41+0.29 138.41+18.73 131.96+15.78
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Fig. 2. Extract Yield of garlic during its processing.
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Table 9. DPPH radical scavenging ability of water and ethanol

extracts from garlic during its processing (%)
Fxtract Samole Sample concentration {ug/ml)
solvent P 100 500 1000

Step 1 046+0.04""  17.22+038"" 35.66+0.61%"

_— 474+018"°  30.10+030" 56.21+0.22%

Step 3 5.04:0.08" 3597+0.26° 65.40:0.19

Step 4 595+0.23"" 37.08:0.19"” 67.40+0.21""

Step 1 6.09:0.20" 19.82+0.14"" 32.55:0.20°*

Ethamo] | OtCP 2 654+033""  20.70+0.24 37.38+1.04%

Step 3 7.52+038""  21.65+0.69°° 39.05:053°

Step 4  831+030° 2525+053" 45630437

“"Means with different superscripts in the same raw are sig-
nificantly different at p<0.05.

A Means with different superscripts in the same column are
significantly different at p<0.05.

*Means with different superscripts in the different solvent at

t-test.

Table 10. Reducing power of water and ethanol extracts from
garlic during its processing

Extract Sample Sample concentration (ug/ml)
solvent 7P 100 500 1000
Step 1 0.075+0.004* 0.115+0.001"* 0.172+0.002°"
Wity /3D 2 0.084+0.002" 0.153+0.002" 0.222+0.002"
T Step 3 0107:0.001°7 0162+0.002° 0.238+0.004°
Step 4 0.118+0.003""" 0.165+0.002° 0.250+0.002"
Step 1 0.103+0.003™ 0.139+0.002" 0.167+0.003
Hihgl /SEP 2 0.113+0.003"” 0.157+0.005" 0.197+0.002°

Step 3 0.101+0.003 0.167+0.007" 0.202+0.003"
Step 4 0.094+0.003"* 0137+0.001™* 0.214+0.004°

**Means with different superscripts in the same raw are sig-
nificantly different at p<0.05.

*CMeans with different superscripts in the same column are
significantly different at p<0.05.

*Means with different superscripts in the different solvent at

t-test.
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Aol 1Y FA4E g ZUEH T 528 BE §
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