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Abstract
The effect of physicochemical characteristics on the freezing point depression of garlic bulb
was studied to examine the reasons of cryoprotectivity in garlic bulb stored at subzero tempera-

ture. The composition of fresh garlic was characterized by having high soluble solids(40°

Brix;

90% on dry basis), comparing with 10° Brix in case of other fruits and vegetables. Soluble solids
were composed of 70% sugars, 20% protein, and 10% insoluble solids(including 3% of ash, 3% of
crude fiber, and 4% of fat). The main component of sugars in garlic was fructosan with 1-29
degree of polymerization(D.P) and the fructosan of 4-5 D.P was over 50% of total fructosan.
Freezing point of garlic bulb, which is a parameter of cryoprotectivity, was depressed as the
concentration of soluble solids increased, and as the D.P value decreased in the same concentra-

tion of soluble solids.
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Fig. 1. Schematic diagram for determination of freezing
point.
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Fig. 2. Procedure for removal of proteins and amino
acid.

el AE T AAZFY-E Q" F4Fo thermo
couple needle & Zot YEH(BY5 Yol , £ 8L F%
-2 20,30, 40° Brix 7t 5 A 34 £+ 55384 tube(D)
o Yo time temperature method ol & 3% 7 gh#g ¢
5 18 9 (freezing point)s 33 3tH o o} W2 4]
B} 255 a7 0 A Jehbe a2 H 4 g A
o YEAY Aol AFH S YHoZ 3Rt

Fructosan 2| Z8tT (degree of polymerization; DP val-
ve)ER(57.17)

Algde] ZA: kB S8 Aad U e £
251 oJ 94§ rotary evaporator & 40~45C g8-4ol A
528to] £ GitFo] 0.5~1%7F HA sk 2N H,So &
g% 1587 A skl el A 2% P sk 2N
NaOH & 7tsted S8 st A B2 AHEshe et



Vol. 20, No. 2(1988)

&
]
[¢]
2
[N
&
8
s F16.37cm
S © Gt 3.62cm
o j\ f\ FAG 176
[} i
'E i
= |
i
k_J 1

1 ! | 1 ! L 1 I 1
0 2 4 6 8 10 12 14 16 (min.)

Fig. 3. Chromatogram of 0.5% fructose and glucose
standard solution,
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Table 1. /G ratio of chromatogram of fructose and
glucose mixed solution

conc (%)
Sugars 0.5 1.0 1.5
Fructose (height) 6.37 12.6 19.07
Glucose {(height) 3.62 7.09 10.87
F/G ratio* 1.76 1.78 1.75

* F/G ratio: height of fructose peakicm) in .chromato-
grom-height of glucose peakicm! in chromatogram
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Table 2. Comparision of garlic cloves components by

harvest time

Fresh garlic Dired garlic powder
Component : i
; Water grix of Solid Water solu Total Reducing Crud_e (;r_ude Crude Ash
Sampling content tissue | classification “bility (%) sugar sugar protein fiber fat (%)
time (%) Y (%) (%) (%) (%) (%)
Jun.2, '85 insoluble solrda 11.84 0.27 0.00 2.50 2.00 0.94 4.70
harvested 71.3 31.0 Soluble solidb 88.17 74.98 2.1 12.84
Total sotig® 100.00 76.19 2.23 14.70 2:66 0.94 4.92
Jun.17, '85 insoluble solid 3.88 0.14 0.00 3.30 2.48 0.94 3.24
harvested 70.4 32.0 Soluble solid 90.12 75.76 2.64 11.16
l Total solid 100.00 75.90 2.70 14.48 2,76  0.94 3.34
July.2, '85 Insoluble solid 10.00 0.23 0.00 2.14 277 119 3.19
harvested 62.0 41.0 Soluble solid 90.00  67.47 3.83 19.85
Tota! solid 100.00 69.02 3.85 21,19 297 1,19 3.46
Storage ; insoluble solid 10.00 0.78 0.00 2,14 2.51 1.01  3.04
for 61.0 42.0 Soluble solid 90.00  68.99 3.84 19.86
3 months Total solid 100.00 £69.84 4.15 21.27 2.51 1.01  3.04

a: Residuce on filter paper water extraction
b: Soluble solid =total solid-residue
¢: Vaccum Freeze dried garlic powder after slicing of garlic
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Table 3. Comparision of F.P. and ° Brix in selected fruits
and vegetables

Items °Brix F.P, Remarks

Garlic 40 -4.6 from Suwon

Onions 8 -1.0 "

Apples 11 -1.2 Busan

Oranges 9 -0.8 Mandalin trom
Cheju Do

cloves
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Fig. 4. Chromatogram of fructose, glucose and sucrose

content of garlic powder Fig. 5. Chromatogram of 90% — 85% reextracts acid

-hydrolysatel0.9%).

Table 4. Relationship between D.P. value and the composition of garlic extracts obtained from various
concenirations of ethanol solution

" reatment| % Extracts Compositions of extracts I{;)'tj:)"e D.P. vah;:e

in % insolu - of carbohy-
Ethano! each % Ethanol ble soli-l Tota! sugars(%)Reducing sugars (%) Crude pz&t)enn sugar(%) grate in
solvent % extracts ds in  peers he - - - + total  2nd step

in the 1st %re_—extra_ each % [N the in the in the in the in the in the |soluble extracts
The The ’“sttep cts in the | Etnangl |!St SteP 2nd stepist step 2nd step.2nd step Ist stepicrude  (fructosan)
1st 2nd 2nd step extract extract extract extract extract extract protein(%)
95% 6.94 ! 6.02 4.2 1.02
95% - 90% 6.94 4.72 93.06 | 6.02 4.70 4,20 0.10 1.02 1.06 7.04 1.00
90 - 85 11.66 11.60 88.34 10.77 6.05 4.30 0.20 2.43 1.64 13.20 2.18
85 - 80 23.26 34.38 76.74 18.05 22.92 4.50 0.05 4.27 1.64| 22.29 4.78
80 - 75 57.54 11.10 ‘ 42.46 48.46 12.31 4.55 0.00 8.55 1.64) 57.01 5.41
% - 170 68.64 5.86 i 31.36 58.17 2.46 4.55 0.00 9.72 1.64] 67.89 9.12
70 - 65 74.50 1.67 25.5 59.98 2.46 4.55 0.00 11.42 2.11 71.40 11.12
65. - 60 76.17 1.32 24.83 62.05 2.46 4.55 0.00 12.06 1.91] 74.11 14.7
60 - 55 77.49 1.68 23.51 63.94 1.93 4.55 0.00 12.47 1.26| 76.41
55 - 50 79.17 1.68 | 23.51 63.94 1.93 4.55 0.00 13.27 1.83] 77.59
50 - 45 81.72 4.43 19.28 64.88 1.32 4.56 0.00 15.40 1.83] 80.28 25.5
45 - 40 86.15 2.82 14.85 66.58 1.32 4.56 0.00 17.12 1.83| 83.70
40 - 35 88.97 0.48 12.03 66.77 1.32 4.56 0.00 18.14 0.64] 84,91
35 - 30 89.15 0.1t i 11,85 66.95 1.32 4.56 0.00 18.75 0.27; 85.70 29.1
30 -25 89.26 0.1t 11.74 67.33 0.37 4.56 0.00 18.75 0.05| 86.08
25 -20 89.74 0.00 10.26 67.71 0.37 4.56 0.00 18.75 0.00, 86.46
20 - 10 90.49 0.00 9.51 69.59 0.37 4.56 0.00 19.12 0.00) 88.71
10 - H,0 90.49 0.00 . 9.51 69.97 0.37 4.56 0.00 19.12 0.00| 89.09
H.O 90.49 i 9.51 70.34 4.56 19.12 89.46
Total 89.67 4‘ 70.00 4.51 20.37
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Table 5. Comparision of freezing point on various extracts, rehydrated powder and living tissue of garlic

D.P.
Sampte treatment

Molecutar

f?m;ng point (°C) Empirical equations

value  weight™ 505, 20°Bx 30°Bx 40°Bx m(mololity) X (% W/W)
*
Glucose 180.6 12 271 -4.8 -7.5 T¢=2m Tf:W&E%XFZ—)
- +18xi.
_ B 1860%
Sucrose 1 342.3 0.6 5 2.7 -45 Tf_2.07m Tf‘M»*ﬁAX(MnsxS.G)
90% ethano! Deproteinized extracts 0.5 261.2 -0.9 -t8 -3.3 -53 T,=2.04m T 1860X
extracts total extracts 06 -1.8 -2.8 -44 f f M-X{M+18x11)
= ini S -0.5 -1, -2. -3. 1
90-85% ethanol Deproteinized extracts 218 533.63 0.5 2 2.1 3.1 Tf=2.52m Too 860X
extracts total extracts -0.3 -09 -1.9 -2.6 M-X(M+18x11)
85-80% ethanol Deproteinized extracts 4.78 955.19 -0.3 09 -1.6 -2.6 Tf=3.42m Tf: 1860X
extracts 0.3 09 -1.5 .25 M-X(M+18x40)
80-50% ethanol Deproteinized extracts -0.2 0.5 -1.0 -1.9 1860X
9.85 1,777.24 Tf=4.02m Tf—-__.—._
extracts total extracts -0.2 -0.4 -08 -15 M-X{M+18x94)
50% ethanol-H,0 Deproteinized extracts -0.2 0.3 -1 -1.8 B B 1860X
27.69 4,699.82 Tf_11.11m T'_*
extracts total extracts 0.2 -0.3 -1.0 -1.8 M-X(M+18x332)
Water Deproteinized extracts -0.4 -1, -1.9 -3.0
extracts total extracts -0.4 -1 -1.7 -2.8
Rehydrated
powder 0.4 -09 -t6 -25

Living tissue

* Molecular Weight: 180.16 X (D .P. value+ 1—(18.02x D .P. valuel

*% T, Freezing point depression(C)
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