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Studies on the artificial regulation of the effective components
in garlic by the inorganic nutrients

Soo-Yeul Cho
Yeungnam University, Daegu, Korea

Abstract

This experiment was initiated to determine the effective components of garlic during the
growth stages and to regulate the contents artificially. The fllowing results were obtained :
1. Alliin content was increased during its growth and showed drastic increase at maturing

stage.

2. The kinds of free amino acids detected during growth stages were 15 for leaf growth,
14 for bulbing and 18 for maturing stage. The total content of free amino acids was high-
est at maturing stage.

3. The optimum conditions for the maximum amounts of alliin and free amino acid determined
by the binary interaction of Systematic Variations Method were 40% NO,"'+60% SO,? 62
% NO;'+38% PO, 42% K*'+58% Ca** and 56% K*"+44% Mg* for alliin, and 72%
NO,*+28% SO,2 49% NO,'+51% SO.% 45% K++55Ca** and 66% K*"+34% Mg+ for
free amino acid.

4. Ideal curve for alliin and free amino acid was attained by applying the binary interaction

of Systematic Variations Method and it was possible to approach the optimum ionic pro-

portion from the optimum contents on this curve.
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Table 1. Concentration of total ions 1000 meq. (3000 meq. in 10 liter
of distilled water) in each treatment, A/C=1.083,

Treatments NO;- SO, PO/~ K* Ca*+ Mg+
NS 1 0 415.9 104.0 200. 2 200. 2 79.7
NS 2 104.0 311.9 104. 0 200. 2 200. 2 79.7
NS 3 208.0 208.0 104.0 200.2 200. 2 79.7
NS 4 311.9 104.0 104.0 200.2 200.2 79.7
NS 5 415.9 0 104.0 200. 2 200. 2 79.7
NP 6 52.0 104. 0 415.9 200. 2 200. 2 79.7
NP 7 104.0 104.0 311.9 200. 2 200. 2 79.7
NP 8 208.0 104.0 208.0 200. 2 200. 2 79.7
NP 9 311.9 104.0 104.0 200.2 200, 2 79.7
NP 10 415.9 104.0 52.0 200.2 200. 2 79.7
KCa 11 359.8 80.1 80.1 0 384.1 96.0
KCa 12 359. 8 80.1 80.1 96.0 288.0 96.0
KCa 13 359. 8 80.1 80.1 192.0 192.0 [ 96. 0
KCa 14 359. 8 80.1 80.1 288.0 96.0 96.0
KCa 15 359.8 80.1 80.1 384.1 0 96. 0
KMg 16 359.8 80.1 80.1 0 96.0 384.1
KMg 17 359. 8 80.1 80.1 96.0 96.0 288.0
KMg 18 359.8 80.1 80.1 192.0 96.0 192. 0
KMg 19 359.8 80.1 80.1 288.0 96.0 96. 0
KMg 20 359.8 80.1 80.1 384.1 96.0 0
Control 0 0 0 0 0 0
~ Table 2. Concentration of minor element 45 sl oE FRaU g REY

solution
Element Final concentration ppm
Mn 0.11
Fe 1.12
Mo 0.05
Cu 0.032
B 0.27
Zn 0.131
Cl 1.77

w58 control 2 g},
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Fig. 1. Changes in weight of garlic during
growth a. leaf-growth stage

b. bulbing stage c¢. maturing stage
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Table 3. Changes in alliin content in garlic
during growth (mg% —Fresh wt.)

Stages |Leaf-growth| Bulbing | Maturing
Parts Stage Stage St ge
Bulb 35.2 82.5 345. 2
Aerial part 24.5 27. 4 12.3
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Fig. 2. GLC Chromatogram of Standard amino acid mixture.

Apparatus ; Varian Aerograph DC Detector 202 Type

Conditions ;

Column 1.

EGA column: 0.325 w/w% on 80/100 mesh a. w. heat treated chromosorb G. 1.5mx

4m L D. Glass, Initial temp. 75°C, 4°C/min. Final temp. 225°C

Column 2.

OV -17 column : 1.5w/w% on 80/100 mesh H. P. Chromosorb, 1.0mX4mm L D.

Glass, Initial temp 140°C, 6°C/min, Final temp. 250°C
Detector temp : 250°C, Detector : Thermal Conductivity Detector, Carrior gas: N,, Flow

rate : 60 m//min.
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Fig. 3. Synthetic pathway of natural auxin

Table 4. Changes in free amino acid contents
in bulb of garlic during growth.
(mg %-Fresh wt.)

_ Stages | L eaf-growth| Bulbing Maturing
Aming " " "

acid stage stage stage
Gly 1.58 2.29 5. 47

Ala 34. 65 18.33 | 49.78

Val 6.30 5.16 4.98

Neutral Leu 3.15 2.29 3.83
Ile 1.58 1.72 2.74

Ser 9.45 7.45 | 13.13

Thr 3.15 2.29 6.02

Acigic Asp| 6929 41.24 | 10.39
C Glul 159.06 111.69 | 204.05

Bagic | L¥s| 3150 12.60 | 56.35
I Arg 6.30 2.29 | 42.12
tming P 7.87 4.58 | 15.86
°  Hyp - — 5.47

A Phe 12. 60 — 44.31
°'ti Tyr|  48.82 20.62 | 24.62
malic 1| 107.09 37.23 |  49.23
S-Con- Cys — — 7.66
taining Cy$ — — 48.69
Total 502. 39 269.78 | 594.70
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control ¥.t} free amino acid ol #go] 22 H& o
& group ol EEEEEMlALel TmfEoly) Wi ey
+ toxic effect et 448 4 9= AL alliin 45
®o| 43st ek gz,

Table 64 K+, Ca**, Mg** 2} free amino acid
EREN olAE 9 A K& Ao gegsta
%2 group ( KCa 11, KMg 16) o] N & A3 fikis
3}z ¢te group (NS 1, NP 6)o} vjsle} free amino

acid g Bol e A2 K= NulZ free amino acid

Table 5. Total amino acid and alliin amounts

in each treatment of NS and NP group

of el oA ¥AY = mlEo] A SHIIL
Al Na 7t Ko & g (FHBITER) ¥ & #F et
2 ek

K*7t Cattv} Mg* 2.t} free amino acid #: kol
aA Bolste KCa 113 KCa 15, KMg 16 3t KMg
208 &% HEeord & 5 G, =g Catt 9}
Mg*+%= free amino acid ¢} Hpgol = alliin o A4 p

o9}t ol Ao e AEAL oF & AL A Aok

Table 6. Alliin and total amino acid amounts
in each treatment of KCa and KMg

(mg% -Fresh wt.) group (mg% -Fresh wt.}
Treatments Alliin Total amino acid Treatments Alliin Total amino acid
NS 1 36 533 KCa 11 242 835
NS 2 370 890 KCa 12 342 960
NS 3 395 908 KCa 13 365 995
NS 4 372 1, 099 KCa 14 325 925
NS 5 291 751 KCa 15 275 835
NP 6 86 288 KMg 16 236 788
NP 7 470 1,029 KMg 17 330 943
NP 8 592 1, 330 KMg 18 395 1,043
NP 9 372 1,099 KMg 19 325 925
NP 10 280 456 KMg 20 255 855
Control 156 625 Control 156 625

6. Systematic Variations Method off 2|8t F#H
o A ¥ BEEEBEX
1) AahEise] A8 A3 B4y Bk
Table 5, 604 e} alliin ¥ free amino acid
o] HpEe] data 2 Homés'#29 Homés et Homes
Van Schoor*® Chung'” ®e¢] {#F 3l Systematic Va-
riations Method ¢} binary interaction 2] Fx® &

ax*+ bx+d
y=—>"—_
l—cx
20t/ i ia (b ad]
Xm= 2a 4a*+4dac(b+cd)
—2ac
o i@HAlA alliin 7} free amino acid o] R EZ 3
2 kol W83 NO,—SO,7 NO;—PO; ;7 K+
Ca*t K+—Mg*9 pEES computing 3 HEE

Table 7~10 2} 7icf

Table 7~100) 4 alliin < e =z
e HFEEES 40% NO,+60% SO, 5 62%
NO,+38% PO, 42% K+4+58% Ca*t 56% K*+
449% Mg+l o 4 9l3, total free amino acid
o] #A4%x= 72% NO;+28% SO,~5 49% NO,+51%
PO,; 45% K*+55% Ca*; 66% K*+ 34% Mg+
Ag Wgkeh
2) AARAS) MEGRS AT Gk BX

Table 7~10 o] el #HEE 71Xz == B
el Eaoge BRkE ¢dle ideal curvez 3
A3ke Fig. 4~113 23 o] curve o] REEFES
2 ¥e optimum ionic proportion 2] iEK7} @THESIA
o},
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Table 7. Experimental and theoretical indices in NO,~ and SO,—

binary interaction (mg% -Fresh wt.)

Amino acid Alliin
Treat X
Ye Yc A Ye Yc A
NS 1 0.00 533.0 557.5 24.5 86.0 143.4 57.4
NS 2 0.25 890.0 805.0 —80.5 370.0 396.4 26. 4
NS 3 0.50 908.0 1,002. 1 94.1 ., 395.0 411.3 6.3
NS 4 0.75 1,099.0 1,078.0 -21.0 372.0 355.5 —16.5
NS 5 1.00 751.0 727.2 —-23.8 291.0 269.1 -21.9
Xm 0.72 0. 40
Ym 1,080.9 418.0

Key : Ye ; experimental, Yc ; theoretically computed data, A ; difference, Xm ; maximum or
optimum concentration, Ym ; maximum or optimum yield.

Table 8. Experimental and theoretical indices in NO,” and PO,

binary interaction (mg% -Fresh wt.)

Amino acid Alliin
Treat. X
Ye Ye A Ye Yc A

NP 6 0.00 288.0 322.9 34.9 86.0 123.6 53.6
NP 7 0.25 1,127.0 1,127.0 98.0 470.0 390.4 —~80.4
NP 8 0.50 1, 330.0 1,371. 1 41.1 592.0 559.0 —~33.0
NP 9 0.75 1, 099. 0 1,126.6 23.6 372.0 550. 1 178.1
NP 10 1.00 456. 0 438.0 18.0 280.0 167.8 —112.2

Xm 0.49 0. 62

Ym 1,371.3 584.6

Key : Ye ; experimental, Yc ; Theoretically computed data, A ; difference, Xm'; maximun or
optimum concentration, Ym ; maximum or optimum yield.

Table 9. Experimental and theoretical indices in K* and Ca*t

binary interaction (mg% -Fresh wt.)

Amino acid Alliin
Treat. X
b Ye Yc A Ye Yc A
KCa 11 0.00 835.0 837.5 2.5 242.0 242.6 0.6
KCa 12 0.25 960. 0 960. 0 0.0 342.0 343.3 1.3
KCa 13 0.50 995. 0 984.0 -11.0 365.0 359.5 -5.5
KCa 14 0.75 925.0 938.1 13.1 325.0 330.1 5.1
KCa 15 1.00 845.0 840.5 —-4.5 275.0 273. 4 -1.6
Xm 0.45 0.42
Ym ~ 985.5 360. 7

Key: Ye ; experimental, Yc ; theoretically computed data, A ; difference, Xm ; maximum or
optimum concentration, Ym ; maximum or optimum yield.
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Table 10. Experimental and theoretical indices in K* and Mg**

binary interaction
(mg9 -Fresh- wt.)

Amino acid Alliin
Treat. X
Ye Yc A Ye Yc A
KMg 16 0. 00 788 799. 9 11.9 236.0 238.8 2.8
KMg 17 0.25 943 921.9 -21.1 330.0 329.8 —0.2
KMg 18 0.50 1,043  1.011.6 —31.4 $395.0 374.9  —20.1
KMg 19 0.75 925 1.024.9 99.9 325.0 355.6 30.6
KMg 20 1. 00 855 778.6 —76.4 255.0 241.6 —13.4
Xm 0. 66 0.56
Ym 1,034.4 377.0

Key: Ye ; experimental, Ye ; theoretically computed data, A ; difference, Xm ; maximum or
optimum concentration, Ym ; maximum or optimum yield.
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