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ABSTRACT : In this study, we determined the ingredient analysis of harvested garlic bulb and soil analysis of four garlic-
cultivated regions in Jeju, being one of the major areas of Namdo garlic production. Soil pH and electric conductivity were
7.02 and 1.03 dS/m, respectively. Soil organic matter was 4.31%. The mineral elements (potassium, calcium, magnesium,
sodium, iron, manganese, copper and zinc) of Namdo garlic cultivated soil were analyzed by ICP, and calcium was the most
highly contained mineral with 14.67 cmol./kg and in the decreasing order of magnesium (2.25 cmol,/kg), potassium
(1.51 cmol./kg). Soluble solid and total acidity were 7.60 “Brix and 0.49%, respectively. The mineral contents of garlic bulb
were in order of potassium (12,728 ppm) > sulfur (7,778 ppm) > phosphorus (4,916 ppm) > magnesium (691 ppm)
> calcium (359 ppm). The content of total phenolic, total flavonoid and reducing sugar were 71.14 mg GAE/100 g, 17.64 mg
QE/100 g and 26.53 mg GE/g, respectively. Alliin and allicin were 8.78 mg/g and 2.10 mg/g, respectively. The Pearson’s corre-
lation coefficients between mineral contents of soil and garlic bulb are analyzed. Macronutrients of soil is correlated with
macronutrients of garlic (positive) and micronutrients of garlic (negative) contents.
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EAol ARl 2= Basial 9lom, shits o) Bis)

HHeg vg aFEs W e S Hold 54
7FAAL Ak (Hyun, 2011).

AFelM AEE AafF Sl 259 vgol 2 vk
AT AgelM AE skl 7] AR F2 AEAG e 1]
SRS BN 8ol o FoA AL e Aol & A= A
Ao Fevks AR 4o wFE EFAE W 53
vheg ol&ste] F8 ARl sl EAsidlen, EYel
71E E derkee] 718 R RS W EY
4ol vzl F71EE B 7154 AR gl mixle 9%
< THgskaAt sisith

ME 9

1. EYAIE FiF
EREE 20139 8Y FTHH 0¥ skl HrkeE b
Foted 20149 59 T - shkedel et wkEAS AR s

of AASGEE, AP AAZA BEE (1, 32 9]

SRIBE sklE), AlFAl TEE (12, 4 vshiEE 5
F), AAEA S (3, A vskEE FSE )t
AFA (04, LA HSRBBE 7-5F) 5 4lae]
At
2. EU9| 3lobd 24

EF] sl 2AlH] flske] 2014d 59 5 - S A
o Hrnled FEe PO RTE EYS AFst FA
7 %ol 2mm AE FAANA EAAT. EF pHE= pH

meter (Orion Star A211, Thermo Fisher Scientific Inc.,
Waltham, MA, USA)E ©]&ste] A3t A7HE=
(ECy= pH} U3 A" AIEE A7IHEEA (Orion
Star A329, Thermo Fisher Scientific Inc., Waltham, MA,
USA)E ol&3dte] st EY F71E3 Walkley
and Black<, A5 KjeldahH-& o183k =318t
Eoh) thEdA 2 ngdiE FeAdgZakant (JY 138
Ultrace, Jobin Yvon, Longjumeau, France)S ©]-83lo] &2
sk fras, Falit 2 faihe 2385 (Lambda
25, PerkinElmer, Waltham, MA, USA)E ©]&35}o] E4311t}.
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/e #2742 (NH-2000, Horiba, Kyoto, Japan)s ©]-8-3}
ATt 7MY E SRS OBrix, AtEE %E &
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HErkeg AlEske] 70CAHA ARAIZ & 2879090 <l
A 5] B8 AER o835t EUslE A8 05¢
S wWelEekae Bal grEeiHeR #eirzl & P K,
Ca, Mg, Na, Fe, Mn, Zn, Cu ¥ S &FS fF=48Ets
nE o]&3ste] FFaldirt. ML T KjeldahH o= A

Fitt.

5. Alliin, allicin % total pyruvate &2 341

Alliings £ ztzte] A7 1 goll 20% ole-e 30 ml &
7¥eted 3087 FEEoH, FEAL A4dEe]7] (Combi-
514R, Hanil, Inchoen, Korea)E ©]£-3}o] 3,000 rpmol 4]
10027 alglsislet. 9alEe] § 45HS 0.45 um syringe
filter2 ]33}l HPLC-DAD (Agilent 1260, Agilent
Technologies, Waldbronn, Germany)Z +233}$3t}. Analytical
column Agilent Zorbax SB-C18 (4.6 x 250 mm, 5 /m)S- A}

%.3].0:1 =7 IEX}O

AR, ol oo

(A) 0.1% formic acid containing water
92} (B) 0.1% formic acid containing acetonitrileS A] 7+l
we}l gradient® &2]ste] AT o]FEe] SEE
1.0 mb/min, A& FYZFE 10 440, UV HE 3732 210 m o

A HEsIT

Allicingrs £412 zbzke] AR 1ol 3% S/ 30ml &
7¥ete] 3087 FESIGATE FEAL dAEEE o83t

©
3,000 rpmol|A] 10527+ 42l st $ 0.45 i syringe filter=
oj3}sle] HPLC-DAD (Agilent 1260, Agilent Technologies,
Waldbronn, Germany)2 #4810t Z4 2 o|lgi 2712
allin 24273 Y31, o)A 0.7 m&/min, A5
FUZFE 204, UV AZ7] 3 254 mm ol A A=At

Z pyruvate &2 Schwimmer £} Weston (1961)2] WS-
AR HYslo] AR O AlF [gol 10% trichloroacetic
acid 10lE H7tste] #dsketar 1A7F St WAgE £ o3}
stk odZkel 02ml o 0.0125% 2,4-dinitrophenylhydrazine
02m & 73t 37CelA 1027+ ¥Hg-3F ¥ 0.6 N NaOH
Imb & &gate] F33EA (UV-1800, Shimadzu, Kyoto,
Japan)Z ©|-&-3to] 420 nm oA FF =S =4t Sodium
pyruvates ARE-slo] L2 & O Z total pyruvate
S AEsIslTh

2=~ L
S

3L A&
x4

6. & s, ZYRL0|S W AL S X
Z AE IS Kim (2014)2] HHES A8 FHs ] AL
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At F=uks 25 100 «/ml ol 50 14 Folin-Ciocalteu
reagentS 3 7}0}_1“ SEZE Ao HESAIZ] T 03 ml 20%
Na,COyE H7bslsinh. 28], 33 % ﬁ]g AR5t 725 nm
AA FEEE Y3 & d' T2 gallic acidE &
F o7 ARSI u:] Az o 2 HE] 0401 A g ale
3t FEE T galllc acid®] A% (GAE)>-Z T35

% Tt o= 2
ato] AR-&-3FATh

]_Q_
1=
= Moreno 5 (2000)2] S dF 4
AE 02 mlé of 0.1ml 10% aluminium

mtratee 232, 0.1m¢ 1M potassium acetateS E33}3AT}.
T 46mL 9 80% TS YW, 408 FH EFETAE

_Lz

O]Q‘O}C‘% 415 molN FH=E Y39t Quercetine
FOFE ARSI HAFHo2HE dojzl A A S AME-Sto
FZE g quercetin equivalents (QE)Z AT

sk Aabaol DNSH Miller, 19598 W& slo] Hien}
= HAFAo dAT TS S 24 AlES 02 me o
DNS A9} (7.5g DNS, 14.0g NaOH, 126.1 g Rochelle ¥,
54ml phenol, 5.9g Na,$,05/ £)S 02ml &33le] 95T
heating block (HD-96D, Daihan Scientific, Seoul, Korea)<
21587 REEAI7)AL BAE HkElS 5EZF 4Tl kg
< AANT F FFHT 0.6 mE Hrleled B3 =A 546 nm

7. o-Glucosidase 2HEH =H
a-Glucosidase &A|&4S Hyun 5 (2014)2] e ulz}

nitrophenyl oi-p-glucopyranoside (pNPG) 100 £ 7}k
37Ce A 1087F WHEAIFTE 0.1 M Na,CO; 750 (40 2 WHg-
S FAANINZ BFFEA 405 m oM FBEE 4 o]— s1= 8
o-Glucosidase?] 42 50% HAs=d] o3 FEE ICs

o= Yehiit.

2o 9 oz
Jenl=S Auisiiy AlFE AFEAGe] Eokslehy A
HAAISHATH (Table 1). EFS HISIER Zi=
113 ~302%, "IAHE 44.0~60.0%, AEE 258~28.7%%
AReH, J1 AL vAE FE, 2~4 AL F
ER FAEA AT
HErksS AEdd AuiAe] EF pHe 4.49~8.19 (3
7 7.02) MUt (Table 2). JIN ] EF pH/} 4498 =
*J*é;i YERA S, YA A9 (7.57~8.19)2] pHE 24
WA M7t ES YellTE EG B &9 Foll A8t
= ol Folee Foe Uehile A7IAEEE 1.03dS/
ms YERHSITE 53] J1, 2 A o] I3, 4 AHET} 2~ 3H)
=S AVHEEE Bt $718 S5 431% (237~631)
=2 YeERlem, 12 A9 (6.31%)°] HaRoh 158 =& &
TS e A FA T 0.18%S YEReH, &
718 oy} v)=3 AR \Th
duls AuiA E%ksz] fraclat &2 505.23 ppm
ey gEFe

m{o

ek

At 27t AZE 50 ol 0.5U/ml a-glucosidase & (4642 ~559.4)S ERNA AL, 3) 15.88 ppm
A9 50,4, 200mM potassium phosphate buffer (pH 6.8) (5.3~39.4) JEeERACE E«é] 2 A9 (39 ppm)°| TR
505 EF3te] 37ColM 1587 WS & 3mM p- AYETF 3~ =S SRS Yehidth faA g
Table 1. Analysis of soil property for soil texture in each soil.
Region Soil series Sand (2.0 ~ 0.05 mm) Silt (0.05 ~ 0.002 mm) Clay (0.002 mm >) Soil texture
J1 11.25 £0.24d 60.01 £ 4.47a 28.74 £4.71a* Silt loam
]2 N lcanic ash 30.19 £0.55a 43.98 £0.96b 25.83 £1.51a
13 on-voleanic as 22.73+0.70c 49.49 +5.39b 27.78 + 4.6% Loam
14 28.58+0.51b 45.20 £2.25b 26.23 £1.74a
*Mean separation within columns for each treatment date by DMRT at p = 0.05.
Table 2. Chemical properties of garlic cultivation soils in non-volcanic ash soil of western Jeju.
Reui pH EC OM T-N Available P,Os Available S Available SiO,
egion
(1:5) (dS/m) (%) (%) (ppm)
)1 449+0.03b 1.36+0.05b 4.00+£0.05bc 0.18+0.00b  559.39+13.96a 11.73+1.12b  233.19+37.35b*
J2 7.57+£0.03a 1.64+£0.117a 6.31+0.00a 0.28+0.00a 531.08+3.03a 39.44+£3.98a 1069.71 £ 205.90a
J3 8.19+1.57a 0.52+0.01c  4.55+1.45ab 0.14+0.07c  466.29 £30.78b 5.26+0.62c  859.00 £27.99a
J4 7.82+£0.03a 0.62+0.04c 2.37+0.02c  0.11£0.00d  464.15+19.23b 6.76 £1.56bc 852.26 +99.48a
Total Mean 7.02 1.03 4.31 0.18 505.23 15.88 753.54
CV (%) 24.02 49.37 37.22 37.72 9.20 94.41 45.91

*Mean separation within columns for each treatment date by DMRT at p = 0.05.
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Table 3. Amount distribution of K, Ca, Mg, Na, Fe, Mn, Cu, and Zn in garlic cultivation field in western Jeju.

K Ca Mg Na Fe Mn Cu Zn
Region
------------- Exchangeable cations (cmol./kg) -------------- —-mmmmmmm—- Micro-nutrients (ppm) -----------------
J1 0.85+0.00d 3.11+0.00d 0.86+0.00d 0.01+0.00 38.35+2.55a 96.75+3.18a 3.42+0.07a 7.40 +0.00ab*
]2 1.98 £0.00a 24.50+0.00a 2.68 £0.00b 0.14 +£0.00 1.17+£1.19¢c 38.80%£2.12c 0.20+£0.06c 4.02+£0.21c

13 1.76 £0.06b 14.25£0.32c 2.02 £0.06c 0.03 £0.00 6.03 £0.25b 104.50+8.49a 1.60+0.03b 7.65+0.21a

14 1.44+0.00c 16.82+0.00b 3.43 £0.00a 0.07 +0.00 8.78+0.18b 65.75+1.06b 1.54+0.10b 6.98+0.11b
Total Mean 1.51 14.67 2.25 0.06 13.58 76.45 1.69 6.51
CV (%) 30.27 55.88 44.82 83.37 114.89 36.83 72.50 24.03

*Mean separation within columns for each treatment date by DMRT at p = 0.05.

Table 4. Correlation coefficients among minerals measured in soil and garlic bulbs.

Garlic bulb
P K Ca Mg Na S Fe Zn Mn Cu
SO,  0.771% 0.903**  (.734* 0.744%* 0.620 0.697 0.221 -0.792%¥  -0.793*  —0.875%*
P,Os —0.098 -0.457 -0.740*  —0.018 -0.660 0.176 0.254 0.553 0.119 0.384
K 0.753* 0.949%**  0.620 0.815% 0.647 0.786* 0.165 -0.631 -0.685 —-0.763*
Ca  0.926*** 0.901**  0.692 0.876%*  0.486 0.806* 0.280  —0.832*%* —0.863%* —0.944%**
Mg  0.717% 0.631 0.865**  0.475 0.456 0.299 0.211 —0.991%*% _0.722%  —0.907%*
Soil Na  0.970*** (.738* 0.477 0.917%%* 0.179 0.878** 0368  -0.732%  —0.895** —0.901%**
S 0.735% 0.460 -0.028 0.818* —0.147 0.919*** 0423  -0.255 -0.685 -0.535
Fe -0.753* —0.937%** —0.781* -0.716%* -0.715* —-0.626 -0.112 0.796* 0.711% 0.838%*
Zn  -0.877%* —0.600 -0.192 -0.911**  0.030 -0.926*** -0.359 0.469 0.773% 0.711%*
Mn  —0.930%** —0.542 -0.429 -0.793*  —0.024 -0.735%  -0.390 0.719* 0.838%*  (.843%*
Cu -0.903** —0.921*** _0.657 -0.882** —0.515 -0.829*  -0.266 0.781* 0.837**  0.905%*

* kx4 significant different at 0.05, 0.01 and 0.001 probability levels, respectively.

753.54 ppme YERH O, A7 Zpol7b Attt 1 A9 wpzdlgol| diste] felst o] AiAE Bt

233.19 ppme 2 7P w2 SRS Ueplern, )2 A9 derkso] AMEAE AT HsHIS]|Ed EAlshs A
1069.71 ppmS.Z 7F¢ =UTh B faQU4t ks wWol 3 gole TS T (14.67 cmol /kg) > vEIUG (2.25
AG7F 920%2 dA=7F A4 JeRtoy fFaskel A9 cmol/kg) > ZE (1.51 cmol./kg) > YEF (0.06 cmol,/kg) =
94.41%5 YERlo] B FHe BXEE BATh ATy O|2AT} (Table 3). F=vls AR ZF e J2 A Yo]
A e BN, Wel AT 2 2Eux] 2 198 cmoly/kg 2 7P =ko, J1 X|9& 0.85 cmol/kg 2
Aoz H3A vHEE Bol Al&stal U=, EX e 7P 2ok I JA ZES vse AP B, U1
AT FH0R Qe B pHZF 12~4 A0l & A9 &l 3.1 emol/kgE 7Y W S YERRIAL
Al dehd 210 = Holw, Rit= J1 A2 A3gRs A8 12 A9 2450 cmoli/kg 02 J1 ARG 7.0 #9kT. v}

so] AHESS HFslelol T Ao= neltt, % S HE At 11 A%l 0.86 cmol.kg O 7}
ErksS AR Ege) TS £ kel B 4 Ugkom, 4 A9E 343 emol kg O M S FFS

71857 ARBAE FASIATE (Table 4). frasfite] 4 YeERAITE UYEF 32 J1, 3 AYGoM= @A vehtou
EFH FFol B2 dRvksd 2, ZF (¢=0903, 12 AYelMe =2 FF (0.14 cmol/kgys WERAIT. ZdA
p<001), Zg 2 vl Aol fo3t Jo] JHAAE FHom BEY EX wlE (pH)eE Holu J1 AHe] X34
Hyom ol w7k @ 2] (r=-0.875, p<0.01)l thalA Yol ko] e Al AR F3] v IS Btk
£ g Fo) AAAAE BATh Fade] A% ksl Parkd Kim (1998)2] Rol osha =l 2} AMMA (Bt
ZE (r=-0.740, p <0.05)°] thsle] st o] FAAAE  pH 521)9] AT Yol slefo] Ut WEYRT} Fhefo] oF
wolow faste] A dvksd EAske & r=0919, A Yebdsd, ol WEY @ pH 5.8)Ht B pHol
p<0.000)e] thated o] foldt JdAE Uepien, ¢, 71918 Aog FEHrh
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Table 5. Soluble solid, total acidity and pH of garlic squeeze from different cultivated area in western Jeju.

1 ]2 13 14 Total Mean CV (%)
Soluble solid (°Brix) 7.6 £0.5ab 6.5+0.8b 8.7+£0.6a 7.9 £0.1ab* 7.60 12.48
Total acidity (%) 0.37£0.07b 0.49 £0.02ab 0.66 £0.18a 0.43+£0.01ab 0.49 27.79
pH 5.92+0.01a 5.89+0.01b 5.95+0.01a 594 +0.01a 5.92 0.43
*Mean separation within columns for each treatment date by DMRT at p = 0.05.
Table 6. Concentration of mineral elements in garlic bulbs from different cultivated area in western Jeju.
(unit: ppm)
Minerals 1 12 13 14 Total Mean CV (%)
P 4125+ 21c 5895 + 304a 4535 +120bc 5110 £ 255b* 4916 14.80
K 10260 +905b 14500 £ 566a 13500 + 0a 12650 £919a 12728 13.82
Ca 269 £13b 363 £28ab 363 £ 14ab 406 £ 59a 350 16.92
Mg 566 £ 1b 886 +52a 660 £ 42b 654 £ 68b 691 19.02
Na 131£13b 202 +27ab 260 = 50a 207 £ 54ab 200 28.85
S 6210+ 14c 10960 + 368a 7420 £ 226b 6520 +198c 7778 26.09
Fe 47.1+24.0a 59.6 £21.9a 423 +2.1a 52.3+25.3a 50.3 33.85
Mn 8.3+0.4a 6.6 +£0.6b 7.9+0.0a 7.2 £0.4ab 7.5 10.18
Zn 28.3 £1.0a 16.4 £0.0c 22.2+0.1b 13.3+0.3d 20.1 30.64
Cu 4.7 £0.1a 2.2+0.1c 3.7+0.3b 2.6+0.1c 3.3 31.85
SUM 21648 32890 25621 27269 26743
*Mean separation within columns for each treatment date by DMRT at p = 0.05.
AFed Herks AR migFdal d, 37, 78 (0=0970, p<0.001), ZF, viodle 2 & Awd g 4
5ok e ST BER mRae] e 7 dAE B Zey diddaE diEe rEelasEde
7k (76.45ppm) > (13.58 ppm)>°}A  (6.51 ppm) > & o] dAAAE B & Sgo] &

(1.69 ppm) o2 Yepston, okl 3HF SHde=
T2 v)gdd BAAM = 11 A|Yge] thE A PR} &
< TS Yeple AEE B3 oAl v B pHel
ofsl Egol &allE vgdArt BobdA A JERrd Zlog
F290 (Lee ef al, 2014). H=rks Auixe] A ghze
J1 Ao 3835ppmo 2 7Hg Eokow 12 A oA
1.17 ppmo2 7P wEokth w7 sk 2 AHo] 38.80
ppmeE Skom J3 X9 104.50 ppmS=E ]2 A HT}
279 w2 TS vETh e R J1 A ellA
342 ppmoE 71 =9kow, J2 AP A= 0.20 ppmoE 7}
Zuorth ofd ke 12 AYe] 7Y Aoy 1 9] A
AL Hs=S FAE B

B 771 zhzke] s Al et AEA 2
FTE AR BAFAY (A wels e (dEEe s
. ES ZEF AEE d=visd ZF (r=0.949,
p<0.001)2 =] ol o] JAS How, 1, nh1y]
F 3 3 AEHE {3 Ho] dHHAE Btk Zae
el (r=0.926, p<0.001)2 =0 FoJ5k Fo] FAe BSOS
), 24, vkl 9 ke feole Ao] JAAAIE Bt
vt FEe A3 A (r=0.865, p<0.01), YEFS

HZ o
}\é'ﬂ'_‘at‘

r
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P thFdaE
S5 dErled oA S3S 8ol
27t BoR Wol EAE ule gddie visd F5E5 A
st ALl HAS folahA she dS BT
(Table 4).

AFE HsRIS| A Aike derlss o835
Al & o-glucosidase A31E/3-S S793IATt (Table 5~8). HISh
B BN Al Herkse] 7R84 ¥ S 7.60 *Brix
6.5~8.7)2 YeERA oW 0.49% (0.37~0.66)= et
Uit Hevks 2599 pHE 592 (5.89~5.95)% H|SEIA
T} (Table 5). 7€ HErls 2599 pHe 043%°] W]
AE Yepfo] A87F vl oA o g EAs 7R AL
JF T QA 12.48%2] WoAITE YERo] tiA= Y
Aoz EAFHE YeR AT

AT vt oA ke Fnpse]
Table 60 eIt & 1052 F71&8&
Bt 26,743 ppme S8kl AATH F7)
AA2] 47.6% (12,728 ppm)E AR oW, T2 Flo]
29.1% (7,778 ppm), <lo] 18.4% (4,916 ppm)S 2}A]
Zgolv g3 viszsiAl Zg AR 9A 11 Ao] tE A
of Hjsle] shaFo] B Yelded], AMHEY 54

1= =]
}\(—)]'\E‘T’:
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Table 7. Alliin, allicin and total pyruvate concentrations in the bulbs of garlic from different cultivated area.

1 ]2 13 14 Total Mean CV (%)

Alliin (mg/g) 2.33+0.44d 12.56 £0.20a 11.42+0.18b 8.81 £0.48c* 8.78 50.25
Allicin (mg/g) 1.36+£0.07b 2.37 £0.45a 2.20£0.18a 2.45+0.31a 2.10 27.10
Total pyrubate (WM/g)  77.62 £2.75¢ 118.45 + 5.50b 148.90 £ 6.41a 79.57 £12.83c 106.14 30.31

*Mean separation within columns for each treatment date by DMRT at p = 0.05.

Table 8. Total phenol, flavonoid, reducing sugar content and o-glucosidase inhibition effect of garlic squeeze from different cultivated area

in western Jeju.

1 )2 J3 14 Total Mean CV (%)
TPC (mg GAE/100 g)** 63.34£2.67b 101.13£0.00a  67.12+2.67b 52.95 £4.01c* 71.14 27.32
TFC (mg QE/100 g)*** 18.61 £0.00a 19.69+0.00a  19.15+0.77a 12.64+0.77b 17.64 17.51
RSC (mg GE/g)**** 27.88 £0.69a 25.99+£0.76bc  24.68 +0.14c 27.54 £0.76ab 26.53 5.48
[Csp (p)** 4% 21.33+£0.39d 13.17+£0.53b 8.59+0.61a 15.92 +0.38¢ 14.76 33.51

*Mean separation within columns for each treatment date by DMRT at p = 0.05.
**Total phenol contests analysed as gallic acid equivalent (GAE) mg/100 g of extract.
***Total flavonoid contents analysed as quercetion equivalent (QE) mg/100 g of extract.
***#*Reducing sugar contents analysed as glucose equivalent (GE) mg/g of extract.

**kxkAmount required for 50% reduction of a-glucosidase.
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