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Abstract

In this study, we analyzed and compared the constituents of Southern ecotype garlic
cultivars, Namdo and Daeseo garlic, cultivated in volcanic and non-volcanic ash soil in Jeju
Island and compared the soil properties in these regions. The volcanic ash soil in which
Namdo garlic grew had higher electrical conductivity and more available sulfur, whereas
the volcanic ash soil in which Daeseo garlic was cultivated had a higher amount of organic
matter and total nitrogen. Also, non-volcanic ash soil in which Namdo garlic was cultivated
had higher levels of available phosphorous. Namdo garlic cultivated in volcanic ash soil
had high levels of total soluble solids and a high allicin content and Daeseo garlic exhibited
a higher reducing sugar content. Furthermore, amongst the macroelements found in garlic
grown on Jeju Island, potassium was highest, followed by sulfur, magnesium, calcium,
and sodium. Iron was the most abundant micronutrient, followed by zinc, manganese, and
copper. These results will be of interest to farmers aiming to cultivate high-quality garlic.

Additional key words: allicin, daeseo, macro element, micro element, namdo, a-glucosidase
inhibitory activity
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QJth(Lee and Lee, 2011). B 52 1970\ ] S Alsf| | ol A Afe=ld TFe olet 228 |2 E9Jsh & =]
ASAIE W AEE e Fatste] A=) ARAFeEd o (Kim et al, 2009&) AlFEE AEirkE 2] 90% o V= ZFAJskAL 21
ok oA ths2 1983 Al nhso] mije]] =Y & A sE1 3ol F50 | wAlde o Bt 4ol $<rat
o] 1986'A0]| thA| nhs Wrgo] E|Qial 1 o] ¢ AREARES AA BEEItHBae etal,, 2010).

7‘4% THH] 290 |THe] B2 e Haet Aol [it Bl S 6371 2 A 2 tefsith(Hyun, 2011), Al

= Arohe Beko s sl Qled, o=t (0 SekE-0 2 ool B FAAe mH SAF B HIsset H]
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7t B EA F 287 B PLFARRR] n]2l= G Uoa etal,, 2009)0 |1t AR A o]l =2 RIS ALS5H0 o 4
A0, i ] e 9 o, 00D 5 o L9 A Il 27
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FAEF] SiokH ARL 2ASY] Sie1o] oS AR Ao EORS AAFIslo] FA7] ol 2mm A2 Baal
FENA TR e EY H AEA ZAHIRDA, 2000)0] Fsto] 24613 Ef pHE EG SR HIE 1152
5} pH meter(Orion Star A211, Thermo Scientific, UK)E o|-835]] 24519t 7| AR Ei=pHe} SUSHA Al 25 A2 5
717174 % = A (Orion Star A329, Thermo Scientific, UK)E-0|-8-51o] 513t EY-77 | =82 Walkley and Black (1934)
Hog ZAHES A0 2 Hafeh RS KjeldahlH 0 2 24519t ek ofole 9 mjekgd A ICP(JY 138 Ultrace,
Jobin Yvon, France)E o]-85}o] BA5199ch -G-8 QA EoF 5g0] QIAEIEM 20mLE W11 1087 Xe 5 of3}E 5}l o
oo FRARA|OFS: o] 30°Co]|A] 3027 HHH AT & UV —spectrophotometer(Lambda 25, PerkinElmer, USA)E o] g5

720nmoj| A ATt -G8 3RS E9F 10g-2 <M (Calcium phosphate monohydrate; 500ppm P-82H) 100mLE-7}5} 302
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59t T oot ok Alz ol 10mLE A @] '@l 25%nitric acid 2.5mL, acetic—phosphoric acid 2mL ¥ 57
TE 7¥olo] 22mL7} E =5 A1%]ct Barium sulphate seed SEFH 0.5mL-E 217, barium chloride crystals 02g-2 475109
205 =of H1’~/\] Zatt}, HE-g-olof gum acacia—acetic acid®] 1mLE 375} 308 50]| UV-Vis SpectrometerE ©|

7|‘% o [= =) o
uhs 25 2mLof| S84 SmLE 7I5ke] wHESH F] 4°C, 17,000rpmo|A] 1027F AA1E2](1730MR, Cyrozen, Korea)S}
o AR M-S Eelotial, PR A (NH-2000, Horiba, Japan) & o]-8-5t0] vl 2F590 9] 7F8/4 115 & ks w41619]

HE B HA vhee RE R Al 70°C°1W AR v A8 QS 24foto] 248 A== o83l
eRd A= 0.5gS EelEEtaTel %*— OH‘E_E OH*H_ —ﬁr VR AFEICPE Ol% gt 14
O

Allicin &2 24

Allicin B 5.2 A5 10] 252 30mL S 7Folel 3057+ Wik s} o], F2ahe Mejsfo|n=. ofrkt 3, 914
B7)E o]85}e] 3,000rpmollA] 10827F QAR5 ARl F5le] 045um syringe filter= oJ7fs5}o] HPLC-
DAD(Agilent 1260, Agilent Technologies, Waldbronn, Germany) 2 5435}t Analytical column-& Agilent Zorbax SB—
C18(4.6 X 250mm, 5pm)E ARSI, 01542 (A) 0.1% formic acid containing water@} (B) 0.1% formic acid containing
acetonitrile2 AJ7tof] Wt gradient 2 -g-2]610] BA415}13IL) 0]5A9] &= 0. 7mLmin™!, A& FYHE-20uL, UV AE7]
w2 254mmol ] A&

BelT B 2
I Aol DNSH(Miller, 1959)& HE 50| nhs ZF5oh 0] 21let SFkS- =451t ZF A = ol 200uLo] DNS A

©K(7.5g DNS, 14.0g NaOH, 126.1g Rochelle ¥, 5. 4mL phenol, 5.9g Na2S20sL )& 200uL =351 95°C heating block(HD—

96D, Daihan, Korea) © 2 15527FHES-A] 7]_1_‘31'”4% SRS 587 4oC ol A HES-S A A7 & Z=24-600uLE H7}515]

o}, UV -spectrophotometer 546nmoj 4] -S4 =5 SAoto] it ek o 2 JERHQILE BFaA L - s e Uk
XA sisick

a-Glucosidase A& =4

a~Glucosidase AAZHd-2 Hyun et al.(2014)2] B of| whah A 619t ZF2Ee] A= 0.05mL o a—glucosidase(0.5U-mL™)

0.05mL,200mM potassium phosphate &2l (pH 6.8) 0.05mLE &3} ]—051 37°Col|A 1527 FH[j9F5ES 3mM p—nitrophenyl

a-p—glucopyranoside 0.1mLE 7510 37°Cof|A] 10 27HHES-A|Z] E]- 2.0.1M sodium carbonate 0,75mL = ¥ &
2| X712 405nmof| A S TS =4 5EITE a—Glucosidase 2] EH41-2 50 7\1] Sl=t] © Qo =5 1Cs 02 eI
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HERO| SHAIB1E U bl HAIS|E Q01 RS LhAI% D 50| 2R A} E0t0) S5 SAf Hla

W= AE2 3NES g Btk o &2 Uehnh AR SPSS(Ver. 20, IBM Corp., 2011)E AF851o] ANOVA 24
o g7t 521432 Duncan’s Multiple Range Test= 73745107 p Z4e] 0,05 m[THd off A4 0 2 -g-0]4d0] Q1

AlFA9 vk AR E 2HRlEe} Bge E R Liro] ERALS AR ZiKTable 1), HAKR} HE /dio] 66.01-
84.04% 74 T2 AFA|SHITt. A nRge] A= 1 Q= SHES] E0t BB B FE(MIAF44.01%, [ E 23.14%) 2 FJ 5]
o] QUi thA] aFzEo] AR Q= SR Er= AlQFE[MIAL39.14%, HE 30.56%), HISHIS|E Bk nA FE (WA
64.54%, A E 19.49%) 3T},

Table 1. Percentage distribution of soil samples for textural classification.

o ) Sand Silt Clay .
Soil series Variety Soil texture
(2.0-0.05mm) (0.05-0.002mm) (0.002mm >)
. Namdo 31.83b° 4557b 22.60b Loam
Volcanic ash
Daeseo 30.30b 39.14c¢ 30.56a Clay loam
. Namdo 33.89a 4244bc 23.68b Loam
Non-volcanic ash .
Daeseo 1596 ¢ 64.54a 1949b Silt loam

“Values in the same column sharing the same letters are not significantly different at the 5% probability level.

lo
j_'o_h‘
el

E g o HEgE LRl ERO] 3184 A4S Aokt Table 2). E e WS Aol E MR & Eqke]
pHE 548 2 7P Uehi9) o v HShIS|E EQFe] pHE 6.89 2 S92 LHERLE 91, thA] uhs-S Afulsi e shats]
E9 E¢pHE 7895 LB HI2MIR] E O] EFpH = 6.27-& eI Hie nhs 2 thA] v Aeliotle 2H4te]
E EOFO] H7IAL T 7170 81dS'm ™, 0.74dS'm & LERA Lo ™ HISKIEIE 21992 7}7}032dS'm ™, 0.66dSm 'S

Efio] sl 7t Rl E of H]oto] 52 A7 5 UePdS o = QASITh ZLefu 215 7E] Bare A2 B
271 gho] AR 7t AtolE LreRjo] E/dof whE 2l H ot E4 2] o whe} th2 7 eke H tHKimetal , 2015ab).
U nhs-g Auishe SHAIS|E 2|99 G 1 B 4.35%S LRI BIsHIS & 2982 05%S LERHITE thA] of
& A SIS ESONA = 6.11%E, BISKISIE A3 39%S LtEtjo] SH4TS|E 2] 2jo] HSKIB|E 2] Hof HIs}o] =&
F7IEES VRS & 5 ASMTh HyunQ011)2 HISKIR] & 0] -9 7|2 3tge] 5% olste|ut sHite] &= ¢ il
SH=t] 2 S Aol M T HISHIRIE 0] 7393 712 2 -3%)2 B oW SHIR &= HISH IR & of H]oto] &
71 ke VFERSITE vhs A 2] 9] 24 itk A7 E R E A E Shts]EollA BlSHIE|E Kt
T TS UERGITE Fie vhso] A1 Qs SR E o= 0.19%E, HISHIRIE ol A= 0.10%5 Urer $ict. tiA
ahs AR A SHESE O] A e 021%5, HIZKIREo A= 0.16%5 Lehiio] ZWha] o 2 SIS E7} HISHE
SERTHe2 A4 S UEISIEE dA1 3 vhso] A= R Al EoFe] fra it g2 HsHIB|EolA =2 oS
UERic) Wi nhs- Aefishd SPeE o] -G a oIt ek 419.02mgkg ' 011, HISHIS)E= 622.11mgkg 0] 3iTt. T
A aksg Alsty SHis|E o] fa Al Slak2 422 81mgkg -2, HISHIS B 582 41mgkg -2 UERo] SHits|E R}
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HIEHISI RO Q14 BRo] 8-S LERGITh Lec ot al (1983)2 SHAISIE R HsHISlE ] uls)o] 712500l
R e P zeMKangetauzou)—?wﬂ
E Q1 Imgkg 0] §Ao] H]SHIE]E(120mgkg ") Rt 1 15]o] & Aok thE 49k Bk %o
S50 LA B N B4 151 1 ool AMESIE SHISTEOD ) 580 HEH. 28 Somke- %, W1
Sl 42t & eI )4 ool AMSIE A4 SISO F T domsie Vi
SlEelAT= 6 87me kg -2 el SHISIE7 s ek § e gleo] e A% B ek 12T ol B 1(Kim
etal, 2015a,b)e T2 A:0] HIBHISLE (15 88mgke )7 SHIS]E 0.5 mgke DT} o 74| LiERe) A shatel 3
HISPIS|E ] Sjeb A4S AR A, tREe] Anbl g Aiolo g EACH/ R T § 4ae] QoA B4
HER= E7elo] ofgh Aok 2] ek 24 SJiek

Table 2. Chemical characteristics of garlic cultivation soils in Jeju.

oo . pH EC oM TN Available P,Os Available S
Soil series Variety . . N
(1:5) (dS'm’) (%) (%) (mgkg) (mgkg")
) Namdo 548d 081a 435b 0.19b 419.02b 28.80a
Volcanic ash

Daeseo 789a 0.74 ab 6.11a 02la 42281b 1646b

) Namdo 6.89b 032¢ 205d 0.10d 622.11a 245d
Non-volcanic ash

Daeseo 627c 0.66b 339¢ 0.16¢ 58241a 6.87¢c

“Values in the same column sharing the same letters are not significantly different at the 5% probability level.

Oll

Hie vhs 9 A vhaS Aeistld AlFte o ehitel & of vlshite] o EAfiohs thdela o A ) nhivle ) 2
£ HEE 20l9IeKTuble 3), Bz vl AEsglel 21937 28 Fape SRSl A Liepgte, 511 2ol
L 119cmol ke ', MSHIBIEOIALE 085cmol k™S LERlek, Tl vhso] Apefshe Aol SHIsIEolA
1.89cmol kg2 LFERH HHH HISPIS] EQFof A= 1.07cmol kg 'S LEFAIE. Hie nhso] Afefih= 2hite]Eofl A o] 2
4TI 6 84cmol ke !, MISISIESIAT 821 mol kg LRSI, 5Hl thA] ool AsIla 2ol ) 24 3
2k2 SIAFS|E of| 4] 24 23cmol kg™ © 2 H]|SIAFS]E 0] 7. 19cmol kg™ B T} 30} o)A} =7 LFERTE Kim et al.2015a)2] 91

ol eJohH Hlehite] & (14.67cmol kg ) HEF 2Rl & (22 99emol kg )7 H2 7 oka LRl ot eHite] & o] F7 2] <
(32.83cmol kg )3k AHF-A] A (13.14cmol kg )7F Ao S H G O H, 1 AL ATE EAJH = 2|7t 2lo]7} gl Zlo] opd
7HA8ZYo] Sk ni 1l e Al ISR B RS Bl Hie vhs2 AHishld 2Hte]Eofl A= 1.09cmol kg™, H]2}
AR E A= 1.33cmol kg -2 LER|o] HISMIR|EZ | oFE =2 Qlde B It tiA rhs Aful 2] HoflA= SHhte]E oA
2.18cmol kg™, HISHAISE ol A+=1.77cmol kg -2 H o] SIS B A OF7t =2 ul 1 d|<5 T2 H St} Lee et al.(1983)
280 79K, Ca, Mg®] o2 SHIS]E oA 22 Holeal 51gl o, 2 -] At AA|sI3ith UEF o> Zat
AHte] AVE B Aot Y uhs AEiR] G o] SIS E o A= 0.01cmol kg™, HISHAES] E ol A+= 0.06¢cmol kg 'S LFERH o]
ISP EoflA] 22 oede H Ik A mks Al 2] & 0] Sp4e] Eof A O LFE & @2 0.04cmol kg 0], HISH 2] &

A= 0.07emol kg o] rt. ZARX|Ho] St FA Yol Bl LHEF ool A2 21 0.2 Hol uighlgo] ofgt B
O YEF A2 njofel 7] © 2 AZIEITHKim et al,, 2015a).
Ol BRI G T71o] 7 igkon] TTke.0 2 A, ol Fe] 402 LehgekTable 3), e upo] A
A Sl ol A d ke 2523ppmeS, HISHATS] Eof A= 42 45ppm2 LFERH ITE. ThA ok AfElA] 4 o] spito]Eof A
= 021ppm= e o oo E ol A= 61 25ppm © & LHefL ohite] & Hrt BlshitelEofl i A glefo] &7 vet
Wk U R A StS] E H k= B2 R E oA ool A LRkttt Hie vhs AR 9 5 SH4te] Eof A o 1t o
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Table 3. Distribution of mineral components in garlic cultivation soils in Jeju.
o . Exchange cation (cmol “kg") Micro element (ppm)
Soil series Variety - i N .
K Ca Mg Na Fe Mn Cu Zn
. Namdo 1.19b° 6.84b 1.09¢ 0.01 2523¢ 58.25ab 1.63¢ 20.83a
Volcanic ash
Daeseo 1.89a 2423a 2.18a 0.04 021d 4248 ¢ 020d 467d
) Namdo 0.85¢ 821b 133¢ 0.06 42450 6225a 7.58a 10.85b
Non-volcanic ash
Daeseo 1.07b 7.19b 1.77b 0.07 6125a 52.75b 2.55b 620c

“Values in the same column sharing the same letters are not significantly different at the 5% probability level.

2 58 25ppmZ; H|SHATS| E ol A= 62 25ppm-2 LFERHSITE. thA] nks AfeliR] o] St s EofA] 42 48ppm-;, H|SHAT S| E
oA 52.75ppm-S LrERfo] H|SIATS Eofl A W7t glago] o] 28 o = QISih e e A it et ARt A dke
Btk F i uhzo] AlE SHES|E A= 1.63ppm-, HISH S| E ol A= 7.58ppm-S LERH ST thA] nhzo] Afelie shit
SE oA o] ] S 0.20ppmO] L BISHIS] E o A= 2 55ppm © 2 HISHIS|E oA =2 ke Bt Wi niso]
Al Spis|Eof|A 2] obl Sk 20.83ppm, HISHATS| EoAE 10.85ppmS LHERH o] SHATS|E o)A -2 ek H L,
thA] uso] Al SRIS]Eof| A= 4.6 7ppm S, HISHATS] E oA 6.20ppm-S LTEF o] H]ShATS| E ol A glafo] A LheRs:
k. B njeklat sRIs|Ee} HIshIS|EZE egatelg Ko7l staiAlut Bk Hisah] eI THKim et al,
2015a,b).

OFs9| F2ME M 4 ¢-Glucosidase?] &4 &A1

At o] skslE 9 Hjshislg o At e ok U ol iheg thdo s ZH8A nEE Seke 24 gtk Table
4), SAHE| RO AP e BHs-£ 8 1 9Brine R QLT HShIS R ool Afeh e nbs-&. 7 8%Brineg UER et 5}
A EOFoA A A o5 0] 9 7.1°Brix UERIQLT BlsRIs|E ool et B8 5 5°BrixE UEolc) 784
THE ke i nks o] Hlsjol Wiz mkso] o] 7 ek om sl oAt shelolA tisg Al
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o
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Table 4. Total soluble solids, reducing sugar content, allicin and «-glucosidase inhibition effect of garlic squeeze from different cultivated soils in

Jeju.
o ) Total soluble solids RSC Allicin | (O
Soil series Variety .y o N '
(*Brix) (mgGE-g’) (mgg’) (nL)
) Namdo 8la 2695¢ 211a 16.06a
Volcanic ash
Daeseo T.lc 9301a 1.88 ab 1629a
) Namdo 78b 23.08d 1.73 ab 21.44b
Non-volcanic ash
Daeseo 5.5d 33.76b 149b 20.71b

“Reducing sugar contents analysed as glucose equivalent (GE) mg-g" of extract.
*Amount required for 50% reduction of a-glucosidase.
*Values in the same column sharing the same letters are not significantly different at the 5% probability level.
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EfH|sHIB|Efoll A Aelid thAl nhs2) Sl o= 71293, 01mg GE-g '} 33.76mg GE-g '] ]t} B nks2] 73
S Egol w2 2o 7t Al ot thA] nio] 79 SHES|E kol A Al A] BISHIS|EQFoll A AHHA| T2 84 =2 Fleke
Holok 55] thA] nhe2 AA|12 0 & Hie nps o ekl ool =] LEldTh Allicin =2 M| Eof A Al A] =7
LERG T i uhEg SRS E oA Afulst 2he 7-9-2.11mgg *, HISHES] E ol A st ke 73-9-1.73mg-g & LFERA
Ak Al 1hz9] 79 SHS Efolli= 1.88mgg !, HISKS| Bl A= 1.49mgg & LERITE Hie nRs0] SRS
ol Al Al a—glucosidase #5232 16.06pL, HIohito Rl A Aal A] 21 44uL-E YRt thA nhs9] 749 oj4ts]
E ool A Al A] 16.29uL2] a—glucosidase A5 LFEFH © 1 HISHATS]EoFo| A AfHl A] 20.71uL 2] a—glucosidase #]
SfeHde Kol FE5E T SRR Eof A Al A] HSF 2] & K ot a—glucosidase A5l 2-d o] =7 LHEFHTh Kimetal. (2015,
b)©] H11o]| OJ6lH SMiHe] & GH2 44mg-g)oll A AHE H e nhs9] allicin @0 HISHER]EH2.10mg g ol A Al 2
Hrp 2 olhe Bl om 2 40 Hie uhs 9 thA] rhsoll M & vl Zeke H 9l 0™, a-glucosidase Aol d HA] -
ALt Z3ke H it nhsoll A 74t ake Ule A< allicin A dd av7} Qli= 21 0 = H11%|] O H(Sheela and Augusti,
1992), 71 @lof| & nhs @ Aol 3l Gl FUERdTH= H 17} glo](Liu et al,, 2005), o] 2{3H 30| EA & Qlsto] nhs
] a—glucosidase A& A7} F-S16HA| Lref= Zlo] obd 7k A3 zto] Hrt.

S ks 2 oA nhee] £ e SRS SR Ak Table 5), A & 7150 2 Wi 1FE(4.62gkg ) k= thA Bf
£(2695gkg™)o], HISHIEE(4.70g kg ) B TH= 2R E(26.87g kg ol A it vhEe] 771 & o] =82 E 5= S
O 4 3 250 34.8%01 2-38 )= 7P o] g0 2l3lom, tha = o] 15.2%(15.1-15.4), 9101 10.3%0.6~
11.0)E 2ol QISIe nlgeAao] 749 2 @6 Amgke ™) ot 7Fd Hol okt o] JIglom tha0 & ofl(142mgkg ™),
U7H6 9mgkg ™), 18] 2. 5mgkg™) <0131t} Yoon et al.2014)2 nFs%0] £71E & ZEo| 7P om thgo g2 g AH
o grtal Hrstelom, AL AT O] FH thi= WL OV HISRE oke B It TRt Al thig bk =i} =8 AT wt
50 F7E ] Ak AR RS R JITHKIm et al, 2009b). “L2{ut L] z|2jof, A& Bl Ajubzolx] et uf
B9 7132 S 24 2R, n s, 2w ol o §19] 79 mie- 2 Gtk (Sa'adatu et al., 2013). T3, o] @ mof
oA 4815t e L4 ul U, ZHE 420 & (Diriba—Shiferaw et al,, 2013), A5 2] upsa} 3.9 AJE3teFo] 2lo]7} A

PV A, EOPE, A1 2 B ol 71 lshe 202 Az,

flo 4

ol

Table 5. Mineral composition of garlic bulbs from different cultivated soils in Jeju.

o ) Macro element (kg™ Micro element (mg-kg") B
Soil series Variety Total (g'kg")
P K Ca Mg Na S Fe Mn Zn Cu
. Namdo 454" 1340ab 038b 0.70a 023a 6.62a 393a 64a 148b 30a 2593
Volcanic ash
Daeseo 386b  1540a 046a 0.67a 021a 713a 525a 72a 12.7¢ 2.7 ab 27.8
) Namdo 434ab 11.85b  039b 0.62a 022a 5.82b 56.0a 76a 122d 2.5b 2331
Non-volcanic ash
Daeseo 392b  1570a 046a  062a 023a  5.12¢ 380a 64a 173a 16¢c 26.1

“Values in the same column sharing the same letters are not significantly different at the 5% probability level.
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F7HFL20]: Je)Al, thA, thered A, rlekea, i, a—glucosidase inhibitory activity
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