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Comparison of phytochemical composition and physiological activity of
‘Hongsan’ and ‘Hansan’, a new variety of garlic

Ju-Sung Kim"* and Jong Hwan Ra'
'College of Applied Life Sciences, SARI, Jeju National University

Abstract This study was performed to investigate the physiological activity of Hongsan garlic and Hansan garlic, which
were registered in the plant breeders’ right in 2016. The content of mineral components, except sodium and sulfur
ingredients, was found to be high in Hansan garlic. In addition, organic sulfur components were high in Hansan garlic.
Moreover, the total soluble solid content, reducing sugar content, and alpha glucosidase inhibitory activity were high in
Hansan garlic. Acidity, pH, total phenol, and flavonoid content were high in Hongsan garlic. Both varieties showed higher
inhibitory activity to gram-positive bacteria than to gram-negative bacteria. The antimicrobial activity of Hongsan garlic
was slightly higher than that of Hansan garlic. These results are expected to provide useful information to farmers who

grow the above garlic varieties.
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Folin-Ciocalteu reagent, p-nitrophenyl o-D-glucopyranoside,
0], Lol FZFAHo]=ZE Sigma Aldrich (St. Louis, MO, USA)
oA, 4241 Toronto Research Chemicals (North York, Ontario,
Canada)ol| 4], o} EUEH-E Fisher Scientific (Springfield, NJ,
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G2 g B4 0mL 32t /5
A7rste] 308 B9t whkete] & T 44EE]7](Combi-514R,
Hanil, Seoul, Korea)S ©]-&3alo] QARSI Y4l & A
Z9S 045um A AA PEIE oJ3}3}e] HPLC-DAD (Agilent
1260, Agilent Technologies, Palo Alto, CA, USA)Z A3} T}.
B8 28 Agilent Zorbax SB-C18 (4.6x250 mm, 5 um)E A}
£33, o] FAS (A) 0.1% EE4RS 353 B3 (B) 0.1% X
s i3 SHMEYER S FEEIE A ole g
0.7 mL/min, A|Z+& 20 ul, UV HE 382 254 nmol|A] &35}
ATh

gejol g BAS 9ate] 1g AFo 30mL 20% o g-e
7hsted 30 Bt 2RTUSEVIR FEINLT, o]F Y2

slth. o] 1.0 mL/min, A EE 10

UV A7) 3L 210 nmolld =380

Kim 5(2015a)°] WHo= & IFBA g SAsI8 1g
AE] 10mL 10% EFZZINELRS H7isle] 147 <t
FAE A=At 02 mL el 02mL 0.0125% 2,4-H4]
Ezdds=giyS shste] 37°ColA 108 B wheARl &
ImL 0.6 N 28I EFS E3s1e] UV-spectrophotometer (UV-
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Folin-Ciocalteu Ao R T #Hz TS 543Kt 100 pL/
mL A9 50 uL Folin-Ciocalteu reagentS #7}ste] 5E7F Wk
< 03mL 20% HRPEES H7Felith. 228132 UV-spetropho-
tometerS AHE3F] 725 nmollA FFEE A AT

Kim 5(2012)°] ¥i-& 45 FAs T ZHtEeol= oF
< Z43Ath 200 uL AlEel 100 pL 10% FAHEFRE, 100
pL 1M oMHEAMEES E31e & 46mLe] 80% oeHeS Wi,
40%7F W& A ©]oJA] UV-spectrophotometerS A3+
415 nmolA SF=E AT

Kim 5(20152)2] WHoz g g3 =433k 200 uL
AlZel 52| DNS Al2kS 410] 95°C 3|¥E-2(HB-96D, Daihan,
Wonju, Korea)ollA 158 &<t HHSAIZ]3L YA TRA] 4°ColA] v

02

& nsEsE 9 pH 3

v ZAFd 8mL F/HTE HUkste] & A2 £ 10
2]7](1730MR, Gyrozen, Daejeon, Korea)S ©|-8-3}
= F3tar, G 47X (NH-2000, Horiba, Kyoto,
Japan)E ©]&3l] wh=e] TE(°Brix) 2 AH=(%)E A5
pHE 5Y3 Waog Aozl AFRE o]&35k] pH meterZ =

gn|dESgy &5

St E A A EA Y ATE (Korean Agricultural Culture Collection,
KACC, Suwon, Korea)ollA & 9 #F5 Hyun 5(2015)9]
el weh RS shise] FRAERES 24 98
o] 359 aBSAd Escherichia coli (KACC 14818), Klebsiella
prneumonia (KACC 14816), Salmonella enterica (KACC 10769)
I} 35 aHFdT Staphylococeus epidermidis (KACC 14822),
Micrococcus  luteus (KACC 14819), Kocuria rhizophila (KACC
14744), Bacillus subtilis (KACC 14741y AM&-3l9T). 3| A&
ANBHE QASNEE o]g310] AgO A EASIC,
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Kim#Z} Kim(2016)2] el Fste] GuhF R do]= oA
AL =AU 50 uL Aol 0.5 U/mL Luh-FFIAH o=
FA4 50 uL, 200mM UAFEEHFH(H 6.8) 50 uLE 713k
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noside (PNPG) 100 uL= B3 37°CollA] 108 S<t kA ZiTh
0.1 M Na,CO, 750 uLE 713l ¥k3-& AA|A713 71”2l pNPG
2HE fEHY Yos v APE pUERHAES 405mm
N FREE A GuFFIAA b |2 S 50%
A sl 2eF TS 10,28 YERHITH
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A4 Ade Hatx
o] ol SPSS =9

At} dlelse] FU1E EFS Table 19 YERATH did
AolA Ao} vl ke FAknkso] gibvlse] M
3 28 A= =UAThp<0.001). = 9] <, ZF 2 ZHS v
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FalsRt 24 Yeth v s e old e AlLs W
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Table 1. Total mineral concentration of new garlic cultivars ‘Hongsan’ and ‘Hansan’

o Macro element (%) Micro element (ppm)
Varieties
N P K Ca Na Mn Zn Cu Fe
Hansan  1.08£0.00 0.42+0.02 1.28+0.02 0.04+£0.00 0.04+0.01 0.03£0.00* 5.10+0.28 11.80+0.42 2.50+0.14 37.75+5.02
Honesan 2.00+ 0.47+ 1.34+ 0.07+ 0.08+ 0.02+ 10.25+ 12.55+ 5.25+ 82.60+
& 0.03*** 0.02* 0.05 0.07#** 0.00%* 0.00 0.07*** 0.92 1.34%* 13.58**

Significant at *p<0.05, **p<0.01, ***p<0.001.
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Table 2. Concentrations of organic sulfur components of new garlic cultivars ‘Hongsan’ and ‘Hansan’

Varieties Sulfur (%) Alliin (mg/g) Allicin (mg/g) Total pyrubate (uM/g)
Hansan 0.77+£0.23%* 12.98+0.23%** 2.59+0.13%** 161.22+25.66*
Hongsan 0.69+0.02 10.10+£0.64 1.08+0.04 122.34+3.67

Significant at *p<0.05, **p<0.01, ***p<0.001.

Table 3. Total soluble solids, total acidity and pH of new garlic 2ol gA] B3 FPFE BYThEHAE 1298 mg/g, 34t 10.10

cultivars ‘Hongsan’ and ‘Hansan’ mgle). T} 9 T EES AFoA ANEE YErsE77

Vaieti Total soluble ~ Total acidity mg/g)E\:]-—— =2 s JEMATHKim 5, 20153; Kim 5,
arieties 1 o pH

solids (*Brix) ) 2015b). 3L, e, AF 2 A A deise] gelel

Hansan 7.95+£0.07* 0.37£0.12 5.93+0.02 s S A AFAN ‘;%Q}E‘rl‘— A7t Qo] Ak

Hongsan 7.65+0.21 0.40+0.02 5.96+0.01* I} %&u}g—gj— SA|Hol| Ay sichH Q] dtEko] =A UeX

Significant at *p<0.05. = 5 A4t deastEE A7 %E‘r(Hong 5, 1997). gElale]

739 =259 mg/g)el TAMHS(1.08 mg/g)Hth 248 =%k

THp<0.001). 53], FHtulzo] 79 AFolx Aulss HAEg vt

AMutse] F1E F3 vissl gt e (Kim 5, =9 ¢gAl gEFRo =4 UEETHKim 5, 2015a; Kim 5,
2015a; Kim, 2015b; Kim3} Ra, 2016), Z-§, ©l, vf2dlg 2 2+ 2015b; Kim3} Ra, 2016). &&uv]o]= &aof oJs] WH3lE ZF 3
T o2 HEol AU ThHaciseferogullar &, 2005). 53] 2 FHAbS g GA] sHlmlselA =4 UERSTHERE 161.22
Qlo] FFe olxzglFlo|A] ALtE = visRT 953 2 &% uM/g, B4k 12234 uM/g). Hong 5(1999) A& mls (gt}

< YR THDiriba-Shiferaw 5, 2013; Sa’adatu, 2013). )l HHF visEEres)RT G2 Tl o o vk
s B4 RS v 2Fo] U Aol 5 Aol wE e Apol7h vebted], @' 2wyt ATl

H &490 gEldlo|ze o5 dElle] dElilozm EaEa o] Aol Gl ko] Aole flloy #A okl HeEtelMe &

oA diallyl thiosulfinate®} diallyl disulphide® #s=™ o©]z]3k o] - Solxl=t ol gEule|ze Eage| ol &

5259 thiosulfonate”] 7} SH7|9} Z33lA] RE-&-3te] AT Ate]] Rlo] ®aljEo] Fol& AR WISt

A2 FoZA et A, THAs T e B5S ot gt whse] VHeAd IR E S 7.80°BrixE UFERA

EliAl Eth(Chung?} Choi, 1990). Avk=3 ks vEr“a° F9 3 o, FAHE(7.95°Brix)e] EAMHS(7.65°Brix)E.th 97 E9ko

SRHES dElkloltt. BE mls A Sgkg A= dEllS ), AHE= 0.38%, AEH] pHE 5945 UERHOH FAknlso]
kAL o, ozl Anpse gl §hegol } 2 wom 37 Fhrbibs Rt o7k E7) UERth(Table 3). 91 F #5¢] ke
mg/g A= FH3IZL At Miron 5 0, 2004). =3+ Amagase 5 AZoA AHEE GrnishHt 2o 1eA 78E sS4
2001y H Bo JAAToNN Erd nis —‘dr%} dY 2§ len Adre @A YERTHKIm 5, 20158 Kim 5,
o] 900 mg 7HAEL E_Lo}MDk Ak StabelEe] 3 I- 2015b).

AEe] TS 2ABIATHTable 2). 3 #H 33HE] FFe I k3l Sabelse] F dHE, SElEko|s, SdY d9F 2 &
Ahlso] Fahuls R BA) YERstth 248 2pololzl skA| g u%%%:wtﬂtﬂz ARG S S H(Table 4). & #l=
sl & 3HER0.77%)°] SARS(0.69%) R T =okem & 2ol A ZAulsolA 122.85 mg GAE/100 g& UERd L §Hat

Table 4. Total phenol, total flavonoid, reducing sugar contents and alpha glucosidase inhibitory effect of new garlic cultivars ‘Hongsan’
and ‘Hansan’"

Varieties TPC (mg GAE/100 g) TFC (mg QE/100 g) RSC (mg GE/g) IC,, (nL)
Hansan 57.67+2.67 18.07+1.08 42.1642.75%** 16.28+0.12
Hongsan 122.85+4.01%** 30.5441.53%** 29.34+0.69 17.48+1.29

"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; Amount required for 50% reduction of
alpha glucosidase. Significant at ***p<0.001.

Table 5. Antimicrobacterial activity of new garlic cultivars ‘Hongsan’ and ‘Hansan’?

Minimum inhibitory concentration (%, v/v)

. Gram-negative bacteria Gram-positive bacteria
Varieties
Ec Kp S.e S.ep M.l Kr Bs
Hansan 0.63 2.5 1.25 0.63 0.31 1.25 2.5
Hongsan 0.63 1.25 2.5 0.31 0.31 1.25 1.25

"The minimum inhibitory concentration value against bacteria was determined by the serial two-fold dilution method. The growth of the bacteria
was evaluated by the degree of turbidity of the culture with the naked eye in twenty hours. E.c.; Escherichia coli KACC 14818, K.p.; Klebsiella
pneumoniae KACC 14816, S.e.; Salmonella enterica KACC 10769, S.ep.; Staphylococcus epidermidis KACC 14822, M.L.; Micrococcus luteus
KACC 14819, K.r.; Kocuria rhizophila KACC 14744, B.s.; Bacillus subtilis KACC 14741.
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vlsollA] 57.67 mg GAE/100 g& YERfo] F #5357+ 2.18]9] 2}
o]& Yehfo] FH3 Aol2 BEATHp<0.001). AFolA Auj=
= derled vwsid skl A9 Wakout s4hhvkse]
A9 953 2 IS UEMIATHKim 5, 2015a; Kim 5,
2015b). & SefHol= ke FAlsollA] 30.54 mg QE/100 g,
Sabalsol A 18.07 mg QE/100 g& YERHATH(p<0.001). wHH|
T 39 3T T A=A 2934 mg GE/g, vt
EolA 4216 mg GE/geZ Iintse] g o] o =7
YERATHp<0.001). 9] F F5<] ST T2 AFelA A=
£ ghvlEey HEhtg EoA AulEE tiMriERtE 52
TFEE Ao KIS ElA Al tiAHlE(93.01 mg GE/g)
ke v s JehIAtHKim 5, 20152; Kim %, 2015b;
Kim3} Ra, 2016). Yu-FFIFAH0]|Z B F EFolA
48 ZolE Yehflon Stz E& AEAds o
ERATHEHE 1C,=16.28+0.12 uL; 34+ 1C,=17.48+1.29 uL). L}
FEIAY )| ZE 2 AUAE EAlE 42 AWE A
Fd olFFHY UFFHE dIFRE Esls f4E 2 Y 4
I ks FEEC] BslEe] Astel F4E AAAFORE 5|
2% o] s dANATE TH4E e F dS Ao
2 7] ¥ tiShin &, 2009).

Faks) gtk mAESAS 2SI tH(Table 5). F &
F 25 M luteus®l T3k 031% (vE 7P 43 giE
2ds BT nlse A E colist S epidermidisl A
0.63% (vv)2] A4S Btk Bxvlse AL S entericadl =
031% (viv)el &3E HIom olofA E colilA 0.63% (v/v)S]
g4 YyepgSith 2 9 K pneumonia, S. enterica, K. rhizo-
phila 'R B. subtiliso) A= 1.25-2.50% (vv)Q] sXolA AHsiEA
S Yeblth 3 S entericad A3 BE oA ZAkmlso]
SHrls R e AEEA o] HISEAY Hold 38 BT
3l A AFA G ArkEe drrkse] duAESAS &
ARgt AsE Blon aSAddEt aggdwe] ek A3
o] A YERTHKim F, 2015a; Kim &, 2015b). #H&9
PR ZLEAL A, AR, THolE B8 QAEEE A
SR Aol glon, Btz Fo| -S-S(0)-71E 7KL 7]
u ZolthSmall 5, 1947). AFollAl HY9A4S Yeplle o3 %4
A g e Al 1989 dig s IrAESAES dds 2
I vlERe 48217 HAFAAFEIT 3L 5.5 mg/mLE YEL

ow, npsREe] AL 25mgml AEE YERATAL o] 2
A7) Aol ¥sdt 4FE BHTHRoss 5, 2001). TFEF st
2hg-o] BRI IsletEe] o] hibulsol] Eoksol® &
T3 Ak OiY] Holur] 23 AL g4l Y= HE
oy Fefrole ko] JFS mRl o] opdrt AztE).
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