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Abstract Garlic sprouts can provide data on functional and food processing
materials. This study compared the leaves, bulbs, and roots of garlic sprouts grown
on smart farms during two growth periods (20 and 25 days). In addition, data for
garlic bulbs grown in open fields were presented as reference materials. All garlic
sprouts  total free sugar content decreased as the growth period increased. All plant
parts’ total organic acid content decreased as the growth period progressed, except
for the root section. Potassium, phosphorus, and sulfur content increased during
growth in all parts of the garlic sprouts. Alliin content decreased in all parts of
the plant over time, whereas thiosulfinate content increased in the roots but
decreased in the leaves and bulbs. Total polyphenol content increased in all parts
of the plant during the growth period, except for the bulb, whereas the flavonoid
content did not change significantly over time. The 2,2-diphenyl-1-picrylhydrazy
(DPPH) and 2,2"-azinobis (3-ethylben-zothiazoline 6-sulfonate) (ABTS) free radical
scavenging activities, as well as the superoxide dismutase (SOD)-like activity of
garlic sprouts were 37.45-65.47%, 59.12-89.81%, and 89.52-98.59%, respectively.
These activities tend to decrease during the growth period. Here, we showed that
garlic sprouts have higher levels of functional substances and physiological
activities than general garlic sprouts. It was also determined that a growth period
of 20 days was suitable for garlic sprouts. Data for research on functional and
food-processing materials can be obtained by analyzing garlic sprouts produced
by smart farms.
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1. M2

U=(Allium sativum 1.)& W8T Liliaceae)o] <45t
= &1 i F SHUE UE JasEy E9%, SR
9 BERlE Eol 3hastal flow 53] <l AE, HE
Bi, HIEH B, o] ¥t Kwon &, 2006). PFe< o
=2 0]:_8_/0‘:'01] ]:]] OH 2~H o]—%o] iy Q]—_g]—o _,] o]—i:g:ol =
o FAEL diallyl disulfide 23-39%, propylally
disulfide 13-19%, HF4E 0.5% 52& 4#A Uct
(Lee 5, 2011a; Sung &, 2007). S-ally-L-cysteine
sulfoxide(Alliin)= 52 7]—"3 42 47A gl
allinase®] 23] allicino] A344%
diallyl disulfide ¥ AF sulfideR = EdlHtHlee 5,

2007). £3], diallyl thiosulfinatex W]E}T] B3} H|=3t

3% diallyl thiosulfinate,

yelgde } 2 ofujet Alelx E471 miET il
A IAS kA8 HARAI|S AT Sy 9 =2

V\Eﬂ Ta 59 AR5H Aol BiEo] JIrHKim
=, 2005; Yoon 5, 20006).
"H’ﬁ‘ﬂl'xﬁi% Ut Yart FAof v 3-4H) =2 E2T
=, U, ©58kE, HEH 9 O]'”]Er—*} o IFES
2011) X}g H]

A= —?ﬂ*ﬂ*—*&fﬂ 0@3—}4 %H(Chm 2013)4 T
= A(Chun 5, 2017) &
JO%"U} o] & x% Ao, Auhzo] tigt A+t vl 1
Aol

ARERL 250 BEEE 7] P PE
ICTe} HEAA =58, ofvA], v 4= &5 1L
& YA 7FssHA ok AlA”loltH(Lee 5, 2019; Park
, 2020). AUHERC] AFQ A= LEE Z7HolA
a5 st HA o2 v HA(Ko 5, 2019), AAH
S(Park 5, 2014) ¥ F3(Kim 5, 2016) So& Qlgt
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22 g WA 183 RS (Jun 5, 2011)S 2
% 9 o] Sick. ojgt 2o FYo AKee] Al
Z270] & A-HKim, 2021; Kim 5, 2021), A&149]

I

BEA 710 2 FAH T AE(Seong 5, 2022) 5 HHF
3 AES FOR ATt o]FoF o, AHETOA A
AbEl Ao AT wH|sE Aol

kA AntERO|A YAHE AfEuRse] 7)e4 9 AR
A A7 283 HA ALY A dgt 7| 2ARE
AgotaAt fHoHsS AS717H20983 259) wet 2
AEHEI-AY, 7, )2 FEsto] olsiehy &4 EA
2 FASIYS vl sk, XA vhse] HlolHE
3 ARE AASF

2. Mz % diH

2.1. &g Mg
2 Ao ALgH AT (P)ACIE FA3AEY
(Haenam, Korea)olA €% 20T, §% 46% 181 &

3,600 Ix Z2zIstoA Aefistglon, AS7|1ZHESr; 2022
| 5¢ 16¥, 20224 59 209)] ot 483t A8 S AT
ottt 31 A5 2 AREE Ayl ke AlS Tl 9]
£ Mg AlEE ARSIl A2 Adtas A4
(garlic sprouted all, SA), 9]¥A(garlic sprouted leaf,
SL), 7X(garlic sprouted bulb, SB) % ¥&(garlic
sprouted root, SR)Z Z}Z} E53 t}S 52 7Axsto] &
Aof| ARgsHiTt.

URHFE-S AOACH(1990)9] F3to] B4t &, 4
B ke v ggE AP ARE A F 105C
dry ovenollA] 4A7E o]4f AR AY ARYoR &4
St 23E-2 v gFH Tt ARE 7‘8%& o
250C oA AuErslet o 550C oA HA4-3 3

Hol ol A sheshe ARslshl o RAsteck
Zh o] ohF2 Kjeldahl"| o2 &5, $31 7 2 &
oz S dag] AaAS 6.258 &9 AFESIA
on, 2299 FFL Soxhlet FEHOR 28 &3
AA Aa F A FE519 o

=
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Quality characteristics of garlic sprouts produced by smart farms

2.3 228 & R/ e 24

9 o] B0l Wilson 5(1981)2] wiof wat
AT & AR 1 goll S575 50 mLE 7hsto] 44171
FZ&3%F 3, 0.45 pm membrane filter(Whatman syringe
filter, Toyo Roshi Kaisha Ltd., Tokyo, Japan)& %}
gt oA HPLCE ©ol&ste &4t Column
carbohydrate column(4.6 mm L.x250 mm LD.,
Waters Co., MA, USA)& AR89t 2, column oven
2= 30T, mobile phase® acetonitrile : water(75
: 25, v/v), flow rate= 1.0 mL/min, detector= ELSD
2000ES detector(Alltech Co., MA, USA)E ARE3SHIITH
714k ] EA4ol= Gancedo 5(1986)2] ®Hol w2t
A& 1 gol 37 50 mLE 7ot 4417 &3 F, 0.45
pum membrane filter2 o]7gt o] HE HPLCE ©]-&5}0]
E4519 . Columne
250 mm., Grace Co., Deerfiled, 1L, USA)& AF25}90
o mobile phasex 0.2 mmol KH,POy, flow rate:
1.0 mL/min, detector®= Waters 9962 AR&-sto] UV
210 nmollA SAsIth. 2719 g2 YR AETHOR
e AT

organic acid column(ID 4.6X%

23/0/0/i A BIEF AT
NZZA(MEDS, 2022b)2] A4 Ea]
o2 A LA 3 A2 05 6% AUl
550-600C & J3PAZ] & SRR A4 & g4k8H 10 mL
£ 71l 7}0“\]74 z””\]%l"f} o] AirEo] AR 10 mL
2y ¥ 100 mL HlAZ2RAT0 ojsio] £4]
S /\}—8—6‘]-55\\:]'. 7—} F71489] A3 Atomic Absorption
Spectrophotometer(Analyst 300, Perkin-Elmer Co,,
Norwalk, CT, USA)& 7 9449 &8 5=5 1, 3
4 5 mg L& A5t RELAH TAS FAJsto] EAs)

24, S48 &

BI)R BHE 4

S ajotu| Al BAO AZTH(MEDS, 2022a)0] 5}
1 g& AFoto] TF4 10 mLE 7hot

HE2 A F&5to] AAT &
2 S 0.02 N HClo.2 g3fj5}od
m membrane filter® oJ1}gt o B-& ofu| A Z};

U
5475 olg3te] HAIsAC

2.5. Alliin 2 total thiosulfinate 8/3F 241

Alliin ¥4 Oh 5(20110)9] ol wheh E4s1%c.
Z, AR 1 gol 754 50 mLE 7I6te] 4A17F 5 7,
0.45 ym membrane filter2 oJ3}3t of ML HPLCE o]
&5t EAsgtt.  Columne RP18
4.6x250 mm, Waters Co.,)& A5}, mobile

phase= solvent A= 20 mM sodium phosphate

column(ID

monobasic dihydrate + 10 mM sodium 1-heptane-
sulfonic acid(pH 2.1, 85% orthophpsphoric acid®
pH %)%} solvent BE solvent A :
50, v/v)E Argslitt. SR AL solvent BE 0 min-
7%, 50 min-50%, 55 min- 50%, 60 min-7%, 80 min-
7%9] 71&7] &2 stol|A, flow ratex 0.5 mL/min,
detector® Waters 996 AH&-5to] UV 208 nmolA 5
Aot g YR REEHOE YESITh

Alliiin®] £3] A34E<! thiosulfinatex= Shin
(2011a)9] ®Hol wet EAsksinh Al= 1 goll 7= 50
mLE 7Foto] 4AITE S5 U ot oS FAo] ARE-
ol o] &9 0.1 mLol 2 mM cysteine©] $H+-E pH
7.59 50 mM N-[2-Hydroxyethyllpiperazine-N'-2-
ethane sulfonic acid(HEPES) €9 0.5 mLZ 7}ttt
o17]°fl 50 mM HEPESE 7ol 5 mLZ -8t th 27C
oflA 107t ¥FEAIFH. o] ¥ 1 mLE Fsto] 50 mM
HEPESZ A|Z3t 0.4 mM 5,5'-dithio-bis[2-nitrobenzoic
acid(DTNB) 1 mLE 7Fsto] 2 S33k the thA] 27ColA
1087 ¥8-A171 & spectrophotometer(SPECTROstar
Nano, BMG Labtech, Ortenberg, Germany)E °©]-&5
o] 412 nmoA EF=EE =759t 50 mM HEPESZ
A %3t 0.05-0.3 mM9Y] cysteine 89S EEFEHZE 3}
0.4 mM DTNB &% 718 1083t §HSAIY] oy 54
ZZ00A FBEE F7F0te] AT REAFIAHCE AR
Skoitt.

acetonitrile(50 :

I

ol

2.6 E2/hjs 2 S2fHL0/E gEF =X

Z2Z9d= =R Folin-Denis®(Folin® Denis, 1992)
o we} A2 1 gofl 285 50 mLE 7ok 4AI7E 25
% o33t ofH 2 mLoj folin-denis regent 2 mLE 7}st
o 38 ¥ 5% NaCOs 5 mLE Tgoto] TAAIZ] o3 14]
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ZF 923t &, spectrophotometer(SPECTROstar Nano,
BMG Labtech, Ortenberg, Germany)E °|-&sto] 660
nmolA S FEE 245192 gallic acid(Sigma-Aldrich
Co., Louis, MO, USA)E 7|&C.& Fhalkstoict.

FEZetEolE S Park 5(2019)°0 wet 45K
o &, AR 1 gol S57=F 50 mLE 7Iote] 441 5 &
o 73t o} 200 pLofl ofgkZ 600 pL, 10% AAILFH|
40 pl, IM ZABZEEY 40 pl 123 357 1,120 pls
Z31st th2 spectrophotometerE ©]&5H0] 415 nmoll
A ZFEE 274519 0 quecetin(Sigma-Aldrich Co.,)
< 71522 gHbstoit

©

o

2.7. gt 2 5

1,1-Diphenyl-2-picryl-hydrazyl(DPPH) &ttjZ &4
g 42 Blois®] B (Blois, 1958)& Hsto] Z4o}
At Al 1 goll 54 50 mLE 7Fsko] 4A1%E
o 75t o 150 pLo] 2x10™* M DPPH solution 150
uLE A7k, voltex mixingdho] 37T oA 30% 59
U AT 1 & spectrophotometers ©]-8sto] 517
nmoA EFEE 4519 2H, A control - A sample
/ A control X 10002 AAlsto] ARFo]5(electron
donat-ing ability, EDA(%))2.& HA|5}AHL}.

2,2'-Azinobis(3-ethylbenzothiazoline-6-sulfonic
acid) diammonium salt(ABTS) &tt]jZ A4 &4 &HL
Re 5(1999)9] Ho] E}E} 27451t 7 mM ABTS &
3 2.4 mM IAPEES EFote] oA 24417t &<t
9REAIZL #, 732 nmollA &8 4te] 0.70£0.027F A
SHTE 461 A= 1 gofl 7 50 mLE 715t
4ARE % T o7t ofd 50 pLof 3AE ABTS 200 nLE
voltex mixingdto] spectrophotometerE °©]-8-5to 734
nmoA EF=E =459 29, A control -
/ A control x 10022 AWiFsto] ABTS scavenging ability
%)E HeErH AT

SOD 44+ 4L Lim(2021)°] wet 24319} A=
1 goll 75 50 mLE 7Isto] 4A1%F & & o35t of 9
40 pLol Tris-HCI buffer(50 mM Tris + 10 mM EDTA,
pH 8.5) 120 xLe 7.2 mM pyrogallol 40 gL voltex
mixingsto] A-Lofl4 10% §H&AZ1 & 1 N HCI 20 LS

== 5
TF= 5

A sample

https://www.ekosfop.or.kr

7¥sto] Hhg= 93 F AFSHE pyrogall®] &
spectrophotometerg ©-85t°] 420 nmoIA SF=E

=
2359 o FFEZARE ascorbic acidE ARE-51SITH

S A A7)

2.8. EAHAzE

BAAY = AAEHE 33] o4 WS AAJste] SPSS &
AEA T2 7326, IBM Corp., Armonk, NY, USA)E O]
45t91, mean+SDE Fol¥ S
range test(p<0.05)° s BHA| 79 §-9448< A

™, Duncan’s multiple

=

@
i
p [
k=
U2k

3.1. QB8 =4

A&7 e ARkl FE AR 54 A3t
= Table 13+ &t} 23} 23129 ¢ 577k 02
RS WehlA] okokont, 2y} A
of B Walke Yehgleh. 2ado] 739 20 A SL
AZT9E SR AlmT= 42 40.37%2F 45.35%% 7HE &
okom, 259 A Eek SL A&} SR AR} 7t
35.54%9F 31.85%% 7P =T SA AlRTE At &

AggolA 5717kl dojgo) whet e ghegol
Shz S UEHISlTh Ao whE 2] 3t
Az 48e St iAoz AH[2 Qg Ao
THEHOh 5, 2014). £A¥] 4% SL Al=77} 204
| 2.39%°14 259 1.88%2 71 & T4 =& Yehf9l
o A o] Wohe A8 4 A e 24 3
A} ofuA o gl AHE QI3 Ao dekdnt
(Kim &, 1988). A1¥uks9] SB Alm+= 45717kl Lo
Hof| wet 2ol 2A2 2 Heks YERA] o9k
MY fAshe FFe HEIH 8 o H;]E—(ﬂ
o] B e vhe2 26.16%%2H, AMETRsS]
SB A== 209 Ak9} 259 A} Z47F 23.07%9F 20.15% 2
YERLT. Kim 5(2009b)°ll w2t A28 vhsof vty
B& 8 57.4-66.4%, £2HA 772-9.97%, FAT
0.063-0.728%, £3& 1.19-1.65%%, $2& A<JstH
Fehjdo] 8 dnbgioz yeht £ AFAeL fAF
s oL A2 Aol el Lee 5(2011b)2 7

v

3

¥
B

= o - N
r&“
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Quality characteristics of garlic sprouts produced by smart farms

Table 1. Proximate composition in garlic sprouts according to parts and growth period (%)

Components  General 20™ day 25" day
garlic bulb -
SAY SL SB SR SA SL SB SR
Moisture 3.03+0.15  4.39+0.017% 756:0.33°  2.54+0.04" 5.80+0.36° 3.25:0.47° 7.2080.23°  2.03:0.32"  5.17:0.30°
Crude protein  26.16+1.09 23.21+1.67° 40.37+0.17° 23.07¢#0.13" 45.35+1.64%  29.62+2.24° 3554+3.78° 20.15+0.90° 31.85+0.26¢
Crude fat 0.63:0.18  0.34+0.10° 2.39+0.431° 0.47+0.06® 1.25+1.13° 0.76:0.06°  1.88+0.02°  0.54+0.24% 1.24+0.03°
Crude ash 389+0.15 4450307 7.67+0.05° 3.91#0.12° 12.30:0.27°  551+0.13° 7.56£0.20° 3.52+0.20'  12.24+0.13°

SA, garlic sprouted all; SL, garlic sprouted leaf; SB, garlic sprouted bulb; SR, garlic sprouted root.
2l values are mean+SD (n=3).
IMeans with different superscript letters in the same row are significantly different at p(0.05 by Duncan’s multiple range test (aYb)c)dde)fdg).

Luz9] A SHFS 36.89%%, Jeung 5(2008)2 < fructose® Hsto] B AxLAue} SAstaTt Aj&at

FAAZX vk 2 SRS 19.46%2 Hilsto] B L9 289 3HES 209 144.51-265.26 mg/100 g
A+Z A 259 86.92-177.42 mg/100 gl & HE FOlo]A] B3-S

3ok fASET 71E A7 F3F Aol vk
F53 887 S0 ot G ol AxHe] o
8 SEegol gaHuA JrhHoR S o]9e] ol

ot ggro et

717ko] ZAojRo| we} o] Fhadhs A UERHIL
], o= /g A3t A Y] gAY O R o] gElo] S
7170l AojRo) wpet TR To] AaEe Ao
e th(Sheikh 5, 2022).

3.2. Re/g & R[4 B=71700] ATl FoE {4 o B4 A

L7170 mE AEe] 2eid R o 24 At
= Table 29} 2t} BE Ag519] 8 4832 fructose®
Qul vl 54.00 mg/100 g 181 87|17 2093} 259
D% SA AlE77F 165.95 mg/100 g 111.85 mg/100
g0 2 7F} =2 sk YEMY AT Gonzalez-Ramirez
5(2022)7} Zhao 5(2022)° WEH w9 9 {7

Table 37 2t} A¥t vh=9] A9 100 g T oxalic acid
33.84 mg, tartaric acid 28.76 mg, malic acid 16.64
mg, lactic acid 5.24 mg, acetic acid 25.89 mg %
citric acid 35.81 mg 2.2, oxalic acid®} citric acid”7}
7P =2 S YEr Y Choi 5(2016)2 o= 37t
o g HAAY f714F £4 23 vk FH7o 9

Table 2. Free sugar contents in garlic sprouts according to parts and growth period (mg/100 g)

Components ~ General 20" day 25" day

garlic bulb 2

SA SL SB SR SA SL SB SR

Fructose 54.00 165.95 124.83 110.40 62.42 111.85 84.40 50.09 43.50

+0.862% £3.21% +0.29% +6.84%A +0.90%A +7.75%A £3.95°% +1.39%A +0.90%*
Glucose 12.31 26.58 112.15 26.05 56.50 19.60 70.53 22.27 43.47

+1.238 +0.37% +2.95%8 +1.19%8 +2.19% +0.59® +2.98% +0.70® +0.81%
Sucrose 12.77 5.45 7.09 5.40 10.51 5.72 9.70 5.23 10.71

+0.56° +0.16% +0.38°° +0.17% +0.93° +0.79%° +1.28¢ +0.11P +1.14%0
Maltose 11.81 13.88 21.19 9.92 15.08 11.89 12.79 9.33 13.88

+0.41° +0.53%C +1.48%C +0.40° +1.22%¢ +0.23% +1.70°C +0.81C +1.17°€
Total 90.89 232.86 265.26 151.77 144,51 174.06 177.42 86.92 111.56

USA, garlic sprouted all; SL, garlic sprouted leaf; SB, garlic sprouted bulb; SR, garlic sprouted root.

2l values are meantSD (n=3).

IMeans with different superscript letters in the same row are significantly different at p¢0.05 by Duncan’s multiple range test (a)bycyde)f).
Means with different superscript letters in the same column are significantly different at p{0.05 by Duncan’'s multiple range test (A)B)C)D).
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Table 3. Organic acid contents in garlic sprouts according to parts and growth period (mg/100 g)

Components General 20" day 25" day
garlic bulb ;
SAY SL SB SR SA SL SB SR
Oxalic acid ~ 33.84 59.53 56.66 31.52 319.38 76.89 56.69 29.71 299.12
+0.172%  10.44%® +0.16% +0.13 +0.90% +0.00% $0.13% +0.03° +0.40"
Tartaric acid 28.76 4145 24.35 40.30 49.10 40.56 20.35 35.62 49.41
+0.37¢ +0.59% +0.10%° +0.23° +1.16%° +0.26%° +0.02/ +0.20% +0.09°°
Malic acid ~ 16.64 38.60 224.94 26.35 56.80 15.58 151.65 29.44 65.90
+0.28" +0.66° +4.00% +0.15" +0.67C +0.27% +2.92% +0.54™ +0.72°¢
Lactic acid ~ 5.24 64.75 17.56 57.00 67.70 65.45 5.67 74.05 67.70
+0.11° +0.02%A +0.32°F +1.08" +0.17%8 +3.07%8 +0.12% +2.33%4 +0.54%8
Acetic acid  25.89 42.89 31.03 49.27 12.65 47.92 14.36 56.35 27.54
+0.13° +0.52°P +0.64°%C +0.09°8 +0.01¢F +2.46°° +0.11%° +1.81%8 +0.57%
Citric acid ~ 35.81 51.45 15.51 4754 22.97 27.31 14.48 21.99 23.93
+0.72% +1.41%¢ +0.09°F +1.12%¢ +0.27 +2 51 +0.10°° +0.19% +0.22F
Total 146.18 319.67 370.05 251.98 528.6 298.71 263.2 247.16 533.6

USA, garlic sprouted all; SL, garlic sprouted leaf; SB, garlic sprouted bulb; SR, garlic sprouted root.

2All values are meantSD (n=3).

IMeans with different superscript letters in the same row are significantly different at p¢0.05 by Duncan’s multiple range test (aybyc)dde)fdg).
Means with different superscript letters in the same column are significantly different at p{0.05 by Duncan’s multiple range test (A)B)C)DYE)F).

oxalic acid®} citric acid7} &2 tjv] 2 $=F S/
H15le] u=9] Q8 87)Aro] oxalic acid®} citric acid
2 ARHY, o= & d74%e} A5l AR
8% SL AlZ9} SB A&7t B57|7to] Zojof what
Zastlon, SR A&+ B¢ i F7istke B o
RSt Mandim 5(2022)°] W29 otejx3(Cynara
cardunculus L. var. altilis) YARE7}F &8 w2t §7]
Ab L 7F 4ol ol SR AlETE ARt He Al
et A5l 77149 B A ES] Abstet #h
o] &= Aoz HA QloJ(Igamberdieve} Eprintsev,
2016) SL ) SB ) SR AT &0 |74t T=F ¥ishr}
Uit Zo = AlmH

3.3 FII&2 ¥ FE/0t0/At BE

A&7t T 7o Ao 1w o 24
A= Table 491 At 8 F7AES HE AlRTofA
potasium(K), phosphorous(P?) % sulfur(S7} 2z}
931.39-3,015.08 mg/100 g, 355.31-491.59 mg/100 g
9 201.81-836.35 mg/100 gO.& Yelgton dut s
9 A% K, P ¥ S ¥F2 247 1,007.69 mg/100 g,
355.31 mg/100 g & 208.30 mg/100 gO.2 LEtsTY.

https://www.ekosfop.or.kr

SEXSH[RDA, 2021) F7tREAZGER] G2 5
271% vz K PY g2 7217t 1,852 mg/100 gt
174 mg/100 g2, B AFAFe} o] 9 7|42 K
o} P2 IO, FF2 Zfolg EHth F7|HRY
SFatol= Al (Shin &, 2011b)2 4HA]7](Chang
5, 1999) 5ol W2 JFoz werdch A= S
717ko] ZojR]of what R gFo] 7ok AT U
EhfgloH, A& g 94 S50t 4 181 olF
(Melkikh &, 2022a)°] 9Jaf| Ast-2 L%l +(SB)
I BE(SR) AETY F71E0] & AR wotH
A&7t w2 2opd fHuks9] -2 ofu] Al T
4 A3H= Table 59+ 2t} ¥yt i) 8 of]icAk
arginine(1,319.62 mg/100 g)O& Zolu]:=Ak9] 47.58%
£ AR5 Ao YEhgth Kwon 5(2014)°] w2
=Y 9] nks 12%9] ofn|icit 244 B4 S B9 54 o}l
AR arginine .2 EOH|1AL] 41.1-43.7%S AFA|8F
£ Z02 Histo] B a5 A} Akt A&7
o2 Affuze] £ F£9 opv| Ak B57]7E 2099
739 SL¥} SR A&7+ glutamic acid® Z+Z; 528.38
mg/100 g¥} 1,281.00 mg/100 go] 2™, SB A|l&T=
arginine(917.95 mg/100 g2 &2 YEelGom 2599 3
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Table 4. Mineral contents in garlic sprouts according to parts and growth period (mg/100 g)

Components General 20" day 25" day
garlic bulb 7
SA SL SB SR SA SL SB SR
Ca 7.29 101.33 277.84 89.19 192.20 168.12 415.33 118.61 224.71
+1.2799 +13.47° 6.03% +0.92° +2.55% 2,10 +12.24¢ +2.47 +2.41%
Mg 65.07 70.14 133.66 66.36 90.13 74.46 128.96 77.94 77.07
+3.06° +7.95%F +2.97% +0.56° +1.01° +0.67°" +3.74% +1.20% +1.02
Fe tr tr tr tr tr tr tr tr tr
Na 42.86 223.39 89.13 87.31 702.28 156.08 119.61 72.62 575.76
+0.60° +0.98°0 +0.92 +0.93" 5,13 +0.00% +0.84% +0.49% +12.14°
K 1,007.69 1,005.50 2,096.19 931.39 2,881.22 1,420.85 1,997.71 1,035.89 3,015.08
+30.41% +7.56" +29.76% +13.07% +30.49% +4.90% +15.07% +6.54% +35.73%
Mn tr tr tr tr tr tr tr tr tr
n tr tr tr tr tr tr tr tr tr
Cu tr tr tr tr tr tr tr tr tr
P 355.31 360.82 441,84 361.74 468.76 388.08 48459 44913 491.59
+0.08° +1.82% +22.50° +3.87° +0,79°° +4.49B +4.26%8 +8.02° +7.93°
S 208.30 248.92 337.12 201.81 783.10 332.42 391.23 282.38 836.35
+12.08° +12.41C +14.92% +4,49%° +3.89% +6.64%° +5.24%P +2.02°¢ +12.31%

USA, garlic sprouted all; SL, garlic sprouted leaf; SB, garlic sprouted bulb; SR, garlic sprouted root.

27l values are meantSD (n=3).

IMeans with different superscript letters in the same row are significantly different at p¢0.05 by Duncan’s multiple range test (aYoycyddedfygih).
Means with different superscript letters in the same column are significantly different at p{0.05 by Duncan’s multiple range test (A)B)C)D)E).

& HE HAH AZFA glutamic acid(614.41-
952.52 mg/100 g)= UErgt} ARukz9] A5717t0] 24
ool wg} SL ABEFE ATt e AETEY argine
Aot o, glutamic acide SR A|RTE A LSt HE
ARTEL Z715H= 43S Bt o] AE9] ofu|iA
oot g 1AL o]l %t WstE A UtK(Liao
5, 2022; Melkikh %, 2022b). Aj&Rs-L Lyt vlsRch
4= of]iAke] Hlg} o] F7lolks AoE Y o
It o 7HA] Qe AlE AME Hod

3.4. Allin & Total thiosulfinate 23

nRE9] 8 4 B2 553 F|EA olF E9ks
8 RHEZ diFE Sk REdd oAt
(thiosulfinates)o|™, 1% alliin°] 8 Fu] ALA=Z &
A AkBlock &, 1993; Hughes &, 2005). &0] A+
A= E5T 0|9 tEC] A} FE5 2 P T
9] 7VlsAREcR IHA UckBorlinghaus &, 2014;
Cheng 5, 2020; Lee 5, 2016; Sim %5, 2016).
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L7170 g B AEHRs9] alliind total
thiosulfinate -2 Table 63 Zt}. Alliin #4243, ¢
v 052 2.66 mg g 22 YERgon, 71E E3(Kim
5, 2015; Lee &, 2008a; Oh &, 2012)°] w=H A H
159 alliin 9 5.48-10.92 mg g !0 Hislo] B
AFATe} I ZolE YE. AjEuEe] Rl
alliin #4723 SR AlZT-E A3t BE AlEFo4 3.51-
12.45 mg g'e& YEhton SL A|E 77} 11.11-12.45
mg g0 & 7F =2 TS YeERHSIT dult uks oy
1hz2] WotE F9f alliin 3ol F7tstlon, 45717t
o| Zojyo] wet FF2 HaHe AOE YERT

Total thiosulfinate £4Z23 U9t vRs2 89.24
mmol g! 181 APFIREL 71.16-82.36 mmol g0 & U}
Eth  Shin 5(201102 =W 8 AXRE w9
thiosulfinate 3-& 96.28-150.81 mmol g '2& Jeong
5(2012)2 £34 =9 thiosulfinate TS 93.23-
152.25 mmol g'0 & H15te] B J3Ax}e} gheF 2jo]
£ YeEislt BS717te] B £ #sks 939

nolt
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Table 5. Free amino acid contents in garlic sprouts according to parts and growth period (mg/100 g)

Components  General 20" day 25" day
garlic bulb 2
SA SL SB SR SA SL SB SR
Aspartic acid ~ 49.48 168.10 183.51 87.64 287.15 152.54 184.08 218.78 221.40
+27.18%99  +19.44°FCH 18 39°0F +0.45°FC +6.12%F +14.09F6 45 33F +0.12°F +7.8100E
Glutamic acid ~ 147.75 466.75 528.38 264.49 1,281.00 541.11 614.41 929.44 952.52
+38.95° +2.26%P +82.75% +5.75% +12.5% +36.98°P +52.13°C +22.10°° +61.27°8
Serine 107.58 186.38 271.94 107.22 188.48 208.53 279.42 193.19 154.93
+20.45P +22 51%°¢ 41012 +0.15%FC +13.44°F° +19.21%F¢ 30,99 +19.47°F +3.48%F
Histidine 116.56 200.25 125.47 147.49 129.20 152.07 157.91 125.97 109.38
+17.52° 26,770 265970 15 4QPDEF 412 gQofCH 413 6OPFG 415 4Q°FF +12.719°6 40 4797
Glycine 75.14 67.55 119.06 40.55 132.60 67.70 122.71 102.31 106.48
+8.91° +0.579CH +2 94PEFC +0.28% +0,09° ¢ +7.77%°¢ +8.91%F +8.33%¢ +1.50°rCH
Threonine 69.62 121.79 121.05 58.01 114.23 101.25 152.52 148.29 139.19
+17.08° 33701 £3.36%C +3.03°F¢ 8,85 +10.33°7¢  $18.96°F  +9.76F +1.84°FC
Arginine 1,319.62 954.69 259.80 917.95 486.15 882.32 341.31 401.59 396.34
+139.86° +144.25¢  £19.14%P +104.12%  41.84° +78.82°C $3527°°  +13.37°0  +11.03°C
Alanine 131.05 185.96 220.75 117.02 124.68 161.28 191.72 129.92 102.16
+20.51° +22.04°°¢ 19 16°¢ +1.19%FFC 4 7doFCH +1538F6  +2162%F  +12.79%C 42 g3ereH
Tyrosine 82.25 83.82 61.91 81.13 62.88 59.97 47.66 10.44 50.98
+12.35° +9,95°% +1.10%C  £12 3500 46, 730000 +6.39%1¢ +37.45%° +2.80™" +1.16
Valine 147.26 277.33 240.89 173.76 164.18 240.94 206.10 203.33 132.18
+28.20° 53015 #14.48%0 412 75990F 414 036 +19.19%F  +3832%F  +10.64%F  +13.779C
Methionine 31.52 74.53 30.38 29.01 28.77 50.00 23.59 31.37 19.45
+12.89° +35.71%6H 42 28%C +1.28%C +0.27°H +6.545°6 +9.68% +8.63"H +1.37V
Phenylalanine  137.67 174.95 157.59 99.44 147.62 157.78 181.80 131.53 117.60
+28.59° +22 152700 17 4300FF 45 5@eFFG +11.01%% +16.79%°7  +1308°F 45179 +4,737%FCH
Isoleucine 43.84 140.50 72.39 52.32 88.30 77.85 120.58 106.91 65.42
+15.44° +87.20°%%  +3.39%fC +3.16° +12.75%FCH 48 5g6 +54. 697 +34.96°C +1,9420CHV
Leucine 51.62 164.48 120.45 77.97 140.91 126.89 154.88 138.40 108.18
+17.16° +41.68FCH  +9 O7*EC 45 049FFC +12.36%FCH 4175676 431 16%EF  £15719FC 47 gpodreH
Lysine 262.42 333.47 243.96 234.30 187.04 334.33 302.50 213.90 279.31
+63.90° +25.78F 33230 £19.12%P 443 96 +37.04% +13.11%° +40.12%F +24.70°°
TAA? 2,773.38 3,605.56 2,757.53 2,488.30 3,563.2 3,314.54 3,081.18 3,085.35 2,955.51
+468.99" +29.82% +209.48>"  +188# +215.02% +308.38"  +26.80"* +41.36™ +145.62%
EAAY 860.51 1,487.31 1,112.18 872.29 1,000.25 1,241.10 1,299.87 1,099.68 970.70
+200.78° +220.90°8  +75.88>8 +65.48° +115.58°C +129.74%  +137.28%5 432,048 +56.44°
EAA/TAA (%)  30.86 41.23 40.34 35.06 28.02 37.42 4217 35.65 32.84
+2.02° 5,79 +0.31%6 +0.025C +1.55M +0.43%6 +4.09% +1.520H +0.20°

USA, garlic sprouted all; SL, garlic sprouted leaf; SB, garlic sprouted bulb; SR, garlic sprouted root.

ITAA, total amino acid.

9EAA, essential amino acid.

YAl values are meantSD (n=3).

YMeans with different superscript letters in the same row are significantly different at p¢0.05 by Duncan’s multiple range test (aYb)c)dde).
Means with different superscript letters in the same column are significantly different at p¢0.05 by Duncan’s multiple range test (A)B)C)DYEYF)GYHMI)J).

Aolg HolA| gkt eo] Z7ksle A0 UreRton, 48717k 202 A, %
£ A7 nhso) ol B3] 71 5HE W allin & e

K}
i
Ko,
1z
e
N
_\|l_‘
N
H
2
Y
i
<
k)
e
n
o
alr
1o
N

https://www.ekosfop.or.kr 279



Quality characteristics of garlic sprouts produced by smart farms

Table 6. Alliin and total thiosulfinate contents in garlic sprouts according to parts and growth period

Components General 20" day 25" day
garlic bulb
SA" SL SB SR SA SL SB SR
Alliin (mg/g) 2.66+0.04  4.12+0.129% 12.45:0.28" 3.54+0.20° - 3.93:0.09° 11.11:0.16” 3.510.03¢ -
Total thiosulfinate  89.24+0.96  82.36+1.96° 73.324¢1.91° 82.1143.26° 78.204¢5.97°  71.28+1.45"" 71.16+1.17° 65.30+1.01° 80.58+1.159%°
(mmol/g)

USA, garlic sprouted all; SL, garlic sprouted leaf; SB, garlic sprouted bulb; SR, garlic sprouted root.

2All values are meantSD (n=3).

IMeans with different superscript letters in the same row are significantly different at p¢0.05 by Duncan’s multiple range test (aYbc)d).
Significant difference before and after fermentation of same part by t-test. 'p¢0.05, “p¢0.01.

oz o*em e Y Aadol Je w

%-'}\é Aé T E e
LA07 ¢ ATHKim¥t Ahn, 1983). 1822 7
A= YA }6 H/VJ—U]—— 9] AL ofi A H|E XHL EF

F3E =23 5 Qg Aoz wetEch
3.5. EflnE & ZefE0/E BfE

571700 e FoE s SETH st St
Hiolt B4 A3l Table 73 2t S22 ek
Uit us59] AL 484.45 mg GAE/100 g2 & Hyun 5
(2008)2] Al g € M=t F8 AAE vRe] FEHE
3+2K(1.90-3.77 mg GAE gV} St Aj#nl=e]
ZEZHE T2 514.88-690.22 mg GAE/100 gO.&
et ow, dut nhks tiu] Wolo]] oJsf SA Alg 71E
16.96—22.28% 7kt

FEYELo|E FE Uyt vhe9] ¢ 183.56 mg

QE/lOO gollom, Mgkl B¢ 89.73-190.77 mg
QE/100 go= otof oJgt e S7he UehtA] oot

161.14 mg QE/100 g% eI Lee 5(2008b)ofl m
29 1hz9] E9¥E2 106.3-146.5 mg QE/100 g, Z&t
H-olEx 49.5-123.5 mg QF/100 gC.& A EYo] E
gof] 2 Apo|= Haskgint. olof 7]& o AujpEet 2
AT Are] o] w2 AL AuieE T HEo 5 &
Aol g FFoE AlmErHMartins 5, 2016; Naheed
5. 2017).

5717k T AR B9 Z
HolE BN Ay FELvE 2 AS77tol wet
Zol 7kl oy, Eetiio|Ee] BL- & =

u]5lt}. Cho 5(2012)°] WEH FF Hots B9

ES
HEo] 15.3-51.5% S7Fote= HAlSH3om, Lee &
(2009)° W= & R4 E2H % IS 5716

dou} ZgtH Lot o] Z7k2 nlH

of £ qi7 Azl fABAT

3.6 BlAS BHA

1S AA
ARl oMzl 2027} 259 A|E BE SB /\]E;U} AB&71730 F9E Azl Fifst 24 Edke
7V e S Uelol, 22 190.77 mg QE/100 g2+ Table 8%} @E}. DPPH A 2z &7 842 il vhs
Table 7. Total polyphenol and total flavonoid contents of garlic sprouts according to parts and growth period
Components General 20" day 25" day
garlic bulb o
SA SL SB SR SA SL SB SR
Total polyphenol  484.45 566.63 525.32 538.75 690.22 592.39 536.31 529.65 514.88
(mg GAE/100 g) #3596  +19.6429 491 +7.98% +15.64° +1.26° +15.30° +18.25° +30.51
Total flavonoid 183.56 144.80 167.98 190.77 89.73 159.62 109.84 161.14 ) 131 .12*“
(mg QE/100 g)  +18.49 +18.46™ +16.96% +18.15° +6.35° +13.22% +17.29% +13.11° +5.85%

SA, garlic sprouted all; SL, garlic sprouted leaf; SB, garlic sprouted bulb; SR, garlic sprouted root.

IAIl values are meantSD (n=3).

IMeans with different superscript letters in the same row are significantly different at p¢0.05 by Duncan’s multiple range test (aybycydpe).

Significant difference before and after fermentation of same part by t-test. 'p¢0.05, “p<0.01,

280

“"0¢0.001.

https://doi.org/10.11002/kjfp.2023.30.2.272



Korean J Food Preserv, 30(2) (2023)

Table 8. Antioxidant activity of garlic sprouts according to parts and growth period (%)

Components General 20" day 25" day

garlic bulb 2

SA SL SB SR SA SL SB SR

DPPH free radical  30.16 62.21 37.45 59.13 61.18 65.47 40.45 61.27 59.81
scavenging activity ~ £1.89 $0.457%9  +0.54f +1.129 +0.68> +0.83" +0.54% +1.57% +1.95%
ABTS radical 82.31 88.32 64.68 89.81 88.65 84.96 59.12 85.90 85.12
scavenging activity  +0.72 +0.97° +1.66° +0.50° +0.25° +0.76"" +2.05¢ +0.53° +0.60°
SOD-like activity 95.26 93.85 95.87 91.33 98.59 89.562 95.01 92.74 95.06

+1.81 +2.46%° +2.64% +3.67% +2.10° +2.10°" +1.87% +2.52%° +4.03%

1

IAll values are mean£SD (n=3).

)SA, garlic sprouted all; SL, garlic sprouted leaf; SB, garlic sprouted bulb; SR, garlic sprouted root.

IMeans with different superscript letters in the same row are significantly different at p{0.05 by Duncan’s multiple range test (aYbdcdde)r).
Significant difference before and after fermentation of same part by t-test. 'p{0.05, “p<0.01.

(30.16%) ] AR ukso] 37.45-65.47%=, Totel A<
717to] ZAojxlof w} DPPH AH3- 2HdlZ 47 B4o] Z7t
stk ARuks RERE 259U X} SR} SB A&7 2
7 59.81%%}F 61.27%2 &7 UErstth. ABTS =tz &4
AL Uuk vk=(82.31%) thH] ARzl 59.12-89.81%
2 dopo] 93] ABTS gtz &4 &4 F7H6raon,
R8717t0] Aojo whet ZAashe 33 UERAT A
Huks HoEaE 20¢ A SR SB AlErt 74
88.65%%2} 89.81%& =A Ukt SOD §A 242 ¢
HF 15(95.26%) thE] Aj#kso] 89.52-98.59%% ot
o oJsf ot 9 A57|7to] Aojxe] W SOD FAF 843
9] Wsh= WEhA] okttt Ajduks EoEREE 209 A
SLE} SR A &ETE7F 22 95.87%2}F 98.59%% =A UEkyt
o & A4 FE| E ZfolE By ot nhz9] ot
+ Pst S TV AoE Yege, gt
Majid &, 202D)% =5, F ¥4 B2FY 5(Pajak, &
2014)9] Hotg Bl Akt 4ol Tkt Bast
Abotoirt. sk B7t At sl 5717 20
Uo| At A0 woE, Feoj= Aol E g
(SB)3 H(SR)7F 32 FASE 84S YeERH it ot
o3t kst Aol 27 89l F SR AuiEe] 9%t
Yol EI(Kim 5, 2014)=]0] o], FHoz Auish=
NAuREe] 49 Aufghy 24 59 Asidde T4
A4 $ LA oz dogr)

Aakze] BS7171at F-9d JAkst DAL 7 57t =
of whg} 2folg Bom, oli= $&8m(Han 5, 2013; Koh
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S, 2019; Woo &, 2015)2F =18 287 &) 95t JF
(Ighodaro %, 2018; Schaich 5, 2015) 522 A== o]

F28uo] wE B7Pt XgEojof & A oE wetE
4. 0

£ Ao AntEgolA] e Auukse] SoEvt

B87\7P80) BAL wmaoict. QuHE P SE}
Al

£3129] A9 J37|70] BE WSS ek Pgtort,
EEPNG3 AN A971710] kgl et g 7

F Ul 2E AlETolA 8 FE3-2 fructose
2 Yegon, £9 {74 oxaile acid®} citric acid=
Ueth AfRREY] SR8 f714R AS713te] 7
Tt whe} Fashs AE HEr T #7182 BE
AlZmFoll A Kot P7F 7H =2 obdE UEhten, At
=9 A5717to] dojid wet gFgol S7tste A o
ERQieh. A9l fejotn|ieAlke AR 7|7to] Zofy
of wat fAukz2] o]AU(SL)S AQst tHE AR 1=9
argine2 7439 9H, glutamic acide AAms9] B
Z|(SR) AETE ALt BE ABFolA F76ke AFS
Hlrh Alliing As7|7to] Aojlo] whe} dhgo] F4as
= Ao=w YeREA, total thiosulfinate= ¥U¥h ths
89.24 mmol g, A&vHs 71.16-82.36 mmol g o0&
ettt SE =y SetE kol B4 A3 FE2H
& AFS BE7|7e] dojxlo] wet ol Skl o

uiolEe 2 sl Uenid gt ARzl

me
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DPPHE} ABTS A 2ttd &7 €4 9 SOD fAH 24
2 7}¥7} 37.45-65.47%, 59.12-89.81% L 89.52-98.59%
& gyt nks o] Holo] osf F7lstalou, As7itte] 4
ool wet Zradhs A3 UEtlth £ AAnt A
R Gyt vz oje] ool SJ8f 7154 At o]

4 9 AE 7kg 47 A7e) 72w 988 Aow B
At
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