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Abstract

In this study, the quality of hydroponically grown leafy vegetables (batavia and butterhead) from smart farms was compared with
that of soil-grown vegetables. The quality characteristics (weight, size, color, water content, pH, texture, bitter compounds, functional
ingredients, antioxidant capacity, microorganisms, and sensory properties) of the two leafy vegetables were analyzed. Significant
differences were observed in fresh weight, shear force, and functional ingredients between the two cultivation methods. With regard
to weight measurement, hydroponically grown leafy vegetables were lighter compared to soil-grown vegetables (batavia: hydroponic
127.15-138.26 g, soil-grown 219.30 g; butterhead: hydroponic 107.48-127.66 g, soil-grown 237.23 g; p<0.05). In addition, hydroponi-
cally grown vegetables had significantly lower shear force values (batavia: 32-82%, butterhead: 49-70%) than soil-grown vegetables,
except for one hydroponically grown batavia sample (p<0.05). Analysis of functional ingredients showed that both total polyphenol
and total flavonoid contents were significantly higher in the soil-grown vegetables (p<0.05). However, no differences related to the
growth system were observed in plant size, color, pH, bitter taste compounds, antioxidant capacity, and the presence of
microorganisms between the two cultivation methods. This study provides a database of quality differences between hydroponically
grown and soil-grown leafy vegetables, which is valuable for improving the quality of hydroponically grown products.
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& TUol= °F 6485 ha WA AUfEY Hyo] FAHG
(Ministry of Agriculture, Food and Rural Affairs, 2024). ‘5 J+oF
AUTEFL HiFE TRt AN HAles fGE, 21 7]
o= Syt aAAE) HAE 5,634 hai? 37 € Th(Rural De-
velopment Administration, 2023). THE2 SANEZE E7|(3A
B 08 53.4%, W2 3,009 ha), EOFE(15.5%, 872 ha), TILE|7}
(8.8%, 493 ha) 5°| %l O™H(Rural Development Administration,
2023), 3G A== A 9 57 8% 50 Hside vl
W AeE AL HAPE o]FofA]AL UTH(Ministry of Agriculture,
Food and Rural Affairs & Korea Agency of Education, Promotion
and Information Service in Food, Agriculture, Forestry and
Fisheries, 2024). 0]9} tjEo] M E AR Z o|_EE IYFL
T 2k S Aol ABET glo, 9 ANE &
SRt HYUA A BA glof, B Ao AntER 4
BAR QARe] B 2L ol AR QAR vlmlo] 2
vhest A GARel Awd B4 W7 9 B4 NS 99 712
Aue BgsA Sk

e 2 U
W2 2 Al

Ago] AH AntE A 2 A A A= BV
A7 HPUE(E-mart, Yongin-si, Gyeonggi-do, Korea; Homeplus,
Sungnam-si, Gyeonggi-do, Korea) ¥ SAME -G5UA|(Farmvill,
Icheon-si, Gyeonggi-do, Korea)S E3]] HFE}H|ol(Batavia), HIEJ5|=
(Butterhead) AT 255 20241 4o 313t FAFE Aot
Ext A 2 355(ReH]oF A 57 BAHI; B 57 BAH2; C
54 BAH3, HE3|= A 5% BUHI; B 5% BUH2; C ‘5% BUH3),
AR ZF 15501 oF D 574 BAN, HE[S|= D 57 BUN)
= IR H, BE Alge 2 2027], 1~2 kg& F45te] 2
SFHiA7E s ARRS 1L FE2 AlAste] A Al ARSItk
AlSlo]  ARRE AJ2FQl  lactucin  (pHL84795)T}  lactucopicrin
(pHL84796), chloroform (288306), Folin-Ciocalteu's phenol reagent
(F9252), ABTS (2,2'-azino-bis(3-ethylbenzothiazoline-6-sulfonic acid)
diammonium salt) (A1888), gallic acid (G7384), sodium carbonate
(222321), diethylene glycol (H26456), naringin (91842), sodium
hydroxide (221465), potassium persulfate (216224), ethanol (459844)
2 Sigma-Aldrich (St. Louis, MO, US)OllA] F-dsto] ARE-o19iT.
2,2-diphenyl-1-picrylhydrazyl (DPPH)+= Santa Cruz (SC230692, CA,
USA)OA +945}31.2 ™, methanol (AH230-4), acetonitrile (AHO15-
4)2 Honeywell (St, Charlotte, NC, US)o|A F+U3}ict.
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Lei & Engeseth (2021)9] A& Zalsto] 7iE 2719
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Shenzhen, ChinayE 0|85t Zojet HHIE S7gsto] 33] £49]
et EEAEARR YERQITh A 572 Chang & Kim (2016)]
7= FaLste] FAFOIA £715 At 3709 oE fRIeA
Yioiet. 4Y A CLEDs, 2485 9] 400~700 nm, &7
o 744 10 nm F49] E34] ARJA|(CS-660, CHN Spec, Hang-
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9] ARF71MEAZH(Ministry of Food and Drug Safety, 2024)& ©]
830 2Aslgom, A& 3 g& 7FIAZRT|(VS-4172D, VISION,
Daejeon-si, Korea)S ©|-83}0o] 105Co|A 3A17F AZ3Ict. pH
248 9514 Hwang & Jang (20012 Z1slo] #43fet 2 A&
£ 5 g% 50 mL conical tubeo]] 33| HFoto] 45 g9 FHTE
A7V A& SF5 S-S 1 : 9 (ww)E SI3tE o]E shaker
(MMV-1000W, EYELA, Tokyo, Japan)Z 200 rpmo]|A] 30&7F &
olal, oF 4,500 pmoflA] 1087 FAHEETE F 5N pHE
pH meter (ORION STAR A211, Thermo Scientific, Waltham, MA,
US)E o83t S7gsI3itt. 23 pH 3¢k 339] HHasto] 13
o BEHEAR eI

aQ

|
AL £4L 712 I7HKum & Han, 1996; Lei & Engeseth,
20215 Faret g o g aysigitt. &4 o 1~37= Al
Skn AlRE PESHON, 2t Fol A% B%, sl Aue
(shear force)Z Stable Micro Systems A{Godalming, UK)2] Texture
Anlalyser (TA XTplusC), Z°] 90 mm2| A bladeE 0]-83lo] =74
ST} Blade2] pre-test speed, test speed, post-speeds= 10 mm/secE
SHAAL, A=l 70 g2 o] ZIiAl= AlRolA distance 20 mm]
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I} BEHEAE YRS AR 352 FI6IM AledE 32715 7
0C A2YsioA 24X 7 Y5 T 527AZ7|(FD8512, Ilshin-
BioBase, Gyeonggi-do, Korea)S 0]-83}0] -70C o]3lollA] 6Y7t &
A7A%3 & 24 9 St AR ARSI AR 025 ¢
100 mLE H71E & 65T A 1A7F 208 S553ZH7|(WHM12299,
DAIHAN Scientific, Seoul, Korea)2 &5F3E5}0] ARo|A HZ:
3} o 7H](1002-110, Whatman, Maidstone, UK)E oJ7+A] 7t} of
FE 2 20 mLE FA=270L|(Hel-CHILL, 350, Heidolph
Scientific, Kelheim, Germany)E ]85} 30~35C=E F-A|A7|H
EE0IAE ©] BFES 20 mLY| FFSO] 91 & 20 mLY]
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AZFEEAF 0 B0 sodium sulfate 2 g& Y1 SE0] Y= F 58
ZF A 24t FEES oIAR ot F o= s
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F2oM FESITE FEES AR o} F oiES I
5=797](Hel-CHILL 350, Heidolph Scientificys ©]-8-519 40T
olstol M A s=3IH 2, o] F5%2 10 mL methanol = A&
St 3 AdgHoR SiGit:. & EHlE FFS Mazza et al.
(1999)9] A= #a15lo] Folin-Ciocalteu?] B -3-8510] &3
sFgoH, sl4% &5 80 pLoj Folin-Ciocalteu's phenol reagent
A9k 20 pLE H7Foto] ARolA 5EZF BRS, 2% sodium
carbonate &% 100 xLS F7I2 A7Iste] 1087 HRSAIZ] &
Microplate Reader (Multiskan Go, Thermo Scientific)E A&5}]
750 nmoflA S4SHtE FYPHO T SAT gallic acid EFE=
o) Ao AWHE Aolol AR & Beliise] S
ARESIIL). & SefR 0] $RFS Chae et al. (2002)9] B
HYsto] SA5IoH, SMHE FE5F 1 mLe} diethylene glycol
10 mLE & 23%F & 1 N sodium hydroxide 1 mLE H7}51]
37COA 1A7F B9 WEE-A]Z1 & Microplate Reader (Multiskan
Go, Thermo Scientific)S AF8-5}o] 420 nmojA] THEE =45}

et BEEE naringing AFAZ AAISIA2H, °IE o] 83f Al

2 T EPfH Lot RS AMESISlTh
s 5
A2 Yu et al. (2020)2] B #a15to] DPPH radical

= =

scavenging activity®} ABTS radical scavenging activityS =75}
om, Age 715/ &5t 4E AT sYsH sadx 2 #4
3ot A|ZE o]&59th. DPPH radical scavenging activity=
Sharma and Bhat (2009)2] ' Z1731] 0.2 mM2] DPPH-&H
0.8 mLo]l SMH FEE 02 mLE H7Iote] St thy Al2ofA
3087t H3A17] & Microplate Reader (Multiskan Go, Thermo
ScientificyE ARSI} 517 nmolM =S S50, 23k
o [HARY BRRAFEY BFw)x1009] AR o
AR50 5(electron donating ability, EDA)(%)°2 A&t
ABTS radical scavenging activity:= Re et al. (1999)2] H'fHo & =
51T} 7 mM9] ABTSQ} 2.45 mM9] potassium persulfateS
7Foto] radical’d = fI3 F4xolAl 16417 WAIGE F, 734 nmo]|
A Z3E7T 0.68~0.727} IS ethanolZ 3]451 0, o] 34
¥ 0.98 mLo} FZE 0.02 mLE &E9510] AAoA] 1087 A
3 Microplate Reader (Multiskan Go, Thermo Scientific)S AR8-5
of 732 nmollA SFEE ZFoIAE AlRQ] ABTS radical
scavenging activity~= [1-(A|59] ST/ FH7-9 &45%)]*x100
9] AAFAo]| 9J3] Inhibition %% AFE35F3TH DPPH radical
scavenging activity?} ABTS radical scavenging activity ZIHgt 3
3] wHslol W BEUAR Yephoid
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nds A < BREH]ol, HEeE B XA F50] ARER 7|

LAttt A5 (Ministry of Food and Drug
Safety, 2004) A| 8. ARIAIFH 4. nP2AAY 5 AXTEHS
xsto] Attt A7 AT WS 2 2~3H (9F 25
g) S5 AFTt = 0.85% BB A A= 108 34 E AEnRA
g FEele] AlAEde AFSIAIL, Eet5] A H(700006850,
Diluent 9 mL Saline, Neogen, Seoul, Koreay& AR&5}o] 100] GHA|
H SAAE A Z5IGAH. A8 2 SAE AR 1 mLA Al
T8 AZIE8R|(3M Petrifilm AC, 3M, Seoul, Korea) I %}
Tt -8 AZHE8A|(3M Petrifilm EC, 3M)°f| Z 2uf] o]
AP HESH & AT BIAE 3541 T oA 48124171 Bl & &
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SHXzE

Minitab (21 version, Minitab Inc., State College, PA, US)& 0]-&
Sfof 7+ AEe] YBE B33 Aole] foYS YPRARA
(one-way ANOVA) ¥ Fisher testE <=3Foto] St He= 5
ARE= p<0.059] Lo Sol4e AZSIAT)

s
Za 9 0¥

SR

Tl Al S Al #4854 HUEH| S22 71 3l
Helg Alejgt 714 F29] S5, Zol, Y| 45 S4s51om,
71 A3 Table 13} 2tk HiERH|o} S22 BAH 13331 g, BAH2
138.26 g, BAH3 127.15 g, BAN 219.30 g, HE]S|E &8 BUHI
127.66 g, BUH2 107.48 g, BUH3 108.09 g, BUN 2372 g0 & Algk
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FEEET 0] FoFo® & AR UEKTHp<0.05). 5744
Q1 A A AREo] Al H]sH FSHHAHRSDY) 7 2]
44 0=, 53] WHH| S 592 RSD%7} A (BUN)=
45.94%81 70| vkal], $=747uQ] 7% BUHI 17.07%, BUH2 7.99%,
BUH3 9.61%= A& 0 &2 1A S =0} 247t 5 +4 &
HoflA A3t Ao g Lelyith. HiEtHlol: WA Auli(BAN)2] S
RSD%7} 24.61%= 7P =4 S7=3Ict. Aol HiEtH|oF BAHI
186.25 mm, BAH2 130.61 mm, BAH3 152.23 mm, BAN 205.83 mm,
HE]S|E BUHI 138.94 mm, BUH2 94.97 mm, BUH3 94.46 mm,
BUN 146.08 mm=, H[EHH[o}, HESE B LA Zjujo] 7 Zo]
7} Rl o= 71 Holglom, HES|=9] -9 AtER F BUHI
F52 AR} dololA {914 o]t fiith(p<0.05). HIEH]
o} u]i= BAHI 84.89 mm, BAH2 102.34 mm, BAH3 88.62 mm,
BAN 96.12 mm, HEJS|E == BUHI 9847 mm, BUH2 10038
mm, BUH3 93.52 mm, BUN 124.86 mm©&, Hlehd|o} Lu]= 8.0

A Zpo7}h giglom, HES|E HHl= AWPER F BUH3 #5491
oJHor A2 Aow ZHHUHP<0.05). Lei & Engeseth (2021)2]
Qtoll W=H 7R Bt Aphgt A 2 A A A
(Giant Caesar lettuce)®] A& 9 9] H7|(Zo], HHl)y= Sl
FAF7F AUARE AR 0T {4 Aol Qlo], & Ao
et 3719] 794 Aoz Ael-RollAet 711gckL B o= of
29, Aui717t, JYRA 5 TR AR JFE vlEE A
o7 yikEch Ao A B4, 51, ¥ ¥ AHA 7|50 I
FE 1A 8 ARA FF, S, AERA 5 TSR 8%10]
EHA 0w 2:gsto] WAHTHCho, 1984). A2 <Y, 5, Wel
A L¥, a*, b* & SIS0, 11 AT Table 13} At HiEHH]
of = JolAl= BAH2 (54.24)7F ¥R HO =, BAH3 (47.13)7F
olF2 HoE FLEEQL, FHolA= Aol7t glgieH, WdelM=
BAHI (59.24)0] Bk HO & BAH3 (58.18)7} o] & HO & JLEx]
o] UEPHATHp<0.05). HFEH]o} A= Q]YofAli= BAHI (-11.14),
BAH2 (-11.16)7}, 27} YGoll A= BAH3 (-12.21, -10.91)0] Wk
WO JEEo] wMo] Aoz WL Ao g UeRthp<0.05).
HpeRajo} AT = Yol Zlol7t §ilom, SR} Hddli=
BAN (25.83, 21.38)0] W2 WO = Ueht} HMo] At o= 735t
Ao ZHE|THp<0.05). AR 0= HiEtHoloif= QA A2
S T SRS AR AREo] AN AlE tiH] HEr e
], A} Ao AL o' UERITHp<0.05). HEHE Pee
Q]HolA= BAN (61.82)0] 7 B2 HOE, BUHI (43.48)°] 7Fg
oJF2 HWog YEREon, FJolA= BUHI (60.41), BUN (58.57)
o] 7F B> Hog, BUH3 (43.37)0] 71 o2 HoIUaL, Wl
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Table 1. Fresh weight, plant size (height, width) and color of two leafy vegetables according to cultivation type™?

Batavia?
Hydroponically grown Soil-grown
BAH1 BAH2 BAH3 BAN
Mean SD Mean SD Mean SD Mean SD
© 133.31°+31.62 138.26°+4.92 127.15°+19.87 219.30°+53.98
Fresh weight
(RSD%) 2372 3.56 15.63 24.61
(mm) 186.25°+10.46 130.619+8.54 152.33°+1.93 205.83°+12.79
Plant height
(RSD%) 5.62 6.54 1.27 6.21
(mm) 84.89°+16.15 102.347+4.59 88.62°+8.80 96.12°+12.11
Plant width
(RSD%) 19.02 4.49 9.93 12.60
() 48.36®+2.89 54.242+3.77 47.13°+3.46 52.05%°+4.58
Outer leaves (a®) -11.14°+0.87 -11.16°+0.50 -9.47°+0.42 -10.08%°+0.46
(0% 31.85°+5.88 33.51%+1.09 30.812+0.08 29.35°+1.35
() 56.30°+2.69 56.712+4.33 50.98°+1.57 58.13*+1.00
Color Middle leaves (a¥) -11.47°+0.94 -10.91°+0.65 -12.21°+0.33 -8.30°+0.60
(b*) 34.60°+1.34 32.05°+2.45 43.04°+0.63 25.83°+1.15
() 59.247+1.08 56.08%°+1.46 58.18°+0.82 57.98%°+1.31
Inner leaves (a®) -8.39%+0.93 -10.11%°+0.78 -10.91°+0.35 -6.73°+1.47
(0" 28.82°+3.56 29.30°+2.58 39.08°+0.82 21.38°+6.63
Butterhead”
Hydroponically grown Soil-grown
BUH1 BUH2 BUH3 BUN
Mean SD Mean SD Mean SD Mean SD
() 127.66°+21.79 107.48"°+8.59 108.09°+10.39 237.23°+109.00
Fresh weight
(RSD%) 17.07 7.99 9.61 45.94
(mm) 138.94°+1.08 94.97°+5.21 94.46°+6.90 146.08°+24.69
Plant height
(RSD%) 0.78 5.48 7.30 16.90
(mm) 98.47%+10.93 100.38%+3.86 93.52°+3.57 124.86°+25.92
Plant width
(RSD%) 11.10 3.84 3.82 20.76
() 43.48°+1.89 4853°+1.85 49.49°+1.48 61.82°+1.79
Outer leaves (@) -11.64°+0.44 -11.75°+0.45 -10.90£0.31 -9.75°+1.24
(%) 23.83°+2.56 29.67°+2.39 29.54°+0.22 34.34°+2.31
() 60.41°+2.07 51.05°+3.77 43.37°*0.25 58.57°+0.68
Color Middle leaves (a®) -10.99°+1.09 -11.66°+0.63 -10.68°+0.25 -7.712+2.14
(%) 33.91°+4.24 31.91%+1.57 27.30°+1.12 33.48°+2.32
() 65.91°+1.14 53.11°+2.84 41.18%+1.06 60.74°+3.59
Innter leaves (a®) -8.23°+0.90 -11.29°+0.11 -10.55°+0.25 -4.55°+0.85
(%) 31.36°+3.40 33.12°+0.92 27.05°+0.91 32.89°+1.94

1

~

)
)
)

w

Average of measurements (n=3)*standard deviation
Mean values with the same letter in a row are not significantly different at ©{0.05.

Hydroponically grown batavia: BAH1 (farm A), BAH2 (farm B), BAH3 (farm C); butterhead: BUH1 (farm A), BUH2 (farm B), BUH3 (farm C)
“S0il-grown batavia: BAN (farm D); butterhead: BUN (farm D).
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A= BUHI (65.91)°] 71 B2 HO =, BUH3 (41.18)0] 7 ofF
& WO UERGTHp<0.05). HEFI= HAz= 9ollAl= BAHI
(-11.64), BAH2 (-11.75)7}, Z€ollAl= BUHI (-10.99), BUH2 (-
11.66), BUH3 (-10.68)7}, Yo BUH2 (-11.29), BAH3 (10.55)
2 WA e 0] vlwA 2 Zo g ZAEQITkp<0.05). HE
BT AT 9]%lofAl= BUHI (23.83), ZF0]A1= BUH3 (27.3),
WollA= BUH3 (27.05)7F RA] S=o] Aoz Hao] e
A0 & UERTHp<0.05). HEF=oME Ee AQldt Y 5
GollAl BUH37F vt wom =Myt o] e o= teji}
(p<0.05), HlERHoel HEJS| oA AuR-87E RARE APAo] =

SHAE Tk

= % pH

E Ao $EITES Table 29} o] ZEHZ §0]% ZJol7}
AN oH, ARET A F5 S A 7 AFBAHI 96.77%,
BUHI 96.91%), B %7 A Z(BAH2 96.15%. BUH2 96.45%)°0] =]
Al D 53 AEBAN 95.56%, BUN 95.1%)H T} =0 4=H5l2ko.
e 9Ithp<0.05). ¥ AnlExd ¢ 53 AIZ(BAH3 95.32%,
BUH3 94.66%) WA Al AREETE 923kgo] W2 Z10= yeht
(p<0.05), ATEF BTN SR APt <917t S LAl
ol 2jol7 EAYSHSITE. Lei & Engeseth (2021)9] Aoll= 5L
7%t 5% At AR ST A AR SRR SRRl
o] 11, 3 dRjo] W2 Ao g Ueht £4A) BHAlo] w2 8

Table 2. Water content, pH, shear force and functional bitter compounds of two leafy vegetables according to cultivation type

Batavia
Hydroponically grown Soil-grown
BAH1 BAH2 BAH3 BAN
Mean SD Mean SD Mean SD Mean SD
Water content (%) 96.77°+0.02 96.15°+0.07 96.32°+0.05 95.56°+0.08
pH 6.08°+0.01 6.00°£0.02 5.03°+0.03 6.13°£0.01
Top (N) 15.28°+4.00 27.35°+4.68 39.62°+3.77 43.45°+6.08
Shear force Mid (N) 15.69°+2.45 27.34°+4.16 43.15°+4.88 42.69°+8.11
Low N 9.53°+2.09 15.84°+3.60 21.00°+3.46 38.40°+10.89
Functional Lactucin (mg/kg) 0.99°+0.20 0.27°+0.05 0.18°+0.07 0.55°+0.06
Lactucopicrin (mg/kg) 80.49°+15.27 17.88°£0.91 31.70%+2.91 35.98°+2.92
Bitter compounds
Total content (mg/kg) 81.48 18.15 31.88 36.53
Butterhead
Hydroponically grown Soil-grown
BUH1 BUH2 BUH3 BUN
Mean SD Mean SD Mean SD Mean SD
Water content (%) 96.91°+0.04 96.45°+0.02 94.66°+0.08 95.61°*0.05
pH 6.05°+0.02 5.89°+0.02 5.23°£0.00 5.83°+0.06
Top (N) 18.96°+6.48 15.09°+3.33 23.65°+2.36 35.89°+5.89
Shear force Mid (N) 20.68°+5.79 23.21°£3.18 33.47°+2.69 44.30°+5.46
Low N 165.02°+2.57 22.52°+2.08 21.85°+1.29 31.40°+6.09
Functional Lactucin (mg/kg) 2.30°+0.07 2.10°+0.83 2.80°+0.16 4.79+0.44
Lactucopicrin (mg/kg) 75.88°+1.81 38.62°+6.22 49.82°+1.87 80.78°+2.80
Bitter compounds
Total content (mg/kg) 78.18 40.72 52.62 85.57

1

)

’Average of measurements (n=3)+standard deviation
;I\/Iean values with the same letter in a row are not significantly different at £X0.05.

9Hydroponically grown batavia: BAH1 (farm A), BAH2 (farm B), BAH3 (farm C); butterhead: BUH1 (farm A), BUH2 (farm B), BUH3 (farm C)
“Soil-grown batavia: BAN (farm D); butterhead: BUN (farm D).
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ot Aol Utk 22 & 4= o, & AFoNe e 5
ZHHH HpAlo] Lex|Afel o] & RS UERIAl= gtem, o]
+ Al AR E4 A A 72 9] 2kl E7RE vkt QI
= A7 Zof| 710t wekEr: fafe] SRR FE, 7
713k, QPAgol RS HIXE 18 REA, SR 2255
A A9l 7 AAavE A3 FERA R -7 1R1e] BoMl=
gfo] Ql= Ao 7 HUE QItiBarg et al., 2009; Manzocco et al.,
2011; Kyere et al., 2020). o= FHH2] o F3FS u|A, =
TRl WE HEE ot 7|5 % Aok AHR}F B Asiaas
= ZR8SH K Zhou et al., 2004; Ares et al., 2008). pHE= HEF]o}of 4]
+= BAHI 6.08, BAH2 6.00, BAH3 5.03, BAN 6.13°2 L X|zjul &
Eo] 7} E=9fon, HEJS|=oflA4= BUHI 6.05, BUH2 5.89, BUH3
523, BUN 5.830& ANER A 57 AlZo| XAl AR =2

H = Z4=0](p<0.05), 7 FAUF vl A AuifEol we gt
o RS e AR SS9+
= AEE, Q7Y BS54 A, FreTAlRIA go] A
1 o] 7o il v} 14k Q9] 4 912
o, o]5 F4 a}e] A B 88 4= Ick(Kim et al., 2011). THE
ol A 59 & £} f5 7Rt 5ol Y ety ZH
3ol W pH 2olE ER1sl7] Hlshale SAIE 220142 o~
Al 2 A Z ] AEE Asfor & A0E AlEEC:

F

&wo

45139 $423 5 8 3 2298

5 TR A AT 210 S T A0
= EI’_E]_’ QUK Cuppett et al., 1999; Gichuhi et al., 2005; Gu-
ti"errez-Rodriguez et al., 2013). & oA AntEL L7 L
A FAFE] 227 AolE EAT6l7] sl Atk (shear force)E
Z7451%1.0H, 71 A= Table 29} Atk A AR} A4
HiRE 207} EeiE S0 =, viehlor He=(A S5k
2 BAHI1 15.28/15.69/9.53 N, BAH2 27.35/27.34/15.84 N, BAH3
39.62/4.15/21.00 N, BAN 43.45/42.69/38.40 No|j o, HEJS|| == A
el BUHI 18.96/20.68/15.02 N, BUH2 15.09/23.21/ 22.52 N,
BUH3 23.65/33.47/21.85 N, BUN 35/89/44.30/31.40 NO &, & 7}A] ¢
A5 mEO) wAAle] Hiekelo] 4 2 vls) 2ol o
Rt A0 F UERFTHp<0.05). Lei & Engeseth (2021)2] HtofA=
9|, 5, WY 2272 F2slo SAISi=t], o T 9
TAAENY, Y, HES A7 Tt 202 LER, ANkE o
= A Q] 2ARe] Tttt o= grlERlow, o= &
AT AL} ARl ESH Jeong et al. (2012)2] AoAE =2
A} ARG AR 1| Wt Aol o At
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AL Q= A0 R HUEQl=Y]|, B doAE S5
S(HAEE0] 7P W) vleR|o} BAHI T} HEJS|E BUHIO] 22} 7}
g 22 AdEs Yol i At AR Bk LERIICE

] 7];(1— =

=
e 2sjo] a0, Fsjzie) S Mgy SRRt
terpenoids, alkaloids, phenolics & polyacetylenes 5-0] )9 (He-
inrich et al., 1998), ©] 3 sesquiterpene lactones (SLs)Of| <3l=
lactucin, lactucopicrin A5, 2|A 8] 3t 22 FAF HEZ
SLsZA] 28kS YERfE= Q9 AR o7 B E T It Cho et al.,
2016). SLsi= %), A, ot AEHES A=, 95 A4,
SH, AAL 771, 4173419k 5ol Agairt Qs 0= Ky
UoH, NE=gd7 dH =75 Fdohs A0R® HiE Sl
(Cho et al, 2016). Table 22} Zro| HiEF|o}Q} HEJFE E5F lac-
tucin2t} lactucopicrin® o] &4 Uepgon, H25F 7%
lactucinS HFE}H]o} BAH1 0.99 mg/kg, BAH2 0.27 mg/kg, BAH3
0.18 mgkg, BAN 0.22 mgkg, HE/S|= BUHI 2.30 mg/kg, BUH2
2.10 mg/kg, BUH3 2.80 mg/kg, BUN 4.79 mg/kgO. 2 HEF| o]
A AR 02 £QLa1, HiE|ooll A= 73 A A& BUHIC], H
ESEoflie =AAHE] AlE BUNO| &2 s UEiSlH
(p<0.05). Lactucopicrin> H[E}H|o} BAH1 80.49 mg/kg, BAH2
17.88 mgke, BAH3 31.70 mg/ke, BAN 35.98 mgkg, HIEISI=
BUHI 75.88 mgkg, BUH2 38.62 mgke, BUH3 49.82 mg/kg, BUN
80.78 mg/kgO & HIEFR|olof| A= S AHl| A& BUHIO], HES|
Eoflx= 734 AlE BUHIZ WX AH] BUNO] &4 S %0]
(p<0.05) FAF 5ol w2t Jol= Ao, AER A B 7
Al AF A A AlEe] 2 AR UERHT: Cho et al.
(2016)9] AN HAACA FT A5 AR 572F9
lactucin 2 lactucopicrin S A5 A3}, ARQ 1 g lactucin
2 Ht 41.2 pg, lactucopicrine Bt 526.9 pgO & T 7}A] A&
O] oA Bt 568.1 pgolQitk. o] AollA 7154 &5t 429
FdF A= 66.3~3,1885 pgo = H7E vl WM (Cho et
al., 2016), & JFo|A= AZXY 1 kg HIEFH]oR= 18.15~81.48
mg, BEJS|ELE 40.72~85.57 mgO.& A¥EA O R Cho et al. (2016)
o ATt A3} tjy] 22 I EE YEITH

71578 Adee & e ¥ —E}ﬂno] SHRS 245191
om, 71 A3H= Table 37 Zth & Ediuls kS Hleks|o}
BAHI 219.68 mg/kg, BAH2 232.49 mg/kg, BAH3 307.98 mg/ke,
BAN 346.42 mg/kg, HEIS|E BUHI 19634 mg/kg, BUH2 241.18
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mg/kg, BUH3 234.32 mg/kg, BUN 340.93 mgkgC 2, AAF 25
LFolA] XA AlEo] EA WERTHp<0.05). & &2t o]
© 3ke uleulo} BAHI 193.10 mgkg, BAH2 200.98 mglke,
BAH3 234.68 mg/kg, BAN 238.10 mgkg, HEJS|E BUHI 137.07
mgkg, BUH2 159.86 mgkg, BUH3 194.25 mg/kg, BUN 273.25
mgkgC &, ET|¥is} o] kARl EA UERETHp<0.05).
o= kAR JAFOIA & ETul=o] 21.15%HAZE FF 7]
%) =7 UL H1E Lei & Engeseth (2021)9] A+ Aot
AR, dig Aol BlAE T 7I1ECE ascorbic acid,
chlorophylls, g-carotene 5] 7153 AdEE0] B5F LA A8 FAY
FolA =2 Ao YEpTh

ook
=

2}

orr

o)

5

IS DPPH radical scavenging activity?} ABTS radical
scavenging activityS =74519.2 ™, 71 Zil= Table 37 2t} AR
Z2F 7]1Z DPPH &7 Z1}, vlgjv]ol~= BAHI 76.70 EDA%, BAH2
78.22 EDA%, BAH3 87.95 EDA%, BAN 89.06 EDA%, HEg|E=
BUHI 84.34 EDA%, BUH2 87.14 EDA%, BUH3 87.54 EDA%,
BUN 87.71 EDA%Z UERHO™, ABTS &% A}, HiEH|ok=

BAHI1 73.81 Inhibition%, BAH2 74.85 Inhibition%, BAH3 74.99
Inhibition%, BAN 77.63 Inhibition%, HWE|S|E= BUHI 74.61
Inhibition%, BUH2 75.55 Inhibition%, BUH3 77.44 Inhibition%,
BUN 77.96 Inhibition%= UElGT}. BFEH]oK = DPPH= A |Afjule}
2AUEER C 574 AREHBAH3)0] &1L, ABTS= WA |AfH] A&l =
I A 574 AREBAHIC] W2 Z 08 LERT Zlof His), MEs|==
DPPH7} A 578 AE(BAHI)0| 2 Z& A|2fslal= DPPH, ABTS
oA e 27t YAAFKp<0.05). TRt 71E 7H(Zapata-Vahos
et al., 2020; Lei & Engeseth, 2021)°f|4] $=73AHlo] H]5] =]AfuH
FAF7T R0l =2 AR HAET Q= Ao vlsias, 2
Aol Bieh]ore] ABTS 23S AlQfstale= Hlw A 2o|7} 2
A| ket

Y

a

B

T
1
-

=
AT AeleRol BT vgReA B Jolo] v]
= %S BB 96 DIARRE1Y ABS RS
= 951900, MIIA 9YET} £2 08 YHE uTt 0
bibe Ro2 ol igos Thste] S4sig 1 it
L Table 49} ek, wepulofe] A9, A7t 91, Ui oI

4

3

Table 3. Functional ingredients and antioxidant capacity of two leafy vegetables according to cultivation type

Batavia
Hydroponically grown Soil-grown
BAH1 BAH2 BAH3 BAN
Mean SD Mean SD Mean SD Mean SD
Total polyphenols (mg/kg) 219.68°+7.56 232.49°+6.49 307.98°+6.49 346.42°+14.81
Total flavonoids (mg/kg) 193.10°+4.67 200.98°+2.42 234.68°+5.04 238.10°+8.63
DPPH radical scavenging activity (EDA%) 76.70°+1.32 78.22°+0.52 87.95°+0.06 89.06°+1.91
ABTS radical scavenging activity  (Inhibition%) 73.81°+2.00 74.85%+1.51 74.99%°+1.83 77.63°+2.04
Butterhead
Hydroponically grown Soil-grown
BUH1 BUH2 BUH3 BUN
Mean - SD Mean SD Mean SD Mean SD
Total polyphenols (mg/kg) 196.34°+4.82 241.18°+8.35 234.32°+7.26 340.93°+3.96
Total flavonoids (mg/kg) 137.07%+5.33 159.86°+8.06 194.25°+8.83 273.25°+1.76
DPPH radical scavenging activity (EDA%) 84.34°+0.46 87.14°£0.82 87.564°+£0.57 87.71°£1.08
ABTS radical scavenging activity  (Inhibition%) 74.61°+3.83 75.55°+2.14 77.44°+1.10 77.96°+1.57

1Average of measurements (n=3)+*standard deviation

~

)
)
3
“Soil-grown batavia: BAN (farm D); butterhead: BUN (farm D).
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Mean values with the same letter in a row are not significantly different at ©{0.05.
Hydroponically grown batavia: BAH1 (farm A), BAH2 (farm B), BAH3 (farm C); butterhead: BUH1 (farm A), BUH2 (farm B), BUH3 (farm C)
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A& AEBAN)O] 6.97, 6.49 log CFU/gO 2 7F B2
Uehgon], WY tidEE 2.75 log CFUgCE Wol A&
E3IATHP<0.05). HEF=2] 7

> o8
2 vl
7

]L.‘l"

Sole A, U 27

57744 B %4 AEBUH2) 6.20, 5.86 log CFU/g, C 54 A=

(BUH3) 5.93, 5.71 log CFU/gQ & 2EEojA, 7S C 5%
A Z(BUH3)0A] 3.48, 3.71 log CFU/gC & =A e} (p<0.05), B}
ER|olo}= T} 2 A3 B Ytk Mohammad et al. (2022)9] 15Lof|
A= Al AN AR A E 23kt AR vl
AE m2ndE A OH, A, thdwr= Z3sto] di
o, B4 9 FgoloAE F Aua] TF 7oA Zfol7h HAYsHA|
oot} E JIoAE n YL HETo] vlelulol= LA A A=

SAeIA 2 mPdESH ]k

o] woronh, HeF=e]

B9 A AlEo] gol, 29 K57
el Qlol =747t fejetcta we

g 4= Qo

B 17}
AntER A 2 A QAR 250) Bt Auke
Table 59} ZEI:]-_ AZHA5FAY TS, hardness), 223(bitter taste)

Table 4. Microorganismsof two leafy vegetables according to cultivation type

5 A= 27 =3}t QT (appearance), Sl(taste), 37|35 L (total

acceptability) 5 7]3.% 37 F=, F 57l FE& 4519 L
4 &5 5 45 2T G914 Aot B
3g=ol L 921 o7k wAysk elelthp<0.05). Alge vet
Ho}o] 49 BAHI 2.6, BAH2 3.8, BAH3 4.1, BAN 4.5&, o] =
AHEY 155(BAHIO] 64 A7to] At Zog Hr7i=it
(p<0.05). HES|=9] 72, BUHI 3.0, BUH2 3.8, BUH3 7.1, BUN
57% 73A4H) 28=(BUHI, BUH2)0| 7} gt 2o &, UmX|
737 15-5(BUH3)°| 7Fg Tt Zlog "87]’Q ATHp<0.05).
slefalolo} BEIE B2 mROA A 5 AEE Y A
Zog H7PIQIow, o] Table 29 texture anlalysers] AT =
7% A= FYstol, BTB7IRE 71715401 IR FARE 2
3 Upebsdeh, 290 vpebulofo] 49, BAHI 52, BAH2 63,
BAH3 6.7, BAN 6.82, HEJI|=9] 79 BUHI 4.4, BUH2 4.8,
BUH3 6.7, BUN 5.30% H7}T]o] $=Z3A8 &540 2= AntE
T 1F5(BUHD2] £30] °F%t Zlo g g7i= it oo Hisf 7]
e o Ul ISR 5 Be IEOlA 1ol A7 A
SHA] 2oK(p<0.05), A3t &5t tisl] A== s3] o7t 7]
S5 Zpolof 7]ofRittal B0l o2, ole AR #eS
goll Higt Qi AT wApE & AollA 7|1g Al wetE:

o, 4]
1

22010

AT

Batavia

Hydroponically grown Soil-grown

BAH1 BAH2 BAH3 BAN
Mean SD Mean SD Mean SD Mean SD
Total aerobic Quter leaves  (log CFU/g) 4.54°+0.61 6.20°+0.28 5.16°+0.58 6.97°+0.49
Bacteria Innter leaves (log CFU/g) 3.41°+£0.64 5.68°+0.33 5.18°+0.38 6.49°+0.39
Outer leaves  (log CFU/g) 3.422+0.70 1.83%+0.21 2.91%+0.99 0.98°+1.35

Coliforms
Innter leaves  (log CFU/g) 1.00°+1.18 1.83%+0.11 3.00°+0.65 2.75°+0.55
Butterhead
Hydroponically grown Soil-grown

BUH1 BUH2 BUH3 BUN
Mean SD Mean SD Mean SD Mean SD
Total aerobic Outer leaves  (log CFU/g) 4.03°+1.22 6.20°+0.29 5.93°+0.38 5.46°+0.67
Bacteria Innter leaves  (log CFU/g) 2.47°+0.57 5.86°+0.45 5.717+0.31 3.37°+1.68
Calforms Outer leaves  (log CFU/g) 1.74°+1.69 1.59°+0.19 3.48°%0.30 0.51°%1.14
Innter leaves  (log CFU/g) ND® 0.80°+0.76 3.717+1.06 0.79°+1.12

1

~

3

;Average of measurements (n=3)+standard deviation
)

“Soil-grown batavia: BAN (farm D); butterhead: BUN (farm D).

https://doi.org/10.13050/foodengprog.2025.29.1.43

Mean values with the same letter in a row are not significantly different at ©{0.05.
Hydroponically grown batavia: BAH1 (farm A), BAH2 (farm B), BAH3 (farm C); butterhead: BUH1 (farm A), BUH2 (farm B), BUH3 (farm C)

51



HJ Park et al.

Food Eng. Prog. 2025;29(1):43-54

Table 5. Sensory test scores of two leafy vegetables according to cultivation type

Batavia
Hydroponically grown Soil-grown
BAH1 BAH2 BAH3 BAN
Mean SD Mean SD Mean SD Mean SD
Hardness 2.6°+1.0 3.8°+1.1 4.1°£13 4514
Strength
Bitter taste 5.2°+1.9 6.3°+1.3 6.7°+1.9 6.8°+0.9
Appearance 6.7°+£2.4 6.1°+£2.3 6.1°+35 6.6°+2.3
Preference Taste 5.3°+3.6 5.57°+3.9 4.0°+£34 5.4°+3.2
Total acceptability 4.9°+35 527425 445423 55+2.8
Butterhead
Hydroponically grown Soil-grown
BUH1 BUH2 BUH3 BUN
Mean SD Mean SD Mean SD Mean SD
Hardness 3.0°+1.1 3.8°+13 7.17+0.9 5.7°+1.3
Strength
Bitter taste 440423 48°+1.9 6.7°+1.8 5.3"+2.1
Appearance 577°+13 6.1°+£0.9 6.4°+1.3 56°+1.3
Preference Taste 5.0°+1.5 5.2°+2.5 4.0°+£25 5.7°+1.8
Total acceptability 5.1°+1.4 53'+23 41°+£26 5.7°+2.1

YAverage of measurements (n=3)+standard deviation

~

)
:Mean values with the same letter in a row are not significantly different at £0.05.
)

9Hydroponically grown batavia: BAH1 (farm A), BAH2 (farm B), BAH3 (farm C); butterhead: BUH1 (farm A), BUH2 (farm B), BUH3 (farm C)

&

Soil-grown batavia: BAN (farm D); butterhead: BUN (farm D).

o
=

FO

£ dolats Al SR AntER AR GRAF A A H
FAFY FES AHH o g vlw Hrielr] sl #AEE, 27D,
A ESEE, pH, 7154 &9t A&, 71548 AR, iRk, B
(LS, WD), W54 59 FE84E HiEH|of, H
EHE GAF 252 YR EA6IGI: AntER A u
LA AT F-21A A7t AT 8 FES FY, 24
7, 7154 R0 Hiehulole] AR FS 127.15~138.26
g0 2 LA AH] Z2F 219.30 g thH] 58~61% 202, HEI=
9] LAY B 107.48~127.66 g2 A Au T 237.23
g e 45~54% 0 & WA UEPdThp<0.05). 24T 5734
H 15 5(BAH3)yS A Qfotal A Al Zgo] B Tt 2o
SN (p<0.05), A, FH, oHEo] AT Bals 7|E0R
73 A BlefH]ore] Aeke & XAl thH] 32~82%, $73 Al
HEFE0] 2272 A4 H] thH] 49~70%E, S3AH E5E
9] ZAZto] A%t o= Yt A7](Zel, YH)), A, &, pH,

I

52

71573 &5 Adu2 AlRE Aol e, ARt Bkt
Ao)7F WAYSIA= A kTHp<0.05). Auligzt Aol EAEt F
= 5 71574 AR A AlEol AR AlEo] vzt
& ZTHiE2 viERo 63~89%, HEIS|E 58~69%=, & STt
1o &= HEFH|o} 81~99%, HEF|E 50~71% FFOZ ThHE
of 73l AlFelAE vlald] WAl EAA] F50M w2 B
< HEFLH(p<0.05), FAlote 71679 A2t il A A
Pt 7o Afolek Aol FsAE Ut vidE 24 2
Y= vrEHoF Alate7t 99, WY 27 eAlAERolA gol

e, I fole F Aidd A A2
(p<0.05). Ts F7F Aie A= 23T 29holMe ¢
o4 A7t WA=, A A B A AlE=
(BAHI, BUHI)0] B It o= H7RIQLon(p<0.05), °l=
FACAGE) 54 et AR 1 9] 7|5k 3PS,
ok 712 )elMe B 7olE Aol EAYSHA] ekot(p<0.05),
YxAHI £ T 54 Aele G 3o, ol e Ve

Aol7h A= gk Aom Uehir). & oA Adlo] e} Anje

e

14z o

E
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H Aot XAl Bike 2 AR EA 54 Aol e,
A7 LA A Algel Ha ¥l Sl Al Ak 22
5492 7 71573 43R el Ao &
L AF7F A A FAo] gt 718 2aE 2 ARED)l
ofFolA, Ao sitEe] o] AstE: M7l 5 HE
Ardol Al XAl Ao} Fd 54 vlal A5 HARith
H AntEY AN SAbE 54 mieke) xAlee ¥ 4
& o= Tk
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