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Abstract. This study was conducted to evaluate the growth characteristics, phenolic concentration and antioxidant
capacity of safflower (Carthamus tinctorius L.) and amaranth (Amaranthus spp.) sprout and investigate the possibility
of using super absorbent polymer (SAP) as a medium in hydroponic cultivation in a plant factory. The control was
used a commercial sprout cultivation tool (19 x 14 x 9 cm, W x D x L), and a treatment (SAP) was added on the
cultivation tool to compare the effect of SAP. Safflower sprouts were immersed in a distilled water at 30 °C for 5 hours,
and then grown in a plant growth chamber. The temperature and relative humidity were maintained at 25 + 1°C and 70
+ 4%, respectively. The light condition was maintained at 35 + 6 pmol-m~-s™ (12h). Amaranth sprouts were grown in
a plant growth chamber maintained with temperature of 25 + 2°C, relative humidity of 70 + 5% and light condition of
188+ 10 pmol-m™s™ (16h). A physical and chemical characteristic of SAP, and a germination rate, growth characteristics
and secondary metabolites were analyzed in both safflower and amaranth. There was no significant effect on SAP in
a germination rate, growth and secondary metabolites of safflower compared to the control, whereas amaranth grown
under SAP was higher in germination rate, dry weight, phenolic concentration, and antioxidant capacity compared to
the control. As a result, this study was suggested that cultivation of sprouts using SAP would be possible in a plant
factory, and further studies on SAP on plant physiological response are required.

Additional key words : antioxidant, phenols, plant factory, sprouts, super absorbent polymer
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83K Carthamus tinctorius L.)= <3S Compositae) |
3l QWA 220 2 oo 2] Aok E of ]
eulobr} Z QAo F2, EMl SAo|HE At
(Lee, 1981). 3}= 2, TAF LF oF§ 0 2 A= 3-5-4]
© & aspartic acid, glutamic acid t5F0] =01 thE ofu|
AW Apke] gleo] oh 47 maAEo R Hasin
(Kim 5, 2000). P& (Amaranthus spp. L.)+~=gopH| 27}
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MEAZ A X, M30H x1= 20214

TARR| 7} LAER] Q1 BIEIN Amaranthaceae)©l] 5= Y
HAY A o] AlEo]t(National Academy of Sciences, 1984).
AR FOIAE 4175 0], ob ) Auke el AAL B2 &
HollA| 7} A5 == 2HE 5 shte]m(Lee 5, 2014; Xiao
5> 2015), ot 0] Qlojuf Aol = A |, F|l, Sep
o|E 5 Rt 715 E4o] =] Itk Gins 5, 2010).

AR 4-10cm B]gHS] AR, 51 534 o]
910]3-63) 2 ) sfatol o) vjok Ao S BAI= A1t
] A2 H e} vlerRlat nd|E 59 754 Edol gL, ofdl
gefloll A =2t 7] wholl el 7)1k BHar AAkego] ghom
AlE o] skl e Al 7HR|AL QickLee &,

2007; Steadman 5, 2001; Zhang 1992). T}oFst JoAs
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Alo] 2| AT 4= 9lo] 2000 thEE] A hE2] A
2 AT w7} ool whet 2187 sANES] Anl7t Eolut
TRl Hjofv] AAF50] Aato] A|&52 02 Hofufar Qlt
(Seo, 2013).

57 A= AR Aeishr] f1ek HA sk o=, =
o 4] 19921(13.4ha)5-E] 2002d(780ha)S 74 A7}k
A Aful] WA o] HLEF] F7FSkAL QLo =74 Aul o] 84% 7t
Heto| EQF o 59 AP ufR|7F o= AulEar glot, H|
7] WY 7HA o) v, @ A Yo oleS Al
2Hd Z13HA Q1 vl =] 7o) F 2 4 o] K1E|o]A] $tK(Cheng
=, 2010; Kim 5, 2013; Lee 5, 1993; Lee 5, 2007; RDA,
2003). AL A= EOF SRHEN ARSEL A 2o w)
2} 5i7] 27} ofehe vhe 1 A4S} e A ge
o] oW FAdo] AT MEA g AIE AT
0] 715 TRl Fof] Egfol| A Awal Eo] g 2 |
7E AR Flolle #|7]of] of#fzo] $itHAhn and Yun, 1999).

18] 3 B A Super Absorbent Polymer, SAP)=
SIQF F ol A} xof| whet 27| F4]2] 200~1000
WA B8 Bt 2 900 2 B A] Agel) e} EIck
SAP-2 U3 7|47, o/3-8 A28 59 9188 4t
of| A k] ARG-E|AL Qlom, e et o2t s - o]l
Hol7A] thoksiA &-8-%a1 It Lepoutre, 1976). SAP 2]
Hold a5 S ol 7|w1sto] kol SAPE A 2j3t &3
FEA B 7 &Y 9 i FAlgo| ST e
(No, 1987), 0]~ A2} H 2)(Woodhouse 2} Johnson, 1991),
L4x(Islam 5, 2011), Hj(Jamari 5, 2015), &, AFE55=0]
TRE A R3] of 2E0] St 4o A A ESE
Ak o= e 7l A SAEA G A B
S04 Q= SAPO B 07, BEoF U] =4 EH|E=
= B #HO 2RO 7 SRS A T
Zagt =5 AAI 4= QUh(Bai, 2010). & S Al A
(gel) Fe 2 HlHA Fu] P o3t Yokt PO =
74 a5 RO Wl B8/ SHE S8l ARS-ETHPo,
1994). 12} =g SAP AR BEQF RS =2 a6}
Al 57 A A 2812 Sl ZAI7EE o= Q7] ezl ARS-
S z4dsfjok stti(Jo 5, 1987; Watanabe 5, 2019).

SAP= Egfpof als 9] o), Fr|Ho] AT Al 4=
= Frgo| Aashs 54 wiiZel Al 71Xt et 5
ARE-SH= A4 A afof] 27t sttiBowman 5, 1990). 2
A= B Aol A SAPS viR| = ARRS o, 1) 33t
ofmpgtA o] Hrolel A, T2]al 7|5 g Aol v = FoF
= YolH AL, 2) A FH O 2 A9 &8 The/dS A5
A AABHT.
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1. HiX] & A8 M=

2] A 22 SAP(GK 18224227 H]=300G, GK 12
Fa]o}, Gwangmyeong, Korea) S SH0f £ gel & FEl
2 dRdo] o] 83I3ith(Fig. 1). A& A& 2= Z2 Carthamus
tinctorius L., Co. Danong, Incheon, Korea)@} ofajgkA
(Amaranthus spp. L., Co. withbud, Incheon, Korea) ZA}-&
o]-&-5} 3k

M

2. SAPQ| 22| - 5l5tH

SAP2] EE|ZEAS EA51a14}F SAP(bead)E 0.2, 0.3,
0.6g% Ao 3 217} 7= 180mL e} Egtsto] 2417 <t
TS FAIA 208 A 07 A-IH & o] 85to] 39HEC.
2 592 245190} 2 SAP(bead) ool W Hu] S L5}
I 4E-S ST SAP(gel) O] K1) & sto] uij=E Aklst
%It SAP(bead) 0.2, 0.3, 0.6g 2] A4 H-32)= 2} 0.30, 0.45,
0.90cm’0]1, Hu] F7} pAJ oh 4|02 ARLstlom],
AV 2252 525 SAP(gel) 2] H1|(ecm’), NAVE 5
&4 71 SAP(bead) 2] H-3)(cm’) & <Jn]gic.

=]
=y

AV
ol Hy] &2y} =———
SAP2] Hu] Z7}

SA

=

o]

SAPO| W7} - Fago] nA]s Y Kk
(bead)Z 0.125, 0.166, 0.25, 0.5g% HF & 747k Z74
150mL e} Sgsto] =2 == 4t ARkl mhet 1, 2, 3, 4,
6,7,24, 96 A7t SRS o8-l s A
FFAE AR 3N ST EE T (ml/g)2 of
o A 0% Ak, AG= a2 5= 521 SAP(gel) #7l(2),
NAGE 45 5= % SAP(bead) 2] F-7|(g), WG=SAP(bead)

n°] F5=¢k 2%/ mL), n> SAP(bead) 9] H(g)& vtk

|
>

N
>.

E:L"o
EZIN

Fig. 1. The bead of SAP before water absorption (A) and gel of SAP
after water absorption (B) used in this study.

Journal of Bio-Environment Control, Vol. 30, No. 1, 2021



AFA YEAE EoF B ofubehs Ajge] ol Bl gsof wjH= P

AG—NAG=WG

WG
n

SAPO| 45 55:2H(g) =

Al A Ei AT SAP(gel) ol A B e Fske] At
7] wj&of SAP(bead) 0.125, 0.166, 0.25, 0.5g2 A= A=
sto] 242 S5 150mL et Skl S +-= SAP(gel)
= Ao 5 SAP 2R E §E2%H FR75EpHS%7|(Orion 5
star Thermo Scientific, Beverly, MA, USA)Z 1, 2, 3, 4, 5,
6,7, 24, 96 At 52t pHEF ECE 3HHE 0 = S 5130k

Z712 0 &2 SAPYIRO] A ES BLX51Y] €3] SAP(bead)
2.5g& ST 3LE B HIAMA TLE FATIL
SAP(gel)oll A A7] W& 5N 1.5LE ddsd7]Edol
42 248 @A pH, EC ¥ NOs-N, K, Ca, Mg, Na, Cl,
HCO5, SO4”, Fe, Mn, Zn, As, Ni, Cd, Cu, Cr, Hg, Pb,
NH4-N&| o] & 55 243513t

3. SAPH{X| xHHHS| Eot=

SAPO| uj 1|24 9] 2Hg 7154 1] 98] let ottt
2.0] Zuf A7) A drohg ZALS HA] AA|SHITE AR Al
7](Mini sprout cultivation, Asia Seed Co. Ltd, Seoul, Korea,
19 % 14 x 9cm, W x D x L)o]| Z}2F 222~ 570mL, 2522
T4 SAP(gel) 570cm’™ S A3 EFHHRE 7 F 4°C 2
SHroll 1SAIZE JAIAR S35k A SAE 80 A A A
v} 7] of| wpE-5F ATk opehi AR A= 3R] A 2] §lo] 80
YA whEstGih Zoket opuleti= 7 A2t 470 2] ZfHl
71014 AufstRATE Aful 717 St SRR e skl e
2= o 5ol 7 ¥ &2 Zola=al ST0mLYHE, A2+t
WA §lo] SAP(gel)o] 570cm’ S FA|5H=2 T3Sk,

SO AR A W 11 $- 4L Fet ol A A
HSFI AL oppghs RS- 270l A 4 F3F Aufste]
o} 717k Rt ¢ 7HA o = Holag 4nkE .o = SA513th
A R 252523 £2°C, 260+ 6%7HrA] =
QI 2 62 + 6pumol - m™s” 2 A} YL White
LEDE ARESFAAAL 12A11F 7] =2 335 A 2] sk3iTh

4. SAP HHX|Q] AHME HjHH i
A A 71(19 % 14 9em, W x D x Lo A28 251, A
2] Loll= SAP(gel) & 3 - vlE 1 A= 2 7 FEl 2 7H
30°C ] Si=poll 7132 AYFAE ol SAREEF A AR
S AR FALE 100 Y4 9RHE- 0 2 2| AJ5L o] A1 EA AT
A AT A Ui 2525+ 2°C, =70+ 5%

MEAZ A X, M30H x1= 20214

2 9AEFAIL 33235 + 8umol-m ™ 0 & AAsc) 3
-2 White LED S ARG5S, 01 12A17F 57| & F& A 2] s}
Ak 4 F2t ol 57 UAF et Auliste] =Ekeh & AYSe =
A 7152 A ARERLGIL 2 | R Eol S
31570mLA] S-F== Tt

AP A 71(19 x 14 x 9em, W x D x Lol #2521, 3]
2 Lolli= SAP(gel) & 3t 5 ZotE F AZZ IR e = 724
31 ofubkA A F2} 1002 SRS O & 2| AF5to] A1EA)
2ol A Aulat At Al EAAT Y &E1=25 £ 2°C, 5
270+ 5% $-A)5h9 1 -2 188 + 10pmol - m™s™ 2 4
“Jt3ict ¥ White LED S ARE-819. 0™ 16 A7 57
2 FAE|sto] 3UEL FHol F 8UF 2t Auliste] =gt
S G 7540 B0l ARSIk 5 7 &2 o)

2 Bl59la S R4 570mLY Bai e
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5. 4= XA

Ao w1071 Agsto] SkBo R A5k
W] o] 2] ~(CD-P308S, Co, Mitutoyo, Japan)E- 0]-&3
of shilj&0] Zoje} 217-S SAstaL 2715 A|ASH] A&
(OHAUS, PAG214C, Parsippany, NJ, USA) 2 A 52 =
AsIic 11 370°C 9] =2o] E(WOF-155, Daihan, Wonju,
Korea)ol|A] 72417t ¢t A% & A5 A =
T AASFEW) ol A ES(DW)S M gofl Al BAIS<
2 Lol Atslo] Mg Falsild

FW-DW
e —

W 100

%) =

6. 7154 24

FAo] A8 ARke] AFIZ(/10 plants)S ZA5}]
10mg o E ImLE AAkste] S=g ghao] Xej 54t
5.0 2 Zu|l%c. upRpApo] -70°Co| Bk Akl obx)|

A42 YO 5 Z1o}i] 80% OFA|E-S 3mL A Wil TthA] Zo}
938 Azo|ER ImLA micro tubeol| £53} 5] 45°C 2]

ANEe] & Hl 5 242 Folin-Ciocalteau {0 =2 2
A5t Ainsworth 2} Gillespie, 2007). A1E2225711,350
rpmOf| A PR A1 & AFHS S0l o853l 135
ulL o] S5, 750uL 2] 108)E 344|171 Folin-Ciocalteau
A|9KSigma-Aldrich, St. Louis, MO, USA)¥} 600uL 9]
7.5%(W/v) NayCOs & A &2 S31 3t & 9 255 50ul
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A -

£ 4o vortex mixer (MSH-20A, Daihan, Wonju, Korea) 2
10Z7Fvortexing$-45°C 9] gk-& 4=220f 15587 HEEA| T
Blank = 2] & AE )41 80%(v/v) OMA|EC 2 0]-8-5131 11 1|
=3 o] A A|S(g) T gallic acid(mg)(Acros Organics,
Belgium) 2 FESHIT]. FE 27 A Al RS 216 Al
F 31 B33 A)(Libra S32, Biochrom, Cambridge, UK)
£ 765nmof| A F3=5 SA5ISIT

&A= ABTS(Aminobenzotriazo le; 2,2°-Azino-bis
[3-ethyl benzothiazoline 6-sulfonic acid] diammonium salt)
£ 0|83} WhH(Rice-Evans 5, 1996) 0 & ZA3}9ich A
25711,000rpmoll 4 4R A7 4RSS ALl
t} 2.5mM 2] ABTS(Sigma-Aldrich, St. Louis, MO, USA)
85 ABTS 2 ol §H(ABTS*) 0.2 571 I5}0]
0.4g 2] MnO,(Sigma-Aldrich, St.Louis, MO, USA)E g1
30427 Egsto] ARESEGITE 0.22um o) AR D E|(SN13-
P020NL, HYUNDAI MICRO, Seoul, Korea) & 7| = ABTS*
Lol9-30°C2] 32 ~x0of Yl SmM 2] PBS[phosphate
buffer saline, pH 7.4, ionic strength (150mM NaCl)]-8-H 17}
slAste] 730nmofA FFEE 0.7(£0.05) % SHF3Ich
100uL &) 553 ABTS*- 8 of BE8-A|7] &, vortex mixer
22250 ERF 13 30) FHES T300mol 4 2453
t}h AOS+=oH] A A|5(g)F mM Trolox [(6-Hydroxy-2,5,7,
8-tetramethylchrom ane-2-carboxylacid (Sigma-Aldrich, St.
Louis, MO, USA)| & &35tk

7. A 24

EA B SAS T2 IF(SAS 9.1.3, SAS Institute Inc.,
USA)Z o853, SAP 2] = B o814 542 A2
3REE, A0 Hokg-& A2 4ntE, s W 754 A2
A SHHEO 2 ARSI Hoks 9 Ajul) A2 523
HEE AAISHGITE SAP O] =] 9 31eH4] 5442 Duncanths:
AS AAIBHAAL, E3fef ofnfek o) Whoks, BAlF, &
%, el shills, A7, e, AR E S ttestE A
Alato] f-214d-& ARSI

N

zn} 2l pEt

1. SAPQ| 22 - 513t £4

Fig. 2= 2A17F 59 208 712 © & SAP(bead)2] 9K0.2,
03, 0.6g)2 22| 5] 73] 3715 279 Afolck. SHP
B 1004 O] 76 SAP(gel) o] 3E|o] i 35 ¥
910 o] uf 0.2g740.3g:> 242t oF 184u, 17817} .11
7k S7FSHEL 0.6g% oF 1637} S7151A0k 402714
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o7ke - olut - &A1Y -

ATk

0.2g7}0.3ge]l H]8f 0.6g 2] F-1] F7F%o] ZAAIRF 60-25-5
AR} Z7 £ 27 =8 XL SAPo] 3£35Hs 1005-5E 0.2g 7}
0.3gol Hlsff fojHeor e ZkE HSIth Fontenof}
Bilderback(1993) ] @ of] wp=H A= of| wpe} vl Fo] th=
7] wizoll 7HelFo] FAE 79 SAPo] & S35 WA
sl= o] B ¥ 0 & Aok j7| wjiEe] 87187 57t
A gFekaL sk3ick SAP Y fo| Wol WE 5 5 5
Sl HFEH A 0] ZhAsslal A = ARgSh= QFelo] mobA
Ba7) 7hashe A 0 & Beltk(Yun, 2016). 425 55 3

2] 20| 2 <15} SAP(gel)©] Halo] WAL QLS AL o
1
|

ol ]I_?.

-

o

of Al AR oA gel Fefol A Bakstel Hashs 2o
astch g4 5 1005 AT K] F7171AAS
BT 120 B = A 2] S7F5HA 9E31 10053120
ofoll £ 52 xfol 7} gigick uebH, SAPS] Beld Sy
71 bead Wefoll A 2§51 =¥ gel el wsheix
oF1604] o) ¥517k Z7hohu, Sf2ARE A B8 F45
F4sto] mateltks 212 o 4 T Fig. 2).
SRESAI] Y3 SAP(bead)9] A 3} B SAP
(bead) 2] S-HESHmL/g)e] chel LAISHHK Table 1),
SAPS] $7o] whef OF4~6 A1 7= BTl ARES B
O, 1 A Rlof 4] 4§ F24A17H] SAP(gel) A7}
7P 9k S-E840 AL 23k SAP(bead) ] oz A
Thglo] 854 4AI710lA] 3 oF 18.44(mLlg), 24 A1k
A T OF19.22(mLig) 0] GHS Btk o] Ak 412 Al
of| SAP o].§ A] P& 2 (Aol) W A akto] B A
%S AOR} 4 QJrhs M5 ALS Mol SAPO] Ml 4
B4 T 2ARHE ZME GO S oA 4417

Mo 2= oY i

—_—

250

7 200

[

£

@ 150 |

«©

2

g

< 100

E

3

o

> S0r —e— 029
— - — 0.3g
===g=i—i= 10.6g

20 40 60 80 100 120

Time (min)

Fig. 2. The changes in a volume of SAP (gel) according to the amount
of SAP (bead) and water absorption time during 6 hours. Significant
differences at 5% level with Duncan test. Vertical bars represent +
SE (n=3).
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Table 1. The changes in weight of SAP (gel) and water absorption according to SAP (bead) amount and water absorption time (n = 3).

Weights (g)’

Water absorption (ml/g)

Treatment (g)°

4h 24h 4h 24h
0.125 23.34 + 0.20 2447 £ 027 18.57 £ 0.16 1948 + 0.22
0.166 31.74 = 0.79 32.81 + 0.40 19.02 + 0.48 19.66 + 0.24
0.25 47.69 + 0.26 50.05 + 0.32 1898 + 0.10 19.92 + 0.13
0.5 86.44 + 1.37 89.60 + 1.51 17.19 £ 0.27 17.82 £ 0.30
“The amount of SAP (bead).
"The weight of SAP (gel) after absorbing water.
*Data represent the mean + S.E.
10.0 0.10
A | B
—— 0125 i 4 0.08
— . — 0.166g //
8.0 — —A— — 0259 5
—=w-- ‘f”i 1006 E
- (7]
B ) 2 R - i»—f‘i’ s
v’ = P Joos 8
6.0 | /'//,i A
P A A—AT 1{0.02
7 N
0.0 0.00
1 2 3 4 5 6 7 24 9% 2 3 4 5 6 7 24 9
Time (hour)

Fig. 3. The changes in pH (A) and electrical conductivity (EC) (B) of distilled water leached from different amount of SAP (bead). Vertical bars

represent + SE (n = 3).

o|Fof| = FA F7F7F Y= A o= Hol SAP o] Ku) 7 Xt
2 27150l 2R EAL 7R5a A0 Heltt

SAP Q| 3tel2] £/ F pH= A 2ot 7ol 2 2ol 7F QISIA
TH0.5go| A ZHte] F43F WskE H Yth(Fig. 3A). TLeu
96 417k Fol= pH 72 7] ekgkom Azt 7he] $o 4 2
17} hch. T SAPS] Qo] 425 pH o) sk Zo] 215}
t}. ECollAl= SAP 2] oFo] T&5 glo] #=A| vehst=dl,
53] 0.5g0lA= Alzko] Aol whet 2A F7FeFithFig.
3B). 0.5gof|A+=96 A7+ S0 EC710.08 ds/m 2 TF2 A& &
ch oF 4u] 5l $1°] kel pH W EC O] HishS41S
nefet 4 2 41 9 ol 2400] L, SAP7}pH
W ECol 3k ok 24 Shelet 4 Itk

SAPS] 45 7IAfet 2z} ]kl Lful Bpelal K, Ca,
Mgo| Z+7+0.12, 0.07, 0.01(mg/L)°] FA<EE| It Table 2).
SAPS| T}l % Nak T2 o] 2] vl gheo] wokel A
S A35]of| A8-5F SAP7} NaA| Polymer & 7] W&ot} 31,
SAPS] 220l 2791 laFo] 714 b Fujge] F
4 AR TR AL AEIoRY A9 7120 ofs)
H QUAf Falet 2 oF Yoo &, 2010). °]& 53

MEAZ A X, M30H x1= 20214

Table 2. Chemical characteristics of super absorbent polymer (SAP)
used in this study.

Element Concentrations
(mg/L)
Na 3.65
. K 0.12
Macronutrient Ca 0.07
Mg 0.01
Cl 0.80
Fe 0.002
Micronutrient Mn 0.002
7n 0.001
Cu 0.004
As 0.001
Ni 0.0004
Heavy metal cd )
Cr 0.0001
Hg 0.002
Pb 0.001
HCO; 104
on o 0.56
NOs-N 0.16
NH-N 0.01
41
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SAPE JR(AD)ollE P ol B0l FHHoR AN ot 7] AGo] LAY Ao] FUSHA] Ht Ao ®

Qe TMe S Kol 25 018 gt 3 1A AF A ghEtkElliot, 1992; Powel, 1982). o] A& o] 3= SAP 2]

A7} B ashear whekEc. A8 712 Z o] Ak o] o] 7] Al 0 2 25 Al o A=

F2az)0] © 3L Zo| 1 Maly} AR A] G2 A E o]

2. SAPX{2l0ll I}2 E3l9t ofnjatAo| ot ABNE|o]ob 1) A0 2 ALEECh Tab, SAPE HIX|E o]

F3EAS 2T SAPO] HEPS 03U = Ao Blol I Faje} ofulgkag] wojoli= ofgFFo] G2 Bhelat

7} Ho|z] 9kgtoL), dlol4elxjolli= SAP X 2] Lol A 73% & 2= 9)9) o1, SAPO] B A] H A3t B2z AAL O3t AT
oET67%) e} HoLgo] BRSO FoHA ol gl /HBAT RO ARk

oArkFig. 4). olutekzs Ejo] wohg E v7e} Hely
o] £ Aol glglont ol 38 Aoz SAPoA] foj o
o7l R, 4 Ao 41% 2 T 2.8 2k 1 gl
o). Wolg AE A7} 24 A SAPL] ] o} 71552 o

3. SAP xz2|of| 2
27154 X

St AR Aol A A 2L SAP A 2] Afo]of] ot

Ofol

2F Mot ofop2tA AfMe| MK

A= AU O A7 SAPO| leF A] B2 7} aLAfSE] A & WA, eSS =T, oMl A7, 716 =80l 2
BT WS S AN Rk o BHXI] 09 oS 7] QIITHTable 3, 4} Figs. 44, 5). thzo] vl
Tlré;m%‘é B RS WE 4= g7 wiZel a7t A AL 715 BR moa FIk= §19) 0L} SAPH|R| 2 S5
22T, O SAP A2 A Bo] SAPO] FobA B2 5] A A} Rz 2 A ) F A BRI
5401 B oj5o] A TdA Ol Sio] ol BRAA ik wak ho] v Brol AHg L §4 Mot 71
100 50

= A NS B NS -

o 8+ 14 %

=] = (=]

: = :

S 6of 130 8

g / g

S af 120 §

g g

E 20} 110 E

8 NS ——@&—— Control 3

— el — SAP
0 0
1 2 3 4 1 2 3 4
Day

Fig. 4. The changes in germination percentages of safflower (A) and amaranth (B) sprouts grown under SAP medium for 4 days. Significant at p <

0.05 (*). Vertical bars represent + SE (n = 4).

Table 3. Growth characteristics of safflower and amaranth sprouts grown under the control and super absorbent polymer (SAP) (n =15).

Weights (g/10 plants)

Moisture content Stem diameter

Hypocotyl length

Plant Treatment
Fresh Dry (%0) (mm) (mm)
Control 0.83 + 0.03” 0.12 + 0.01 85.40 + 0.29 8.82 + 0.34 1.61 £+ 0.05
Safflower
SAP 0.91 + 0.08 0.13 +£ 0.01 85.26 + 0.64 8.99 + 0.96 1.62 + 0.03
Significant® NS NS NS NS NS
Control 0.29 + 0.03 0.055 + 0.001 80.06 + 1.89 6.76 + 0.34 0.72 = 0.02
Amaranth
SAP 0.30 + 0.01 0.064 + 0.001 78.81 + 0.81 7.11 £ 0.16 0.79 + 0.03
Significant NS ok NS NS NS

“Significant at p < 0.01(**), or not-significant (NS).

*Mean separation within columns by T-test at p < 0.05. Data represent the mean + S.E.

42

Journal of Bio-Environment Control, Vol. 30, No. 1, 2021



AFPA LI ATE FoF 9 ofughs AfjgRe] ol Bl ol wjH= JFF

Table 4. Total phenolic concentration and antioxidant capacity of safflower and amaranth sprouts grown under the control and super absorbent

polymer (SAP) (n=15).

Total phenolic concentration

Antioxidant capacity

Plant Treatment (mg G AE~g'] FW) (mM TEAC~g'] FW)
Control 0.297 + 0.013” 0.246 + 0.004
Safflower
SAP 0.311 + 0.012 0.245 + 0.001
Significant” NS NS
Control 0.105 £ 0.006 0.224 + 0.001
Amaranth
SAP 0.148 + 0.01 0.253 + 0.001
Significant * ook

“Significant at p < 0.05 (*), p < 0.001 (***) level or not-significant (NS).
*Mean separation within columns by T-test at p < 0.05. Data represent the mean + S.E.
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Fig. 5. Safflower (A) and amaranth (B) spouts grown for 7 and 8 days,
respectively, under control and SAP medium. Scale bar represents
lcm.
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