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Abstract

Cultivation environment significantly influences plant growth and phytochemical biosynthesis. This study
aimed to investigate the effects of sodium chloride (NaCl)}-induced salinity on the growth of Thai rat-tailed radish
(Raphanus sativus var. caudatus Alef.) microgreens and to evaluate their biochemical responses under salt stress.
Seeds were germinated and cultivated on NaCl solutions at concentrations of 0, 10, 20, and 50 mM for 7 days
under controlled environmental conditions, with identical light intensity and temperature maintained throughout
the experiment. The experiment was conducted using three biological replicates, each consisting of 200 seeds.
Growth performance was evaluated by measuring stem length, fresh weight, and dry weight. Dried samples were
extracted to determine total phenolic content (TPC), total flavonoid content (TFC), and antioxidant activity using
the DPPH radical scavenging assay. Individual phenolic compounds were identified and quantified by high-
performance liquid chromatography (HPLQ). Statistical differences among treatments were analyzed using one-way
analysis of variance (ANOVA), followed by Tukey’s honestly significant difference (HSD) post hoc test.

The results demonstrated that NaCl concentration significantly affected the growth of Thai rat-tailed radish
microgreens. Plants treated with 10 mM NaCl exhibited the greatest stem length (9.62 + 1.46 cm) and fresh weight
(14.67 + 0.62 g), whereas those exposed to 50 mM NaCl showed the poorest growth performance. In contrast, no
significant differences in dry weight were observed among treatments, indicating that salinity primarily influenced
tissue water content rather than biomass accumulation. Biochemical analyses revealed that microgreens treated
with 10 mM NaCl had the highest total flavonoid content (9.00 + 0.52 mg QE ¢”* DW) and DPPH radical scavenging
activity (63.33 + 2.44%). Total phenolic content did not differ significantly between the 0 and 10 mM treatments
but was significantly higher than that observed in the 50 mM treatment. HPLC analysis of five reference phenolic
compounds, namely chlorogenic acid, caffeic acid, p-coumaric acid, ferulic acid, and quercetin, showed that p-
coumaric acid accumulated significantly under 50 mM NaCl, reaching 0.62 mg ¢~' DW, representing an 8.8-fold
increase compared with the control. In contrast, caffeic acid reached its highest concentration in the 10 mM NaCl
treatment, whereas quercetin was not significantly affected by salinity. These findings demonstrate a hormetic
response in Thai rat-tailed radish microgreens, in which mild salinity (10 mM NaCl) stimulates plant growth and
enhances the accumulation of antioxidant metabolites, whereas severe salinity (50 mM NaCl) suppresses these
physiological and biochemical processes. The results suggest that moderate NaCl treatment may represent an
effective cultivation strategy for improving the nutritional quality and functional phytochemical content of rat-
tailed radish microgreens.
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(2) Caffeic acid (3) p-coumaric acid (4) Ferulic acid wag (5) Quercetin 9) Tasurlaunsuesansatnndusouindyad
15%u NaCl 0 fiadluand a) Tasurlaunsuvesansanmaindugoudilasu NaCl 10 fiadluans <) Insuilaunsuvesansainan
Fugouiilasu NaCl 20 fiedluand 9) Tasulaunsuvesansanmaindugoudilasu Nacl 50 fadluans

NANN5ILASIEY Ferulic acid 3A1A99 ARMUDLTY NaCl 0 kay 20 fiadluans wazanauils NaCl 50 dadluans
warNUINUSINaIBY Quercetin MAszslalllanaaiuilaagunnududuras NaCl (115199 3)

M990 3 UaAsHaNITATIUTIEsUTENeuasHiueARluasansain AU UAN AN TEAUAUTNTUA1NY

AILNTY  Chlorogenic acid Caffeic acid p-coumaric acid Ferulic acid Quercetin

NaCl (mM) mg /¢ DW mg /¢ DW mg /¢ DW mg /¢ DW mg /¢ DW
0 0.34 + 0.03° 256 +0.11° 0.07 + 0.007° 1.39 + 0.01° 0.10 + 0.001°
10 0.23 + 0.0° 3.48 + 0.07° 0.08 + 0.006° 0.93 + 0.009" 0.08 + 0.017°
20 0.24 + 0.01° 2.93 + 0.06" 0.10 + 0.003" 1.39 + 0.032° 0.09 + 0.001°
50 0.11 + 0.01° 3.06 + 0.02° 0.62 + 0.009° 0.44 + 0.002° 0.08 + 0.013°

uge: Toyanuand 1191NANRAEIN 3 91 + SD IATIEVAULUTUTIUNIUGAEY (One-way ANOVA) 152AUAIY

o o

1W@otiu p < 0.05 wazfIgnwINAAULANA1AUlUNITITMEILAEINUY wansINdlauLANaNAueg 1T ded1AyNIaif
WiguiisuAaanmels Tukey HSD Post-hoc Test
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ndwavasauAusansiule

HaN1sVAaeINUI1 NaCl innududu 10 fadluans ?iﬂLﬁ%mﬂ’]iLﬁ]%iyLa‘UIWU’e)ﬂiﬂﬂiﬂ%uﬁﬂ‘ﬁﬁﬂﬂaﬂﬂﬂﬁﬁaﬁﬂﬁm o8
LARIFULUUMIABUAUBILUY Hormesis namiFenanfsiluseiudsimihildu eustress nszfunszuiuns maea3sinen
Y03fiY Usingnisalfiinaniaenndesiuseuues Plocek et al. (2023) uaga3delufiansena Brassica Wu31AIILAY
sydusnssfuliiiunsgaidduwaduaznisuased dwaliddudagntu mafidmdnus liumndrstusewitengy
npae s uImInanLas mmm’;ﬁﬁmmneﬁaﬁuaEJ'szmau Ueiranududnandn m'aamaﬁﬂuwaé (osmotic
adjustment) inimstiudinsdunseiansdurss nanaie NaCl mwﬂwzjaaammam 91nnaln osmotic stress vl
muaauuumuﬂamamaameaummmmu Fagoandostunalndl Na* uaz CU azau luwaduazsuniuaunaoealufn
(Taiz, 2015) vueinsdaaseiansdunIgnunseuIuMs carbon assimilation Ssasaniiululy seduund lumanduiiu
NaCl 50 fa@luans é’uégmmﬁfg@uimashqumLﬁaqmﬂmiazaﬂaaau‘[mﬁau TudSinagasuniunmsinuvedeulsyd
e q i siaueznsuaTadanas dwaliddudunas ﬁmﬁfﬂaﬂﬁﬂﬁqm

dvsnavasAuANdaa1s ATl

sULUUNMIABUALDIYEY TFC uay DPPH fa1gaanlunau NaCl 10 fadluand ufranauflonudutuiiniy
#0AARBINULUIARN Hormesis Wazn15MaUaUDIU0Y Phenylpropanoid pathway Aennuasealuseiusiluaniizdid
ALANTERUR fwnseiun1sduns1ei flavonoids Hiun1snszsuiauleyl PAL (Phenylalanine Ammornia- Lyase) Fadu
Laulezmmmwaﬂeuaa Phenylpropanoid pathvvay (Dong & Lln 2021, Sharma et al., 2019) mimmu Vmthiduans
Fueyyadasy (antioxidants) ida ROS MAR9INAMLAL 1137 TPC waanay NaCl 0 uaz 10 Jadluas luunns1edu us
TFC veangu NaCl 10 fiadluans gandndaau uansdn NaCl 10 fadluans nseiunisduasieivaliuesaidundn lag
Lilsdiufiuedannuiin Fsaenndaiuna HPLC fiwudn Caffeic acid tiiaigegail NaCl 10 fiadluan$ vasgdt Chlorogenic
acid nduanas nafitnaulastrannfiensit p-Coumaric acid vintuegaiifed1iayia 8.8 1w Tungudilé$u NaCl 50
fiadluais lne p-Coumaric acid LI u intermediate d1Agylutdun1e Phenylpropanoid pathway ﬁIL‘ﬁlamm'aiﬂq'ﬂﬂi
FuAse¥ Lignin da18unedvsenaudifgves Cell Wall Reinforcement nalnilanaidunisnevaussvesiindioiady
Auudause vesuvaduazanmsduriues Na* iguwadluaninedifiennufiugs 1157 Quercetin laiuananuunnsing
531319 ngumaasseaiilesanfindusserduseu (microgreen) Faagluszoynsimunizusiu nsavay Quercetin 913
\Antu lussegifimaigdulndufiunnn Saduvssiuiimsfnusely dwdusugeulunga NaCl 50 fadTuans fiden
TPC uag TFC anasegeiiivddny onvasviouisanudemeveagadlussauiunsavibinalnn1sdansier secondary
metabolites gnEuds lurned p-Coumaric acid Ssaafind uuansinfiwgensmersmnszdu cell wall reinforcement
willuaneldsu stress uusa

d3UNaN1337

NaCl 10 fiadluand duafumaivlnvessugoudndya lnsdeusndfuaie 9.62 + 1.46 lwufiung way
wiinan 14.67 = 0.62 n3u @ NaCl 50 fadluans sudsmadulndefisutugnnuay Tasdauendifuedsdios
2.89 + 0.79 Lwufung Az wiingn 6.88 + 0.17 niy Afaelunnngs a"mifmﬁﬂLLﬁnhjLmﬂsmﬁ’uizwjfmqﬂﬂzjwmaaq

lulasn3usiniyaynaiuau TUsia TPC gegndslaisaty ndu NaCl 10 fadluand wae TFC lunquilgaiian (9.00
+ 0.52mg QE/g DW ) danAaedfiuAuaunsatunsiueyyadase DPPH ﬁﬁmmﬁé’ug’qqnqmﬁ 63.33 + 2.44 [WasiFug

USna Chlorogenic acid anasiiionuidiudures NaCl ity Ui Caffeic acid gegalunguiild$u NaCl 10
findluan$ Uua p-Coumaric acid il NaCl getu nguillésu NaCl 50 fiadluans Fsfiusanas p-Coumaric genth
ngudu dau Ferulic acid fiuFunmasd 7ingu 0 way 20 dadluars wdranadunguiledsu NaCl 50 dadluas luvasi
Quercetin aTaanuluvinudpsuaslilanInULANANAUTENINNEUN TNAaEY
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YosasYuAlNANTY naenduTanlgn uazuasldnasanisinzietlugnisudalulasnsundaudmndasunnsasisly

AnRNssUUsENA
mamaugmﬂmﬁw&nmam% mﬁwmé’aL%Elﬂmiﬁ:uauwuaﬂfuayﬂumsﬁwmi%’aﬁ

LaN&a1581999

N3N YYWI539%, 4ae ayna inwlsas. (2560). nsUsediunandnuazanseangrismedanmludnlulasniu 13 wia.
MIFITUNUNEAT, 45UURLAY 1), 368-373.

w3ty mselans, adan Winsng, anuune qrstee, waz auney nedumns. (2563). NavesgMuMTiuazITaTIAAUSIW

v
P

AoAMAN USH e siUeuadaTe LLazmmmmmhmiﬁué'igaaquﬂa@aaﬂuluimm?uﬁﬂwm (Raphanus
sativus var. caudatus Alef). 215a756AMNYAS, 48(1), 201-210.

BT YALM, Wag LURYILNA YN, (2562). Nasuaﬁ%mﬂﬁaml,azmmL‘ﬁu%u‘uaﬂsuLﬁamaaliﬁsiamilﬁuimLLazqm'é
Aueyyadaszlususeumuny U, 3759I5UN NS, 4(2), 379-386.

Chularojmontri, L., Nanna, U., Tingpej, P., Hansakul, P., Jansom, C., Wattanapitayakul, S., & Naowaboot, J. (2022).
Raphanus sativus L. var. caudatus extract alleviates impairment of lipid and glucose homeostasis in liver
of high-fat diet-induced obesity and insulin resistance in mice. Preventive Nutrition and Food Science,
27(4), 399-406.

Dong, N. Q., & Lin, H. X. (2021). Contribution of phenylpropanoid metabolism to plant development and plant-
environment interactions. Journal of Integrative Plant Biology, 63(1), 180-209.

Istam, M. Z., Park, B. J., & Lee, Y. T. (2019). Effect of salinity stress on bioactive compounds and antioxidant
activity of wheat microgreen extract under organic cultivation conditions. International Journal of
Biological Macromolecules, 140, 631-636.

Leakaya, N., Sato, V. H., & Chewchida, S. (2018). Antioxidant activity, total phenolic, total flavonoid content and
HPTLC analysis of morin in Maclura cochinchinensis heartwood extract. Thai Journal of Pharmaceutical
Sciences, 42(Supplement Issue), 27-31.

Mun'im, A., Negishi, O., & Osawa, T. (2003). Antioxidant compound from Crotalaria sessiliflora. Bioscience
Biotechnology and Biochemistry, 67, 410-414.

Plocek, G., Kathi., S., & Simpson, C. (2023). Effects of eustress induced by low concentrations of salinity on
broccoli (Brassica oleracea) and purslane (Portulaca oleracea) microgreens. Technology in Horticulture,
3(1), 1-7.

Pocasap, P., Weerapreeyakul, N., & Wongpoomchai, R. (2023). Thai rat-tailed radish prevents hepatocarcinogenesis
in rats by blocking mutagenicity, inducing hepatic phase Il enzyme, and decreasing hepatic pro-
inflammatory cytokine gene expression. Cancers, 15, 1906.

Sharma, A., Shahzad, B., Rehman, A., Bhardwaj, R., Landi, M., & Zheng, M. (2019). Response of phenylpropanoid

pathway and the role of polyphenols in plants under abiotic stress. Molecules, 24(13), 2452.

Singleton, V. L., & Rossi, J. A. (1965). Colorimetry of total phenolics with phosphomolybdic-phosphotungstic acid
reagents. American Journal of Enology and Viticulture, 16(3), 144-158.

Taiz, L., Zeiger, E., Moller, I. M., & Murphy, A. (2015). Plant physiology and development (6th ed.). Massachusetts:
Sinauer Associates.



