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Effects of nitrogen fertilizers on growth and antioxidant activities of
sea lettuce (Ulva rigida)
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ABSTRACT: This study investigated the effects of different nitrogen fertilizers on the growth and antioxidant activities
of sea lettuce (Ulva rigida) that were cultured in the laboratory. The study was divided into 2 experiments.
Experiment 1: the study on the growth of U. rigida, there were 3 treatments with 4 replications which consisted of
seawater (T1), added ammonium chloride to a total ammonia concentration of 5 mg-N/L (T2) and added sodium
nitrate to a nitrate concentration of 5 mg-N/L (T3). The algae were weighed, and the water exchange rate was 100%
every 7 days in 21-day trial period. According to the results, U. rigida of T2 and T3 treatments had no different
growth and were significantly higher than T1 treatment (P < 0.05). Experiment 2: the study on the antioxidant activity
of U. rigida, the algae from experiment 1 were used to determine the total carotenoids, total phenolic contents and
antioxidant activity by DPPH radical scavenging activity. The result displayed that U. rigida of T2 and T3 treatments
showed no different total carotenoids and were higher than T1 treatment (P < 0.05). The total phenolic contents in
all treatments had no difference (P > 0.05). However, U. rigida of T2 treatment showed the highest DPPH radical
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scavenging activity (85.45 + 1.12%) and was statistically significant (P < 0.05) compared to the other treatments. In
conclusion, we should promote the cultivation of U. rigida with nitrogen fertilizer (ammonium chloride) in water
because the algae gave high yield, high carotenoids and the highest DPPH radical scavenging activity. U. rigida can
be used for food, pharmaceutical and cosmetic industries.

Keywords: Ulva rigida, Ammonium chloride; Sodium nitrate; Growth; Antioxidant activities
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Table 1 Weight of Ulva rigida at different treatments

Time Weight of U. rigida (g) P-value
(day) T1 T2 T3
0 20.03 + 0.02° 20.03 + 0.02° 20.03 + 0.02° 0.935
7 32.62 + 1.87° 39.10 + 0.99° 37.81 + 3.57° 0.010
14 32.55 + 2.70° 47.90 + 2.27° 47.91 + 7.49° 0.002
21 3231 + 2.74° 56.95 + 3.99" 56.77 + 7.14° 0.000

Values (mean + standard deviation, n = 4) with different superscripts in each row are significantly different (P < 0.05)
T1: seawater, T2: seawater supplemented with ammonium chloride to a total ammonia concentration of 5 mg-N/L and T3: seawater

supplemented with sodium nitrate to a nitrate concentration of 5 mg-N/L
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Figure 1 Growth of Ulva rigida at different treatments and each bar represents a mean + standard deviation

(n = 4); letters above the bars reflect significance of differences (P < 0.05)
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T1: seawater, T2: seawater supplemented with ammonium chloride to a total ammonia concentration of 5 mg-N/L and

T3: seawater supplemented with sodium nitrate to a nitrate concentration of 5 mg-N/L

Table 2 Specific Growth Rate of Ulva rigida at different treatments

Time Specific Growth Rate of U. rigida (%/day) P-value
(day) T1 T2 T3
7 6.95 + 0.82° 9.55 + 0.36° 9.02 + 1.42° 0.010
14 3.45 + 0.60° 6.22 + 0.35° 6.16 + 1.22° 0.001
21 2.26 + 0.40° 4.97 +0.33° 4.93 + 0.64° 0.000

Values (mean + standard deviation, n = 4) with different superscripts in each row are significantly different (P < 0.05)

T1: seawater, T2: seawater supplemented with ammonium chloride to a total ammonia concentration of 5 mg-N/L and T3: seawater

supplemented with sodium nitrate to a nitrate concentration of 5 mg-N/L

= < a ' o o & + VW
N1INAAIMN 2 qwﬁﬁﬂuaqyjaaaiwaammwwnmﬂm'l,amLamﬁwuﬁl‘lﬂmmumanu

awednnangialy T2 war T3 dusinaualsiiuesdviaun (Total carotenoids) gandn T1 eghadituddgnisaiia

(P < 0.05) (Table 3) iflpsa1nuAlsfivesAaginuIwiuaaelsiladlunsgadundsnuainuas teldlunszuiunis

fuanziuawarilinudule lnefisnlasululssauludSinugaeyihisivsinaualsiiuesdgeuiig (Nouryani et al, 2012)

F9 T2 war T3 dmsdndelulasiau (@sazarsuenluilvunaslse wavansararslafenlunm auaiau) adudndavilid

amiefivsinnualsiuesaniamungendn T1 (Wlddudelulnsiau) aenrdesiun1sfinyived Vega et al. (2020) wuin

awIe Ulva rigida Mleannnsiasdlussuunsinglassluukaunanumansty (Integrated multi-trophic aquaculture; IMTA)

Fudeavan Yparus aurata TUTLAlsTIUBEAEINI @M 187 I annIsA U 8290855097 1 sanluszuy IMTA

farsusgnaululasiauliuiaun udinausiglu T2 wag T3 azdivsunaualsiiussavianualuiuanasiusgeddedfgy

N9@n@ (P > 0.05) waamselu T2 Mbssiisdmealaeiuaisazatsnenludounaslsabidanududuveaweuluilesiu

5 un.-lulesiaw/a. dusunauelsiuesanmuagnitamsigly T3 Mdeswisimealasduasazaisladonlunsvlig
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aududuvetlunsm 5 un.-lulnsiaw/a. Fsaenndadtun1s@nyives Sanchez-Saavedra et al. (2018) Wu31 @1wsne
Porphyridium cruentum Mdssheensfiiuuenliounaslsdfuelsfiuosd (uguvemalsfiu) ganamiefidesds
gwnsiiidlededlunsm

USinmarsUsgneufiuedniiamun (Total phenolic contents; TPC) vosamiluksaryanImaaedliuanmiu
ogeiifudnfymeadd (P > 0.05) Tnudanogludas 0.09 - 0.10 fadnFuauyaveansaunadnsonsuansada (minan)
(Table 3) 33An TPC fildannnsAnundsiiazsdrninnissenuues Yildiz et al (2011) fiwuin @wsne Uiva rigida ien TPC
4999 0.73 + 0.13 dadnSuauyavesnsawnadndensuaisana (hninan) L esarnundsiisnvesamsnesietu savild
FBnsatauazivharanefiwnnanaiy eg1dlsfiniu nsAnwves Vega et al. (2020) wuin @awse Ulva rigida fikdannnns
\AuLAgiainsssuwAsian TPC g;mﬂ’inmm'wmﬂmn??m’[.uizw IMTA Saiesan Sparus aurata neiissnmsidssuan
Tuseuu IMTA fiUsanuansusznevlulasioulusUvesuenludon-lulasiaugeninhsssuwd denndoatunisdnuues
9l37390 ungAMY (2562) Wi @Wse Caulerpa lentillifera Thassiastinmsaiinn TPC gendnaminefidssdaeimag
Ffuledenlumsmanududu 0.5 - 1.0 un/a. fansaranaisuszneviiuednazdanuduiusuuunnduiuuSua
lulnsiauluiiadavesavmsiy Iﬂsﬂ,uam’ssﬁmmvl,uimmu%ﬁﬂ%mz:umiﬂixﬂau%uaaﬂqaﬁﬁu (Ilvessalo and Tuomi, 1989)
wenani) nslansussneulilnsiusafudssemevieivoradaasiotiinaansUssnauiluednls Tne Certain et al. (2021)
g AN assiamuAudy 3 ¥ila fe Salsola australis, Suaeda maritima wag Enchylaena tomentosa AuenIIEIUTB
lutnsun-lulasiaunowonlanfou-lulnsiau (NO, -N:NH,*-N) @19iu Wuin Salsola australis Way Suaeda maritima
AABdE NOS-N: NH, N fisvsiu 100:0 wae 0:100 dAn TPC lalsinaify ust Enchyiaena tomentosa Thasasie NO;-N:NH,'N
fisgdu 0:100 fien TPC qnﬂdwﬁiséﬁ’w 100:0 egsfltdAgyyn19add (P < 0.05) Lazn13AN®1999 Munene et al. (2017) wuan
nstalulasuluguveswenlundoylundasdgninlay (Amaranthus spp.) @ewiug Abukusa 6 (AB6) vinlvinluuilen TPC
geandnsldlulasiuluguredlunsmegiadideddymeada (P < 0.05) winsldldlulasiauuaznisldlulasiaulugyves

s

wonluienluuvasugninlanvilidnloudan TPC ldunnsineadiu dsludSunaaisuseneviluedinasiuey duvdanug
wazdadensaninwandey laun gania 55de3 a1se1ms eamgll uavauAy saunsiavesdiinazaneuaziSnsann
A0g198nMe (Funun uazeus, 2558; glei33d uavAne, 2562; Trigui et al., 2013; Mezghani et al,, 2016; Vega et al,, 2020)

v a

Tnvansuszneuitusdnagyihminitiosfusunseanidyireiadavesamine uassihmihilairsensiuoyyadase

daquééfma%a@aiz DPPH (DPPH radical scavenging activity) wuin amsneluy T2 fdsedeimeialneiy
ansavarsueuluileueaslsdlifiarududuvewenludesin 5 un.-lulnsaw/a. Sesidudnisdndveuyadasy DPPH
gefian (85.45 + 1.12%) wazusnsnsegaiifivdfameada (P < 0.05) fuamselu T1 way T3 (Table 3) IngnsAnwives
Vega et al. (2020) Wu3n @wsne Ulva rigida 7l annnsideslussuy IMTA §adsaan Sparus aurata ﬁqwé@hua%aﬁaiz
DPPH #i1n3ndmsnefilaannnisifiuti 829nsssueni wiamsne Caulerpa racemosa ildannisiaesluszuy IMTA
Wi fgvddueyyadasy DPPH gandiamseildannsfuiernnsssuwd ddluszuu IMTA fufinauesludes-
llpsaugandniessumi dunsfiamielu T1 Adestodmsedionisueyyadass DPPH geiainglu T3 fideadae
imzalnsivasaranelndenlussvlfinnududuredunm 5 un lulnsowa. easdeanmsldamuduiues
luasn-ulpsiaulsimanzan Ss91nn1sfinwesglsissa wasane (2562) Wuih amie Caulerpa lentillifera Tavsie

a

umgiafiinlefeulumsmanududu 0.5 un/a. dgnsaiueyyadase DPPH geninamseiiesnisdmeia unamsien

o

£%

Wesigumanifulefonlunsanududy 1.0 un/a. Sgnidueyyadase DPPH a1ndnamseniaeaiiedmeia
wenanil Mmsldansusenevlulasiausisiubesamsevsefivenadmanagradueyyadasy DPPH 16 laen1sfnwives
Munene et al. (2017) wui msldhulasauluguvesenluflonluiasngninlon aneug AB6 vilviknludavisinueyyadase

DPPH ganimsluldlulasiuuasnislalulasiauluzurelumsy auddu egrelsiinu gnidiueuyadase DPPH veq
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awednmangianlaannsfneasliiidngandtamsng Uva intestinalis iilanuanunsalunisanduenuyadass DPPH
WiEe 24.25 + 2.45% (Rusying uazany, 2556) Aaugnsaueyyadass DPPH azdusgdusiianiug wazladenis
anmangen liun gania 5987 a1se1ms gaungll wazanuan Muiwilavewiiiaraieuarisnisadnsegedneie

(FUNUN LaYBUIA, 2558; qui’Jiim kazAY, 2562; Trigui et al.,, 2013; Mezghani et al., 2016; Vega et al., 2020)

Table 3 Antioxidant activities of Ulva rigida at different treatments

Antioxidant activities Treatments P-value
T1 T2 T3
Total carotenoids 0.08 + 0.02° 0.23 + 0.03° 0.19 + 0.04° 0.000

(mg/g fresh weight)
Total phenolic contents 0.09 £ 0.01° 0.10 £ 0.02° 0.10 + 0.02° 0.778
(mg GAE/g fresh extract)
DPPH radical scavenging 80.99 + 0.08° 85.45 + 1.12° 77.37 £ 1.34° 0.000
activity (%)

Values (mean + standard deviation, n = 4) with different superscripts in each row are significantly different (P < 0.05)
T1: seawater, T2: seawater supplemented with ammonium chloride to a total ammonia concentration of 5 mg-N/L and T3: seawater

supplemented with sodium nitrate to a nitrate concentration of 5 mg-N/L
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Tudliianududureweludesumieluameinit 5 un-lulasieu/a. saziinanudlunindudelulasauuny
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ylfAnedumauinatadavosanite weenadudslulasauluiinugsasilfisunasinouriadulugvaaos
definmaaesfusrerinaiuu uenaini msinisiinneiaunimirnounisdssamine Weswnundailuudaziui

'
P [
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1% a
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G
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uazUTunualsfiugsditamunlaiunndstu uasdaganamefidestmea dmwuTuuassznoufluedniimun
vosamIennganITnaesdialiuandnaty wiamireidssdsuenludoneaolsddonidueuyadasy DPPH geniy
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