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Effects of nitrogen fertilizers on growth and antioxidant activities of
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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
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radical 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



Uy 50 atiufl 13 100-111 (2565)./doi:10.14456/kaj.2022.9.

106

50.00

40.00

30.00

20.00

Weight gain (g)

10.00

0.00

BTl |2 |3

7 14 21
Days

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)

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,amLamﬁmuﬁl‘lﬂmmumqnu

asreinniemzialy T2 uas T3 fuinaualsitusedvianan (Total carotenoids) gend1 T1 egsiitfoddgymeedin
(P < 0.05) (Table 3) \ilpsanualsiiussdazyiausaniuaaslsiladlunisgadundanuainuas ieldlunszuaunis
duarwiuamazilifnduln Tnofiilssululrmalusinugasiliivimauelsiuosdgaiuie (Nouryani et al, 2012)
%1 T2 uar T3 fmaiudelulasiau @saraswoulufounaolsd uazansozansleioulunsm susiiu) adui el
amsefiuTinuualsfiuosidanungsndn T1 (aldiAu]slulasiaw) aonedosiunsfnyives Vega et al. (2020) nut
@18 Ulva rigida 7ildannnisidsdussuunisingidisswuusaunauanadu (ntegrated multi-trophic aquaculture; IMTA)
FadveUan Sparus aurata fUFinaelsfiuessgninamiedldnnafuisinsssued ilesnlussuy IMTA
flansusznevlulnsiauusunannn wiihamsiglu T2 uay T3 axflvSunaualsiivessomeliunnaneiusgafidodiy
yaedin (P > 0.05) usamielu T2 fidesdsdmeslasivasazanouonludenaaolsdlifimuduturouenlindos
5 un -lulssiaw/a. fUiaualsfiuosdiauagenitamiisly T3 fidsshoimealneduasaraslafonlunsvlid

AMUTUTUVBI UL 5 UN.-LUTRSLAU/A. FIdBARADINUNISANEYIYY Sanchez-Saavedra et al. (2018) WU31 @111
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Porphyridium cruentum fidgsssamsiifunenludounaslsriualsfiuoes (uslvowualsiiu) ganhaminefifoie
gwnsidnlafelunm

USinmansUsgneufiuedniimun (Total phenolic contents; TPC) vosamislukiaryanImaaedliuanmiu
ogeiifudndgmeadd (P > 0.05) Tnsiianoglugae 0.09 - 0.10 fadnsuauyavensaunadndoniuansada (hviinan)
(Table 3) e TPC ildannsanwadeiazsninmsseauues Yildiz et al. (2011) iwuin @wsne Ulva rigida Siein TPC
gefie 0.73 = 0.13 fiadnfuanyavesnsaunadndeniuarsartn (viinan) wesanundsiisnvesamiresnsiu saidld
Bmsatawaziviazatefiwanaaiu egdlsfinu n1sAnwives Vega et al. (2020) wuih amsie Ulva rigida filéannns
Auieannsssueasian TPC qnﬂdﬂmwﬁwmﬂﬂm?iysmsluszw IMTA SadiasUan Sparus aurata tneniieannsdesan
Tuseuu IMTA fiUsanuansusznevlulasioulusUvesuenludon-lulasiaugeninhsssuwd denndoatunisdnuues
gl3133n WAz (2562) Uil @mse Caulerpa lentillifera Mdssdasimziaiie TPC gandamineflidosoimeia
Adnlndenlunsmanududu 0.5 - 1.0 un/a. Feannsarauarsuszneviiuednazdanuduiusuuunnduiuuiunm
lulnsivluitadavesanie neluanziivialulnsiauasivsiuasussneufiuoangstu (lvessalo and Tuomi, 1989)
wenani) nslansussneulilnsiusinafudssemevieivoradaasiotiinaansUssnauilueanly Tne Certain et al. (2021)
I@AnwINSIaafianuiudy 3 vin fe Salsola australis, Suaeda maritima wag Enchylaena tomentosa A188nI1&EU
voslunsn-lulasiaunouenlauiiou-lulnsiau (NO,-N:NH,-N) anafy wuian Salsola australis way Suaeda maritima
AFB9EaY NOS-N: NH,*N #isvsfu 100:0 waz 0:100 e TPC Talsinaiu wst Enchylaena tomentosa Taedae NOs-N:NH, N
fisgdu 0:100 fien TPC qnﬂdwﬁiséﬁ’w 100:0 egsfltdAgyn19add (P < 0.05) Lazn13AN®B1999 Munene et al. (2017) wuan
nslalulasaulugvvenesludenluudasugndnlun (Amaranthus spp.) a1eiiug Abukusa 6 (AB6) vilviinlausden TPC
gendnsldlulasiaulugureslunsmegiadidoddgyneada (P < 0.05) winisldldlulasiauuagnislalulasiaulugyves

s

wonluienluuvasugninlanviliinloudan TPC ldunnsineadiu dsludSunaaisuseneviluedinasiueg duvdanug
wazdadensaninwandey laun gania $9ded a1senms eamgll wazanuhy TavwinveswiinazaisuazIsnisarn
A0g198nMe (Funun uazewse, 2558; glei3Ted uavAne, 2562; Trigui et al., 2013; Mezghani et al,, 2016; Vega et al,, 2020)

v a

Tnvansuszneuitusdnagyihminitiosfusunseanidyireiadavesamine uassihmihilairsensiuoyyadass

daquééfma%a@aiz DPPH (DPPH radical scavenging activity) wuin amsnelu T2 fdsededmeialneiu
ansavarsuenluileueaslsdlifiarududuvewenludesin 5 un.-lulnsaw/a. Sesidudnisdndveuyadasy DPPH
gefian (85.45 + 1.12%) wazunnsnsegadifodfmneadia (P < 0.05) fuamselu T1 way T3 (Table 3) InsnsAnwives
Vega et al. (2020) wu31 @wsne Ulva rigida 7ildainnsiaeslusyuu IMTA Sadesan Sparus aurata ﬁqwéé’hua%aﬁais
DPPH #inndnamsnefilaainnisiiuii e1a1nsssuand uiamsne Caulerpa racemosa 7ila1nn1sia ealuszuy IMTA
Wi fgvddueyyadasy DPPH gandiamseildannsfuiernnsssued ddluszuu IMTA fudinauesludes-
llpsaugandniessumi dunsfiamiglu T1 Adestodmsedionisueyyadass DPPH geiainglu T3 fideadae
imzalnsivasaranelndenlussvliinnududurediunm 5 un lulnsowa. easdeanmsldamumduiues
ussy-lulasaulidvmangan Ssinnisinuvesglsass uazane (2562) wuih @i Caulerpa lentillifera MAsiae

a

umgiaiidulafeulumsnanadudu 0.5 un/a. Tgnsdusyyadasy DPPH genindamsefiesnisdmeia uiamsien

o

£% a

Wesiumeanduladenlunsnanududu 1.0 un/a. Tgmidiueyyadase DPPH a1ndnamseniaeamieumeia

wenanil Mmsldansusenevlulasiusisiubesamsevsefivenadmanagradueyyadasy DPPH 16 laen1sfnwives
Munene et al. (2017) wui msldhulasauluguvemenluflonluidasngninlon aneug AB6 vilviknludovisiueyyadase

DPPH ganimsluldlulasiuuasnislalulasiauluzureslumsym auddu egrelsfinu gnidiueuyadase DPPH ves

v
a '

' Y} av v = & & | ) . . Aa v W a
awmamﬂmﬁmzLamimmﬂmiﬂﬂmmﬂuumqqmwmmw Ulva intestinalis mJmmmmmiummm%awaaﬁaz DPPH



U s 50 atiufl 1: 100-111 (2565)./doi:10.14456/kaj.2022.9. 108

WiB 24.25 + 2.45% (Wuging uagamy, 2556) Aaugnidueyyadasy DPPH azdusgrvvianug wazdadenis
anmanaen liun gania 5583 asemns gungll wazanuAy HuilevesiiinazateuazIsnisaiaiiegsdnaie

(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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