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LOI CAM DOAN

Toi Xin cam doan dé tai nghién ciru trong ludn van nay la céng trinh
nghién cuu cua toi dua trén nhitng tai liéu, s6 lidu do chinh t6i tw tim hiéu
va nghién civu. Chinh vi vdy, cdc két qud nghién civu dam bdo trung thuwc va
khéch quan nhat. Pong thoi, két qud ndy chuwa tirng xudt hién trong bat cir
mét nghién ciru nao. Cdc so liéu, két qua néu trong ludn van la trung thuc
néu sai téi hoan chiu trach nhiém trude phap luat.

Tac gia luan van

PO KIM NGAN



LOI CAM ON

L&i dau tién, xin chan thanh cam on thiy Tién si Nguyén Hoang Diing,
théy Tién si Than Quéc An Ha va thﬁy Pho Gi4o su — Tién si Pham Hitu Thién da
tan tdm chi din, giang day cho t6i vé chuyén mon, déng thoi dong vién, khich 18
vé tao moi diéu kién thuan loi nhit cho t6i trong sudt thoi gian thuc hién luan van.

Téi xin tran trong cam on Ban 1anh dao Vién Cong nghé tién tién (tién than
Vién khoa hoc Vat liéu ing dung) — Vién han 1am Khoa hoc va Cong nghé Viét
Nam da gitp do, tao moi diéu kién vé co s& vat chat dé toi thuc hién luan van tot
nghiép.

T61 xin cdm on ban Lanh dao, phong Pao tao, cac phong chirc nang va Quy
Thﬁy, Co6 Hoc vién Khoa hoc va Cong nghé - Vién han lam Khoa hoc va Cong
ngh¢ Viét Nam ludn tan tuy truyén thu kién thtc va danh sy quan tam hd trg toi
trong sudt thoi gian hoc tap va nghién ciru.

Xin giri 101 cam on t&i cac dong nghiép trong phong Cong nghé plasma va
Vit ly tinh toan da nhiét tinh giap do t61 trong qua trinh hoan thanh luan van.

Cubi cung, t6i xin giri 10i tri an sdu sic dén cha me, gia dinh va nhiing
nguoi ban than yéu, nhiing nguoi ludn sat canh, ing hd va dong vién to1 trong
subt qué trinh hoc tap va hoan thién luan van nay.

Xin chan thanh cam on!
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acids chira nhidu ndi doi trong
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TPC Total phenolic content | Tong ham lugng phenolic
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MO DAU
Pit van dé

Nudi trong thuy san 1a mét linh vuc quan trong trong phét trién kinh té va dam
bao an ninh luvong thyuc trong bdi canh dan sé ngay cang ting. Trong dé, tao 16n chiém
hon 50% san lugng nudi tréng ven bién toan cau, dugc tng dung trong nhiéu muc
dich khac nhau tir san xuat vat liéu, nhién liéu, xir Iy moi truong dén thuc pham va
duoc liéu [1-3]. Trong nhitng ndm gan day, rong nho, thuéc nhém tao xanh an dwgc
d3 thu hit sy quan tAm dang ké trong nganh thyc pham nho gid tri dinh dudng cao va
két cdu dic biét, cling nhu tiém nang cai thién suc khoe do chira nhiéu hop chét co
hoat tinh sinh hoc. Chinh nhiing wu thé nay da gop phan nang cao gia tri kinh té, ciing
nhu su wa chudng loai rong ndy trén thi treong toan cau [4,5].

Trude ddy, viéc thu hoach rong nho tu nhién dugc xem 13 ngudn cung cap
chinh nho kha nang tai tao nhanh ciing nhu thich nghi cao véi diéu kién séng. Tuy
nhién, san luong va chat luong rong tu nhién bi anh huong bai cac yéu té nhu thoi
tiét, nhiét 46, 6 man va mua vy, trong khi khai thac qua muc da gay suy giam sé
lwong va 1am t6n hai da dang sinh hoc ven bién [6]. Bong thoi, kha nang hap thy kim
loai nang va chat 6 nhidém tir méi trudng ty nhién cta rong nho ciing ¢6 thé gay rai ro
sirc khoe [7]. Bé dap ung nhu cau ngay cang ting ciing nhu kiém soat diéu kién nuoi
trong t6t hon, mo hinh nudi trdng nhan tao di duoc ap dung rong rii, dam bao san
lwong 6n dinh va an toan cho chudi cung ung [8]. Cac phuong phap canh tac hién dai
bao gém viéc st dung phan bén, diéu chinh nhiét do, d6 man, cuong do chiéu sang,
ty 1& anh sang do/xanh, chat diéu hoa sinh truéng gilp téi vu héa dinh dudng, hd tro
trao d6i chat va ting cudng hop chat chdng oxy héa non-enzym trong rong hay cai
thién ngoai quan gilp nang cao gia tri san pham [9-14].

Trong xu hudng tim kiém cac giai phap cong nghé bén ving, cong nghé
plasma lanh dugc xem 1a mot hudng tiép cdn méi nhd cac vu diém vuot trdi bao gdm
hiéu qua cao, than thién véi moi trudng va tinh linh hoat trong viéc diéu chinh cac
thanh phan hoat tinh thong qua thay doi thong sé hé thong ban dau [15-19]. Trong
d6, nudc hoat hoa plasma (PAW) di cho thay tiém nang trong nong nghiép nhu cai
thién ty 1¢ nay mam hat giong, thuc dy sy phat trién cua thyc vat va gia ting hop
chét sinh hoc & nhiéu ddi twong khac nhau nhu dau, gia dd, ca chua, rau diép, Vi tao,
laa ...[20-25]. Cac gbc oxygen phan tng (ROS) nhu hydro peroxide (H202) va ozon
(0s) hoat dong nhur cac tin hiéu ndi bao, thuc ddy mé rong té bao va diéu chinh qua
trinh trao doi chat. Trong khi dé, cac gdc nitrogen (RNS), bao gém nitrite (NO2"),

nitrate (NO3"), bén canh tham gia diéu hoa sinh 1y té bao con déng vai tro 1a nguon
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nitrogen vo co hitu co, gop phan tdi vu héa qua trinh sinh treéng va phat trién & cay
[26-28].

Tuy nhién, nghién ctu stir dung PASW trong kich thich ting truong va tich 1y
hop chat sinh hoc trén rong nho, véi tinh chat khac biét so vai cac ddi tugng thuc vat
trén, van chua duoc bdo cdo. Tir nhimg co so trén, nghién ciru “Khao sat anh huéng
cua plasma lanh dén ting truéng va ham luong cia mot sé hop chét hitu co trong
rong nho (Caulerpa lentillifera) & diéu kién in vitro.” dwoc thuc hién nham sang to
co ché tac dong caia cdng nghé nay dén rong nho nham cung cap co s khoa hoc tng
dung plasma lanh trong nudi trong rong nho véi ham luong céc chat co hoat tinh sinh
hoc duoc cai thién, gop phan phét trién nganh nudi trong thay san.

Muc tiéu nghién ciru

Pénh gia duoc tic dong plasma lanh dén qua trinh tang truong va tich liy caa

mot s6 hop chit hitu co ¢6 hoat tinh sinh hoc trong rong nho ¢ diéu kién in vitro.
Noi dung nghién ciru

Noi dung 1: Xay dung hé théng ché tao nudc bién hoat hoa plasma (PASW)
va phan tich dic tinh 1y héa PASW.

Noi dung 2: Khao sat anh hudong cia PASW dén su ting trudng clia rong nho
trong diéu kién in vitro.

Noi dung 3: Panh gia tac dong cia PASW dén ham luong mot sé hop chit
hitu co trong rong nho.

Nhirng dong gop cia ludn van

Nghién ctru dong gop vao viéc ma rong kién thic khoa hoc vé tac dong cua
PAW ddi véi thuc vat thuy sinh, dac biét 1a rong nho.

Viéc sir dung PASW ¢6 thé gitip ting ning suit, cai thién chat lwong dinh
dudng va giam thiéu str dung hoa chit doc hai trong nudi trong rong nho, gop phan
phat trién nganh nudi tréng thiy san bén viing.

Cung cap co sd khoa hoc cho viéc ang dung PASW trong nudi trong rong nho
quy mo lon.

Lam nén tang cho cic nghién ciru tiép theo vé téi wu héa tmg dung PASW

trong nong nghi¢p va thuy san.
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Chuong 1. TONG QUAN NGHIEN CUU
1.1. TONG QUAN VE RONG NHO (C. lentillifera)

1.1.1. Hé thong phan loai va dic diém hinh thai

Rong nho (C. lentillifera), thuoc chi Caulerpa va nganh Chlorophyta, 1a mot
loai tao xanh don bao da nhan, séng trong méi trudng nude bién [29]. Lodi ndy phat
trién tu nhién tai cac khu vuc nhiét d6i va can nhiét d6i nhu Bién Pong, khu vuc
DPong Nam A, Nhat Ban (Okinawa), Dai Loan va Chau Dai Duong. Trén thé gi6i,
loai tao nay duoc biét dén véi nhiéu tén goi khac nhau vi du nhu "nama" & Fiji,
"bulung boni" & Indonesia, va "rong nho" tai Viét Nam. Tai Viét Nam, rong nho dugc
phat hién va nudi trong tai cic khu vuc ven bién va trén cac dao nhu Ly Son (Quéang
Ngii), Nha Trang (Khanh Hoa), Phtt Quy (Binh Thuan) va Pht Qudc (Kién Giang).
Khong chi 12 mot ngudn thyc pham giau dinh dudng, rong nho con déng gop gia tri
kinh té dang ké. Theo hé thong phan loai NCBI taxonomy, rong nho dugc xép loai
nhu sau:

Nganh: Chlorophyta

Lép: Ulvophyceae

Bo: Bryopsidales

Ho: Caulerpaceae

Chi: Caulerpa

Loai: Caulerpa lentillifera

V& mat hinh thai, Caulerpa lentillifera ¢ cdu trac dic trung ciia mot loai tao
siphonous v&i than bo (stolon) hinh try tron, dudng kinh 1-2 mm, bo lan trén bé mat
day. Tur than bo, cac than dung (frond) moc Ién, cé thé dat chiéu cao 10 cm hodc hon.
DPong thoi, trén than bo con c6 cac ré gia (rhizoid) dang soi phan nhanh, gitp cay bam
chit vao nén day. Pac diém ndi bat caa C. lentillifera Ia sy xut hién ctia vo sb nhanh
nho trén than dung, két thuc bang cac cau trac hinh cau goi 1a ramuli, c6 duong kinh
tir 1,5 — 3 mm. Cac nhanh dtng ciing c6 kha ning phan nhanh, tao nén cau trac phirc
tap va mé rong dién tich quang hop. Mau xanh dam cua rong nho 1a do su hién dién

clia sac to chlorophyll, tham gia vao qua trinh quang hop cta tao [19].



Hinh 1.1. Hinh thai rong nho Caulerpa lentillifera, bao gom: than dtng (B), than bod
(S) varé gia (R) [30].

1.1.2. Céac thanh phin hop chit trong rong nho

Rong nho khéng chi 1a mét loai thuc pham an toan ma con chira dung ngudn
dinh dudng phong phu va da dang. Ham luong carbohydrate dao dong tir 0,36 % dén
72,9 % trong luong kho, két hop voi chat xo chiém tir 17,5 % dén 36,7 % [31,32],
khién rong nho trd thanh lya chon 1y tuéng cho ché do an uéng lanh manh. Pac biét,
chat xo hoa tan (2,45 % - 17,21 %) trong rong nho c¢6 kha ning hap thu nudc tét, hd
trg chirc nang tiéu hoa va tiém niang ngin ngira ung thu dai trang [33,34]. Pong thoi,
chat xo khong hoa tan (15,75 % - 28,98 %) déng vai trd quan trong trong viéc ting
cuong nhu dong rudt va duy tri hé tiéu hoa khoe manh [35].

Ham luong protein trong rong nho dao dong tir 0,43 — 19,38 %, du thay doi
ty thudc vao diéu kién méi truong nhitng van duoc danh gia cao nhd sy hién dién
ctia hau hét cac acid amin thiét yéu. Céc acid amin nhu leucine, valine, aspartic acid
va glutamic acid khong chi tang gia tri dinh dudng ma con gép phan tao nén huong
vi dic trung cua loai rong bién ndy, gitp nod c6 gia tri trong dwong véi nhitng nguén
thuc pham giau protein khac nhu trimg va dau nanh [35].

Du ham Iuong lipid chi & mic thép chiém 0,05 % - 14,0 % trong luong kho,
rong nho lai 1a mot ngudn doi dao axit béo khong bao hoa chira nhicu nbi doi trong
phan tir (Polyunsaturated fatty acids - PUFA) va carotenoid. PUFA, bao gdm axit
linoleic (w-6) va axit a-linolenic (®-3) vugt trdi so vdi cac loai rau trén can, mang lai
loi ich vuot bac trong phong ngira cac bénh tim mach, viém xuong khép va tiéu
duong. Bén canh do, carotenoid véi dic tinh chéng oxy hoa manh mé, két hop cung
PUFA, cang lam tang gia tri dinh dudng cho loai rong ndy. Ngoai ra, rong nho con
cung cip vitamin A, B2, B12 va C, dap (mg dang ké nhu ciu vitamin hang ngay, ning

cao gia tri str dung ctia loai thuc pham nay [36,37].
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1.1.3. Pic diém sinh trwéng va phan bd
Rong nho sinh san bang ca hai hinh thic 1 sinh san hiru tinh va sinh san vo
tinh, nhung chu yéu 12 sinh san vo tinh [38,39].

e Sinh san hiru tinh: Trong diéu kién thoi tiét 4m ap tir mua xuén dén he, loai
nay tién hanh sinh san hiru tinh, qua trinh bat dau bang su chuyén hoa té
bao sinh dudng thanh giao tr duc va cai. Sau khi dugc phong thich vao moi
truong nudc, cac giao tir két hop tao thanh hop tir, hop tir phat trién thanh
cay con bam trén soi, ¢ va nay mam phat trién thanh cay con.

e Sinh san vo tinh: T4t ca cac bo phan dinh dudng cua rong nho déu co thé
phét trién thanh cay rong méi. Trong hinh thic sinh san sinh dudng cua
rong nho, phan than bo s& moc dai ra, phan nhanh va moc ra cac nhanh ding.
Cac nhanh nho hinh cau nay ciing ¢ thé téi sinh lai toan bo thanh mot cay
rong méi. Nho tinh san ¢d va hiéu qua/ ti & thanh cong cao hinh thirc nay
da ap dung rong réi trong nudi trdng véi rong gidng ¢ dang cac doan than
dang.

2n Gametophyte

Q((( . Ramuli
~ SR ' G
S nk.

' J b B ' /
e

Gametes (n)

Zygotes (2n)

Hinh 1. 2. Chu trinh sinh san cua tao luc Caulerpa [40].

Qua trinh nuéi trong rong nho chiu anh huéng cua nhiéu yéu tb ty nhién, trong
d6 nhiét d6 dong vai tro quan trong vi tac dong truc tiép dén hoat dong enzyme té
bao, qua d6 anh hudng dén ting truong va phat trién. Cac nghién ciru trude day chi
ra rang ¢ nhiét do duéi 18 °C, rong nho c6 nguy co bi mém va phan hay, gay giam
nghiém trong ning suat sinh khdi. Nguoc lai, khoang nhiét d6 28 -30 °C tao diéu kién
thuan loi cho su phat trién manh mé cua loi nay, nhan manh tim quan trong cua viéc
duy tri nhiét d6 phu hop trong suét qué trinh nudi trong [41].
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Ngoai nhiét d6, d6 man ciing 1a yéu td quan trong anh hudng dén su phat trién
cua rong nho. Deraxbudsarakom va cong su (2003) khuyén nghi dé min 1y tuéng dé
rong nho sinh trudng binh thuong la tir 2,5 — 3,0 % [42], trong khi Wang (2011) nhan
thiy mirc tang truong tbi uu xay ra & dd man 3,6 %. PO man cao c6 thé ic ché qua
trinh quang hop cua rong bién, gay bat hoat cac trung tdm phan tng trong hé théng
quang hop I1 (PSII) va cac chudi van chuyén dién tu [43].

Vé dinh dudng, néng do nitrate toi vu thudng nim & mac 0,6 mmol/L va ty 18
N:P 1a 8:1 1a diéu kién téi wu dé thiic day su phét trién cua C. lentillifera [42]. Bén
canh d6, cac chat diéu hoa sinh trudng ciing dong vai trd quan trong trong viéc kiém
soat cac qua trinh sinh 1y va sinh hoa, gitp tang truong, biét hda va phat trién & rong
bién [13].

Nghién ctru cta Tao va cong su (2017) da lam sang té vai trdo cua cac
phytohormone nhu gibberellin (GA), 6-benzyl aminopurine (6-BA) va auxin (IAA)
d6i véi tang truong cua rong nho. Két qua cho thiy, nong do 0,8 va 1,4 mg/L 6-BA
thuc day dang ké trong luong va toc do ting truong, trong khi ndng do GA t6i wu 1a
11 mg/L. Pang luu y, GA khong anh huéng nhiéu dén san xuat polysaccharide tho,
trong khi IAA lai lam ting dang ké ham luong polysaccharide noi bao [47].

1.2. TINH HINH NUOI TRONG RONG NHO
1.2.1. Mb hinh nuéi trong rong nho
> M0 hinh nudi trong ngoai bién
Mo hinh nudi trong ngoai bién, di doéng vai trd quan trong trong nganh thuy
san, dugc chia thanh hai loai hinh chinh: nui trong nudc néng ven bd va nudi trong
nuéc su. Nudi trong nudc nong ven bo, dién ra & ving bién gan dét lién véi do sau
tir 5 dén 50 mét, tan dung loi thé vé ngudn dinh dudng phong phu, van tbc nudc bién
va murc d6 song, gid vira phai, tao diéu kién 1y tudng cho sy phat trién cua thuy san.
Nguoc lai, nudi trong nudc sau, sit dung bé ndi hodc day dai co thé giai quyét van dé
khan hiém tai nguyén dat, nhung lai ddi dién v6i nhiéu khé khan khac nhu dé bi anh
huong boi diéu kién thoi tiét thay doi, nguy co xadm nhap cua loai ngoai lai, va tac
dong dén moi truong. Tom lai, ca hai mo hinh déu cho thay wu diém tir giai quyét van
dé khan hiém dén van dé quan 1y méi trudng, anh huéng boi bién dong méi truong
nhu nhi¢t dg, anh sang va thoi tiét, cung voi nhiing han ché trong viéc t6i uu hoa quy
trinh nudi va thuc day ting trudng thuc vat [45,46].
> M6 hinh nuéi trong trén can
Nubi tréng tao trén can chu yéu dién ra trong cac hé thong khép kin nhu bé
chtra nudc, ao, dam pha va dudng dng, phi hgp véi nhiéu loai tao, trong d6 c6 rong

nho. Uu diém cta phuong phap nay la thiét bi don gian, dé tiép can, cho phép theo
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ddi va diéu chinh cac diéu kién nuéi (dinh dudng, anh sang, pH, CO,, d6 min) dé
nang cao ning suit, dap tng chudi cung tng [47].

1.2.2. Tinh hinh nghién ciru nudi trong rong nho (C. lentillifera)

Dé dap tmg nhu cau thi trudng ngay cang ting ddi véi rong nho (C.lentillifera)
viée t6i ru hoa didu kién nudi trong nham nang cao ning suat va chat luong san phim
13 van dé cép thiét. Cac yéu t6 moi truong nhu 4nh sang, d6 man va dinh dudng dong
vai tro then chét trong qué trinh sinh truong va phat trién cta loai tao nay. Nghién
ctru cua Guo va cdng su (2015) cling nhan manh tam quan trong cuia d§0 man va dinh
dudng ddi v6i su phat trién ctia rong nho. Pé man toi uu 13 3.5 %o, tbe do ting truong
(SGR), ham luong diép luc va hiéu suat quang hop (Fv/Fm) dat mtic cao nhat. Vé dinh
dudng, néng do 0,5 mmol/L NO3-N va 0,1 mmol/L PO4-P dugc ching minh la t6i wu
cho su phat trién ctia rong nho. Tuy nhién, viéc vuot qua ngudng 1,0 mmol/L NO3-N
va 0,4 mmol/L POs-P lai gy trc ché kha ning quang hop cta hé théng quang hop 11
(PSII) [30]. Tuong tu, nghién clru cua Kang va cong su (2020) da lam sang t6 anh
huong cia ty 18 anh sdng xanh va dé dén cac dic tinh sinh hoa ciia rong nho. Két qua
nghién ctru cho thdy anh sang do co tac dong tich cuc dén sy ting trudng vé trong
lugng. Dac biét, ty I¢ anh sang d6 chiém uu thé (83,3 % do va 16,7 % xanh) mang lai
hiéu qua cao nhat, thé hién qua trong luong va ham luong sic t6 quang hop
(Chlorophyll a va b) vuot trdi so voi céc ty 1€ khac. Nguoc lai, viée tdng cuong anh
sang xanh lai gdy ra tac dong tiéu cuc, 1am giam ca trong luong va ham luong sic t6.
Bén canh d6, anh sang xanh lam ciing duoc ghi nhan 13 thuc day su biéu hién ctia gen
phytoene desaturase (PDS), din dén ting cuong hoat dong chéng oxy hoa [14].

Tai Viét Nam, trong nhimg nim gan ddy, nhiéu nghién ciru vé rong nho da
duoc thuc hién va phﬁn 16m cac nghién clru nay tép trung vao viéc danh gia mat do
két hop v6i phuong phap nudi trong, ciing nhu thir nghiém cac loai rong giéng va cac
nén day khac nhau [48,49]. Tuy nhién, cac khia canh lién quan dén ham lugng dinh
dudng hodc tac dong ciia nudc hoat hoa plasma trong viéc nudi trong rong nho van
chura duoc quan tdm va nghién ctru day du.

1.3. TONG QUAN VE CONG NGHE PLASMA

1.3.1. Khai niém va phan loai

Plasma, thuong dugc goi 1a "trang thai tha tu cua vat chat" 12 mot moi truong
c6 mirc do ion hoa cao, bao gdm cac hat dién tich (electron, ion duong, ion 4m) va
cac hat trung hoa (nhu nguyén tir va phan tir). Khi khi dugc cung cap ning luong du
16n, qua trinh ion hoa xay ra, khién céc electron tach khoi nguyén tir va tao thanh mot

moi trudng dan dién manh [45].



Plasma dugc phan loai thanh hai nhém chinh: plasma nhi¢t (thermal plasma)
va plasma lanh (non-thermal plasma) dua trén trang thai cAn bang nhiét dong luc hoc
cua cac thanh phﬁn ciu tao. Trong s6 do, plasma lanh thu hit sy quan tdm dac biét
trong cac ung dung sinh hoc nho kha nang tuwong tac véi vat liéu sinh hoc & nhiét o
gan v6i moi truong, giam thiéu tdi da ton thuong nhiét.

Hi¢n nay, plasma lanh c6 thé dugc tao ra tir nhiéu hé théng khac nhau nhu:
phong dién cam tmg tan sb vo tuyén (RF, radio frequency) [51], phong dién rao can
dién mo1 (DBD, dielectric barrier discharge) [52], phong dién vi song (microwave)
[53], phong dién corona [54]. Trong d6, plasma DBD nhén duoc nhiéu su chi y nho
hiéu qua cao trong cac img dung nhu xur ly vi sinh vat, chit mau, thude bao vé thuc
vat, kich thich ndy mam va ting trudng thuc vat, ciing voi thiét ké va van hanh don
gian, 6n dinh va kha ning mo rong trong quy mé coéng nghiép [55-57].

1.3.2. Sw hinh thanh nwéc hoat héa plasma va mot sé dic tinh Iy hoa

Nudc hoat héa plasma (PAW) 1a san phdm cua qua trinh tuong tac gitra nude
va khi plasma. Cac loai phan tmg chinh dugc sinh ra sau d6 tiép tuc phan tng véi cac
phan tr nude va twong tic voi nhau dé hinh thanh nhiéu loai thu cap, dong vai tro
quan trong trong cic ing dung khac nhau. Cac gdc hoat dong nay cé thé duoc chia
thanh hai nhom [26,58—-61]:

e Cic gbc c6 thoi gian dai: Bao gdm hydro peroxide (H20:), ozon (O3), nitrite
(NO:") va nitrate (NOs"), c¢6 thoi gian ban huy tir vai phit dén vai ngay.

e Cic loai ¢o tudi tho ngan: Gom gdc hydroxyl (OH"), oxit nitric (NO), va
peroxynitrit (ONOO"), v6i thdi gian ban huy tir nano gidy dén vai gidy,
thudng tham gia cic phan tmg nhanh dé tao thanh cac gc 6n dinh.

V& mit ky thuat, qua trinh tao PAW co thé duoc phan loai thanh ba nhém
chinh:

e Phoéng dién tryc tiép trong pha 16ng: Plasma dugc tao ra truc tiép trong moi
truong nudc.

e Phoéng dién trong pha khi & trén chat 1ong: Plasma duoc tao ra trong pha khi
ngay trén bé mat nudc, cac san pham ciia plasma s& khuéch tan vao nudec.

e Phong dién trong cic bong bong khi trong chat 1ong: Plasma dugc tao ra
trong cac bong bong khi nho 1i ti phan bd trong nude, ting dién tich tiép xtc
gitra plasma va nudc.

So vo1 nudc thuong, PAW sé hitu nhitng ddc tinh 1y héa dac biét, bao gém:

> Tinh chat vat Iy:

e pH: Do pH ciia PAW giam dén theo thoi gian xtr 1y plasma, tao ra méi truong

axit nhe (khodng 3-6) do su hinh thanh céc nitric acid va nitrous acid.
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Thé oxy héa khir (ORP): PAW c6 ORP duong cao, cho thiy kha ning oxy
héa manh. Vi du, H>O: 1a mét trong nhitng loai quan trong gop phan vao
thé oxy hoa-khtr cao nho kha nang hoat dong nhu mot chat oxy hoa hoac
mot chat khir. Tuong tu, cac ROS (Reactive Oxygen Species - cac gbc oxy
phan @ng) nhu gdc hydroxyl (‘OH) va ozone (Os), ciing nhu cac RNS
(Reactive Nitrogen Species - cac gdc nitrogen phan tng) nhu nitrate (NOs"),
nitrite (NO2"), va peroxynitrit (ONOO") ciing dong gdp vao thé oxy hoa-
khtr cao.
Do dan dién: D din dién ctia PAW ting do sy hién dién ctia mot lugng 16n
cac 1on va cac hat mang di¢n tich ty do, hinh thanh tir qua trinh khuéch tan
céc loai phan mg vao nudc trong qua trinh xtr Iy bang plasma. Cac nghién
cuiru da chi ra ré“mg do dan dién cia PAW c6 thé dat muc tr 100 dén 500
mS/cm, cho théy mat dJ cao cua cac hat mang dién trong dung dich. Bo dan
dién 13 mot trong nhimg chi sé quan trong phan anh tong ndng do cua cac
loai phan rng va ion trong PAW.

> Cac gdc oxy phan timg (ROS):
Gbc hydroxyl (OH"): La tién chét ctia hydrogen peroxide (H20:) trong nuéc
hoat héa bang plasma (PAW) va 1a mot chat oxy hoa manh. OH' ¢6 thoi gian
song ngan trong pha khi (~ 200 ps) va pha 1ong (vai nano gidy) do tinh phan
g cao. Trong PAW, "OH thuong hinh thanh tir cic phan tng thir cip nhu
phan huy H20: hoac phan irng gitta ozone (Os) voi H20..
Hydrogen peroxide (Hz0:): La mdt trong nhiing loai c¢6 tudi tho dai phd
bién nhat trong PAW va hinh thanh qua hai co ché chinh: (1) OH trong pha
khi két hop dé tao thanh H>O: va khuéch tan vao pha 1ong; (2) OH khuéch
tan tir pha khi vao pha 1ong roi két hop dé tao thanh H2Os.
Ozone (0s): La chat oxy hoa khang khuan manh, c6 thé oxy héa-khir cao
nhit so v6i cac chit oxy hoa thong thuong nhu permanganate hay chlorine.
Ozone trong PAW hinh thanh tir hai co ché: khuéch tan tir pha khi vao pha
1ong hodc dugce tao ra truc tiép trong pha 1ong thong qua qua trinh phong
dién plasma. Tuy nhién, ndng do ozone trong PAW thuong thip do phan
ung manh véi oxit nitrogen va nitrite.
Superoxide (O27): La mot ROS quan trong, hinh thanh khi nuéc dugce xtr 1y
bang plasma 4p suit khi quyén. N6 c6 thé sinh ra tir phan Gng cua céc
electron nang lugng cao voi phan tir oxy, hodc tir phan ing gitra OH va Os.
Superoxide rat can thiét cho viéc diét khuén, dic biét & cac gia tri pH quan

trong.
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> Cac gbc nitrogen hoat dong (RNS):

e Nitrite (NO2") va nitrate (NOs): La céc loai ¢6 tudi tho dai, sinh ra nhu san
pham thtr cdp trong PAW. Nitrite dé phan huy trong méi truong pH thap
thanh cac chat nhu H:O: hoidc oxit nitrogen. Thém vao d6, NO: ciing c6
thé chuyén d6i thanh NOs~ khi twong tic v6i cac chit oxy héa nhu Hz0:
hodc ozone.

e Nitric oxide (NO): La phén ttr tin hiéu c6 kha nang diét khuan, kich hoat
apoptosis té bao ung thu va hd tro lanh vét thuong. NO trong PAW chu yéu
hinh thanh tir cdc phan tmg thtr cdp do kha ning hoa tan thip ctia nd trong
nudc.

e Peroxynitrite (ONOO~): ONOO™ hinh thanh tir phdn tmg gitta NO va H-0O-

hodc O2~. N6 ¢6 thé gitp vo hiéu hoa vi sinh vat trong méi truong PAW.

Phong dién

Khéng khi (N, va O,)

c
Pha khi
Su truyén khéi
Giao dién khi ‘ » N."7—>  bong bong
- long
Truyén vao pha
long
Pha long

Hinh 1.3. Sy hinh thanh va phan @mg cta cac gdc ty do trong méi trudng
nuoc dudi tdc dong cua plasma [26].

Nho su hién dién cua nhiéu gc oxy phan tng (ROS) va gdc nitrogen phan
tmg (RNS) véi kha ning oxy hoa manh, PAW duoc (mg dung trong nhiéu linh vuc
khac nhau. Trong linh vuc y sinh, PAW dugc st dung rong rai dé khir trung bé mit,
hd tro qua trinh lanh vét thuong va diéu tri cac bénh nhiém khuin nho dic tinh diét
khuin manh m&.[62,63] Déi véi xtr Iy moi truong, PAW gitp loai bo vi khudn va cac
chat 6 nhiém trong nudc thai (khang sinh, thuéc nhudm,...) ma khong can dén cac
héa chat doc hai, mang lai gidi phép an toan va than thién vd1 moi truong [64,65].
Trong ndng nghiép, PAW di duoc chirmg minh c6 kha nang kich thich nay mam, thic

day su phat trién cua cy trong va ting cudng tich lily cac hop chat sinh hoc c6 loi,
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gitip cai thién ning suat va chit lugng ndng san [66,67]. Ngoai ra, PAW con thé hién
tiém ning 16n trong nganh thyc pham khi hd tro kiém soat vi sinh vat trén bé mit trai
cy, thit va cac san pham twoi séng, gop phan kéo dai thoi gian bao quan va duy tri
chét luong san pham [68,69]. Vi nhitng tiém ning to 16n nay, PAW hira hen sé tiép
tuc duoc nghién ciru va tng dung rong rii, dong gdp tich cuc vao su phat trién bén
vitng trong tuong lai.

1.3.3. Co ché kich thich ting truéng tir nwée hoat hoéa plasma trén thuc

vat

Thanh phan hoa hoc dic trung cia PAW bao gdm cac dang oxy phan (mg
(Reactive Oxygen Species - ROS), cac dang nitrogen phan rng (Reactive Nitrogen
Species - RNS) va do pH duoc diéu chinh, déng vai trd quan trong trong nhiéu qué
trinh sinh 1y cta cay [28,70]. Cu thé:

Hydrogen peroxide (H20:): mot trong nhitng ROS 6n dinh va pho bién nhat
trong PAW, dong vai tro thiét yéu trong viéc thuc ddy qué trinh ndy mam cua hat
gidng. H20: pha v& trang thai ngu cia hat bang cach diéu chinh sy can bang
hormone thuc vat, tang cuong gibberellin (GA) va giam axit abscisic (ABA) — kich
thich nay mam. Ngoai ra, H:O: giy oxy héa lam suy yéu 16p vo hat, tao diéu kién
cho phoi d& dang pha v 16p bao vé va bat dau phat trién. Khong chi dimg lai & qua
trinh nay mam, H-0- con kich hoat cac con duong tin hi€éu nhu MAP kinase, tir do
hd tro su phan chia va kéo dai té bao. Béng thoi, H20- diéu hoa biéu hién gene lién
quan dén viéc san xuit enzyme chdng oxy hoa va cac protein bao vé, gitp cay giam
thiéu thiét hai do stress oxy hoa, gop phan quan trong vao qua trinh ting trudng va
phat trién tong the.

Ozon (0s): mot ROS manh, ozone c6 kha nang hoat dong nhu mét phan tu tin
hiéu, kich thich sy phan chia va kéo dai té bao, dic biét & viing ré va chdi.

Nitrite (NO2") va nitrate (NOs): La cac dang 6m dinh ctia RNS, duoc hinh
thanh nhu san pham cudi cling ctia qua trinh chuyén hoa nitric oxide (NO) trong PAW.
Hai hop chat nay khong chi hoat dong nhu cac chat oxy héa manh, ma con dong vai
tro thiét yéu nhu ngudn cung cép nitrogen cho cdy trong. Nitrogen, dugc cung cap
qua NO:~ va NOs, 13 yéu t6 quan trong duy tri cdc chirc nang sinh 1y ctia thyc vat,
bao gdm quang hop, ho hdp va qua trinh sinh tong hop thong qua sy diéu chinh sac
t6 quang hop nhu chlorophyll a va carotenoid, ciing véi viéc thic day hoat dong cua
céc enzyme lién quan, 12 nén tang cho sy phat trién va sinh truéng ctia ciy trong.

pH: D6 pH ciia PAW giam dan theo thoi gian xir 1y plasma, tao ra mdi truong

axit nhe (khoang 3-6) do su hinh thanh céc axit nitric va axit nitrous. Mac du c6 tinh
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axit, PAW van thé hién kha ning lam mém vo hat, ting tinh thAm mang té bao va hd

trg qua trinh hap thu dinh dudng.

Phit trién dng ;Infn
o »

§6 lwgng
nu hoa

Thai gian ra hoa

Sy sinh
trudmg vi
hinh thanh
ré bin

0,: Tiing sinh té b
H,0,: Kéo dai v biét hoa té
bao

‘OH: N¢i long thanh té bao
Auxin: Phit trién ré

ABA: Tinh huimg dia cia ré

Nudre plasma chira R " ¢ At
. RONS Auxin: Kéo dai te bao, phan nhanh choi

BR:Phin chia va kéo dai ¢ bio
o el
JA: Bio vé va phuc héi khi bi tén thwong,
khang cén tring
Hinh 1.4. Anh hudng cua cac loai oxy va nitrogen phan tmg do plasma tao ra trong
cac co quan khac nhau cuia thuc vat ¢ cac giai doan sinh truéng khac nhau. [70]

1.3.4. Ung dung PAW trong kich thich ting truwéng thuwe vat

Vi dic tinh 1y hoa ndi bat, PAW di ching minh vai trd quan trong trong viéc
ci thién cac khia canh khic nhau trong ing dung nong nghiép, bao gém viéc ting
cudng ty 18 ndy mam va su phat trién cua hat gidng, ting kha ning hap thu chat dinh
dudng, cai thién strc dé khang cta cdy trudc sau bénh, va gidam thiéu 6 nhiém vi sinh
vat trén san pham tuoi séng [71-73]. Trong nhitng nim gan day, mot sb nghién ciru
da cho thay hiéu qua ctia PAW nhu mot nhom tin hiéu hay phan bon kich thich qué
trinh sinh truong va phat trién cia cdy, md ra mot hudng tiép can dot pha trong linh
vuc khoa hoc nong nghiép. Vi duy, nghién ctru cia Fan va cong su (2020) viéc su dung
nudc hoat hoa plasma & thoi gian 15 gidy d4 lam tang ty 1é niy mam cua gia dd xanh
1én dén 93,01 + 2,59 %, cao hon dang ké so v&i nhom doi chung st dung nudce cat
(84,41 £ 8,62 %). Ngoai ra, tong ham lugng phenolic va flavonoid ciing ting lan luot
1a 3,53 % va 2,22 % [22].

Nam 2023, Wang va cdng su da tién hanh nghién cuu vé tac dong cua nudc
hoat héa plasma (PAW) dugc tao ra tir plasma ap suat khi quyén Ar—O; trong khoang
thoi gian xtr Iy tir 1 dén 5 phiit 1én hat giéng lia mi va cay con. Két qua nghién ciru
cho thdy PAW c6 kha nang thuc day dang ké ty 1& nay mam, chi s6 nay mam, ciing
nhu trong lugng twoi, trong lugng kho va strc séng ciia cay trong 7 ngay dau sau khi
gieo. Pic biét, PAW kich hoat trong 3 phut (PAW-3) dat hiéu suét t6i wu trong cac chi
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) nay. Bén canh d6, PAW con mang lai sy cai thién 10 rét vé dic tinh dinh dudng cua
cay trong 14 ngay dau. Cac dic tinh bao gom tong chit rin hoa tan, ham luong protein,
sdc to quang hop, tong lugng phenolic, hoat tinh chéng oxy hoa, enzyme, axit amin
tu do va khoang chit déu cho thiy su gia ting rd rét, voi hiéu qua cao nhét dugc ghi
nhan & PAW-3 [74].

Mot nghién ctu khac, cting da chung minh anh hudng ctia nudc hoat hoa
plasma (PAW) 1én hat gidng 6t va ciy con. Thi nghiém cho thy, st dung PAW gitp
tang dang ké tiém nang va tdc do nay mam cua hat 6t 1an luot thém 18,0 % va 28,3 %,
cung véi chi sb st séng ting vuot troi dat 250,0 %. Cay con duge xt 1y voi PAW
cling phat trién tot hon, v6i cac thong s6 nhu chiéu dai ré, sb luong ré, chiéu dai than
va dién tich 14 1an luot ting 138.6 %, 69,2 %, 47,9 % va 28,4 cm? Pong thoi, PAW
tao ra cac thay d6i trong thanh phan ndi sinh va hoat dong enzyme ciia ca hat giong
1an cay con [75].

Ngoai ra, nudc hoat hoa plasma (PAW) ciing cho thay tiém ning trong nudi vi
tao. Két qua chi ra rang, ham luong diép luc cta vi tao dugc nudi bang PAW tuong
duong voi dung dich natri nitrit, khang dinh PAW c6 thé thay thé c6 ngudn gbc tir
dau mo va khoang san. Sinh khdi thu dugc 1an lugt 1a 311 £ 58 mg/l (PAW), 227 +
25 mg/l (nitrate), 434 = 94 mg/1 (nitrite), va 362 £ 138 mg/I (hdn hop) [76].

Tai Viét Nam, Than va cong sy (2022) da nghién ctru tng dung PAW trén cay
xa lach xodn (Lactuca sativa L.). PAW duogc kich hoat trong khoang 10-20 phut, chira
cac loai oxy phan ng va nitrogen & ndng do phu hop, mang lai tic dong tich cuc 1én
su ndy mam va phat trién cdy con. Sau 15 phuat xir 1y, tiém ning nay mam tang lan
luot khoang 117 %, 56 % va 77 % trong 3 ngdy dau, so véi dbi chimg. Tuy nhién, khi
thoi gian xir Iy PAW kéo dai (25-30 phut), ty 1é nidy mam khong thay doi hodc giam.
PAW ciing cai thién céac thong sb sinh trudng nhu chiéu dai than, ré, trong luong va
dién tich 1a, ham luong di¢p luc va strc séng. Ham luong diép luc tang 220 % khi xu
1y trong 15 phut va 165 % & 20 phat. Ngoai ra, PAW con thay ddi hinh thai hat rau
diép, hd trg qua trinh hap thy nude va dudng chat hiéu qua hon [77].
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Chuong 2. POI TUQONG VA PHUONG PHAP NGHIEN CUU
2.1.POI TUQNG NGHIEN CUU

— Déi twong nghién ctru: Rong nho dugc thu thap tir trang trai nudi rong nho &
tinh Khanh Hoa, Viét Nam (toa dg: 12.58338 ° B, 109.22198 ° D).

— Pham vi nghién ctru: Nghién ctru nay tap trung danh gia kha nang kich thich
ting trudng va tich liy mot sb hop chat sinh hoc cia PASW trén rong nho
trong 7 va 14 ngay dau, ciing nhu phan tich cac dic tinh ly héa cua PASW
duoc tao ra bai hé théng plasma DBD tai phong Cong nghé plasma va Vat ly
tinh toan - Vién Cong nghé Tién Tién (tién than 1a Vién Khoa hoc Vat liéu tng

dung thudc Vién Han 1am Khoa hoc va Cong nghé Viét Nam).
2.2.NGUYEN VAT LIEU

2.2.1. Héa chat

Céc hoa chét sir dung dung trong nghién ctru duoc trinh bay & Bang 2.1.
Bang 2.1. Danh sach hoa chat st dung trong nghién ctru

STT Tén héa chat Hing san xuat D¢ tinh
Khiét
1 | Acetone Xilong > 95 %
2 | Aluminum chloride (AICI5) Fisher > 08,5 %
3 B¢ test kit Sera NO> Germany
4 Bo test kit Sera NO3 Germany
5 | Boric acid (H3BO») Merck > 99 %
6 Bovine serum albumin (BSA) Sigma > 99 %
7 | Copper (1) sulfate Merck > 05 %
pentahydrate (CuSO4.5H.0)
Folin-Ciocalteu reagent Himedia > 905 %
Gallic acid (GA) Biobasic > 99 %
10 | Lithium nitrate (LiNO3) Merck > 98 %
11 | Magnesium chloride (MgCly) Fisher > 905 %
12 | Magnesium sulfate (MgSOa) Xilong > 905 %
13 | Methanol Xilong > 905 %
14 | Nuéc cat 2 lan Viét Nam
15 | Potassium chloride (KCI) Sigma > 99 %
16 | Potassium dihydrogen Fisher >98 %
phosphate (KH2PO4)
17 | Potassium iodide (KI) Fisher > 99 %
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18 | Potassium permanganate Fisher > 98 %
(KMnQOa4)
19 | Quercerin (QE) Njduly > 99 %
20 | Sodium bicarbonate (NaHCQ3) Xilong > 95 %
21 | Sodium carbonate (Na2COs) Fisher > 98 %
22 | Sodium chloride (NaCl) Sigma > 99 %
23 | Sodium citrate (CsHsNazO7) Fisher > 95 %
24 | Sodium hydroxide (NaOH) Fisher > 97 %
25 | Sodium nitrite (NaNOy) Fisher > 98 %
26 | Sodium nitrate (NaNQO3) Fisher > 98 %
27 | Sodium silicate (Na2SiO3) Fisher > 95 %
28 | Sodium thiosulfate (Na2S203) Merck > 95 %
29 | Sulfuric acid (H2SOa4) Merck > 95-97 %
2.2.2. Dung cu

Céc dung cu sur dung trong nghién ctru dugc trinh bay & Bang 2.2.

Bang 2.2. Danh sach dung cu str dung trong nghién ctru

STT Tén dung cu Hing san xuat Xut xir
1 Binh dinh mirc 100 mL Duran buc
2 Burette 25 mL Duran Duc
3 | Cdc thuy tinh 250 mL Duran Dirc
4 | B6 chay, cbi sit @100mm Viét Nam Viét Nam
5 Eppendorf 2 mL Biologix My
6 Erlen 250 mL Duran buc
7 | Micropipet 1000uL Vitlab buc
8 | Micropipet 200uL Vitlab buc
9 Ong dong 100mL Duran buc
10 | Ong nghiém thuy tinh @16mm Duran Dric
11 | Pipette 5 mL Duran buc

2.2.3. Thiét bi
C4c thiét bi sir dung trong nghién ctru duoc trinh bay & Bang 2.3.

Béng 2.3. Danh s4ch thiét bi str dung trong nghién ctru

STT Tén thiét bi Hing sin Xuit xi
xuit
May do pH Hanna Y
May do quang phd UV-Vis Shimadzu Nhat Ban




16

3 May ly tdam Spindown Dlab My
4 | Khic xa ké do d6 min Alla Phap
5 | Can phan tich 4 s6 Ohaus My
6 | Tusiy Memmert Puc

2.3.PHUONG PHAP NGHIEN CUU
2.3.1. Quy trinh thyec hi¢n thi nghiém
Céc bude tién hanh thi nghiém danh gia tac dong plasma lanh dén ting truéng
va ham luong ctia mot s6 hop chat hitu co trong rong nho (Caulerpa lentillifera) &
diéu kién in vitro dwoc thé hién ¢ hinh 2.1.

: 2L PASW v&i thoi gian xu Iy banh gia ddc tinh 1y hoa
| Heéthéng plasma | = khéc nhau —> |a) GiduipH
(5, 10, 15, 20, 25, 30 phut) b) H,0,
¢) Oy
| d) NO,
e) NOy
—_— Nudi trong

l l

Anh huéng PASW dén tang
truedng rong nho
a) Thay di trong luong
b) Téc do ting trudng

Panh gia ham luwong
mét s6 hop chat hiru co
a) Ham luong protein
b) Tong ham lrong phenolic

¢) Chlorophyll, carotenoid c¢) Ham luong flavonoid

d) Ty 18 tich liy chat kho

< >

| Két qua |
Hinh 2.1. So db b6 tri thi nghiém.
2.3.2. Noi dung 1: Xay dyng hé thng ché tao nudc bién hoat hoa plasma (PASW)
va phan tich dic tinh 1y héa PASW.
a) X4y dung hé thong ché tao PASW
Hé thong plasma DBD dung trong thi nghiém duoc thiét ké tai phong Cong

nghé plasma va Vit 1y tinh toan - Vién Cong nghé Tién Tién (tién than 1a Vién khoa
hoc Vit liéu tmg dung). Hé thdng ndy gdm mot éng thach anh chira mot dién cyuc 1am
tir dng ddng rong dai 40 cm va dién cuc ngoai 1a mot khdi déng hinh tru dugce nhing
vao nudc, trong truong hop ndy nude dong vai tro 1a dién cuc va gitt nhiét do 6n dinh
trong qua trinh van hanh. Dé tao ra tia plasma, khong khi dugc din vao dng thach anh

v6i luu luong 2 lit/phut, két hop véi mot plasma reactor sir dung ngudn dién cao ap
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220 V, tan s6 5 kHz. San pham tao thanh tir phong dién plasma duoc din vao 5 lit
nudc bién qua hé thong dng dan khi, voi thoi gian xir 1y khac nhau (5, 10, 15, 20, 25,

30 phut) dé tao ra nudc bién hoat hoa plasma (PASW), ky hiéu tuwong tng P5 dén
P30. Cac dic tinh Iy hoa cia PASW sau d6 duoc phan tich dé danh gia sy thay doi.

Hinh 2.2. Hé théng ché tao nuéc bién hoat hoa plasma (PASW) va md hinh
nudi trdng rong nho.

Trong do:

A: So d6 hé thong ché tao PASW gom (1) Khi dau vao, (2) Ong dan khi ra,
(3) Thung chira nudc, (4) Pién cyc trong, (5) Pién cuc ngoai, (6) Ong thach anh.

B: Nuéc bién hoat hoa plasma (PASW)

C: Mo hinh nubi tréng rong nho

D: M6 hinh nuéi trong rong nho anh thye té.

b) Phéan tich dac tinh ly héa ciia PASW

Gia tri pH

Gia tri pH dung dé xac dinh méi truong ciia dung dich 1a tinh acid hay bazo
hay trung tinh do PASW tao ra. Gia tri pH dugc do bang thiét bi cam tay (Hanna).

Noéng dp Ozon:

Nong d6 ozon dugc xac dinh bang phuwong phap chuan do iod (I2) bang natri
thiosulfat (Na2S203) theo Hozak va cdng su (2018) [69].

Nguyén tic: Phan ting gitra I, va Na,S,03 trong dung dich dan dén sy hinh
thanh Nal va Na2Ss0s. Két qua lam giam mau ctia dung dich Iz, va khi toan bg I, phan
g hét, dung dich sé& trd nén khong mau.

I> + 2NaxS203 — 2Nal + Na2S406
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Cach thuc hién: Thém 0,5 mL PASW, 0,5 mL dung dich H2SO4 10%, dung
dich tinh b6t va 0,5 mL dung dich KI tiéu chuin 0,02 M. Tod (I2) tao thanh dugc chuin
do lai & 50°C bﬁng dung dich natri thiosulfat Na»>S203 tiéu chuan 0,001 M.

Cong thure tinh:

Co3 (mg/L) = (VNaz2s203 * Cna2s203 * Moz * 1000) / V miu

Noéng dp H,0;:

Nong d6 H,0, duge xac dinh bang phuong phap chuin d6 oxy hoa khir Hozak
va cong su, 2018 [78].

Nguyén tic: Dya trén phan Gng oxy hoa khir gitta H202 v KMnO4 trong moi
truong axit sulfuric lodng, theo ty 1& mol 5:2, néng d6 H202 dugc xac dinh bang
phuong phap chuan d6 oxy hoa khir. Phan tng xdy ra nhu sau:

5H20; + 2KMnO4 + 3H2S04 — K2SO4 + 2MnS0O4 + 8H20 + 50,

Cach thuc hién: Léy 10 ml nude hoat héa plasma cho vao binh tam giac, sau
d6 dung HSO4 1 M hiéu chinh dé pH 2-3. Méau duoc chuan d6 v6i KMnO4 0.001 M
dén khi dung dich nuéc c6 mau hong nhat. Ghi lai thé tich dung dich KMnO4 d3 st
dung.

Cong thure tinh:
NH202 = (VkMnoaXNkmnos)/ Vh202
Trong do:

N202: Nong do duong lugng gam cua dung dich H202 can xéac dinh

Nimnoa: Nong d6 duong luong gam cua dung dich KMnOg tiéu chuin

Vimnos: Thé tich dung dich KMnOg tiéu chuan da dung (ml)

Vh202: Thé tich dung dich H202 d3 hat (ml)

Néng dj ion NOy, NOg

Néng dd cac ion c6 trong PAW dugc xac dinh dya vao phan ing mau va thang
do da quy dinh sin trong b kit (NO2", NOs - Sera test kit, Pirc).

2.3.3. Noi dung 2: Anh hwéng ciia PASW dén sy ting truéng ciia rong

nho trong diéu Kién in vitro

a) Thu thap, xir ly va nudi thich nghi:

Mau dugc dit vao tai chira nude bién dé bao quan, tranh anh sang truc tiép va
van chuyén vé phong thi nghiém trong vong 4 gid. Sau khi lam sach so bd, 100g mau
dugc nudi phuc hdi va thich nghi trong bé nudc bién véi nhiét do 28 + 2 °C, dd man
28 £ 2 %o, pH 7.5 £ 0.5, cudng dd anh sang khoang 45 umol photon m™2 s ! (dén
huynh quang), chu ky sang toi 12/12 gid va duge suc khi lién tuc trong 3-7 ngay. Céc
thong s6 vé moi truong nudi s& duge theo ddi hang ngay nham dam bao sy on dinh

can thiét cho qua trinh nudi trong [12].
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b) Quy trinh thuc hién:

Sau khi chuén bj nudc bién hoat hoa plasma (PASW) véi cac khoang thoi gian
xtr Iy khac nhau theo muc 2.3.2, thi nghiém duogc phan thanh hai nhém chinh. Nhom
thi nhat gdbm cac mau rong nho nudi trong PASW, ky hiéu tir P5 dén P30, tng voi
cac murc thoi gian xir 1y plasma, mau PO 1am déi chimg véi nude bién nhan tao. Nhom
thtr hai 1a PASW c6 b6 sung dinh dudng, gém nitrate (21,25 ppm NaNOs) va
phosphate (6,8 ppm KH2POy), ky hiéu tir H5 dén H30, véi mau HO 1am dbi chimg
dinh dudng (nudc bién nhan tao c6 nitrate va phosphate nhung khong qua xir 1y
plasma). Pé dam bao so sanh khach quan, nghiém thtrc d6i chtng duong chung duoc
thiét ké voi nudc bién nhan tao chira 42,5 ppm nitrate va 13,6 ppm phosphate. Viéc
bd sung dinh dudng dua trén nghién ctru cua Sia va cong su (2024) [12]. Chi tiét cac
nghi¢m thirc dugc trinh bay trong bang 2.4.

Céc nhanh rong c6 kich thudc dong déu sau giai doan nudi phuc héi duoc nudi
trong cac bé nhya (30 x 22 x 16 cm) chira 5 L mdi trudng theo ting nghiém thirc thi
nghiém. Rong duogc cb dinh trén khung luéi véi trong lugng ban dau 4 g/ khung
(trong duong mat d 50 g/ m?). Cac bé sau d6 duoc nudi duy tri trong diéu kién tuwong
tu qua trinh nudi thich nghi. V¢ sinh bé va thay nudce dugc thyc hién 7 ngay mot lan
dé loai bo cac manh vun [12].

Nudc bién ding trong thi nghiém I nuéc bién nhéan tao duoc pha theo phuong
phap cua Segedi va cong su (1964) [79].

Bang 2.4. Tong quan cac nghiém thirc thi nghiém

Nhom Dién giai Tén | Hoat héa | Dinh dudng bd sung
mau plasma | Nitrate | Phosphate
(ppm) (Ppm)
Nudc bién
khong plasma -
Nhém ddi khéng dinh
chirng dudng PO Khéng 0 0
Nude bicn HO | Khong | 21,25 6.8
khong plasma —
¢6 dinh dudng FO Khong 425 13,6
Nudc bién Co
co plasma — (thoi gian
Nhoém xir ly khong dinh khac
PASW dudng P5-P30 | nhau) 0 0
Nudc bién H5-H30 Co 21,25 6,8
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c6 plasma — (thoi gian
c6 dinh dudng khac
nhau)

Cdc chi tiéu danh gid bao gom:

Trong lwong tuyét doi

Trong luong tuyét d6i cua rong nho dugc xac dinh theo phwong phap cua
Ghani va cong su, 2023 [80]. Cu thé, khdi lwgng rong tuwoi (W0) duoc xac dinh bang
can phén tich 4 s6 (PA214 - Ohaus). Sau 7 ngay nudi cdy, khéi lugng rong twoi dugc
do lai va tinh toan theo cong thirc.

G =W:;-Wp

Trong do:

G: Trong luong tuyét doi (g)

Wo: khéi luong rong luc bat dau nudi (g)

W¢: khéi luong rong sau 7 ngay nudi (g)

Téc dp tang trwéng (Specific Growth Rate- SGR)

Dua trén trong luong tuyét dbi, toc do sinh trudng riéng (SGR) duoc tinh toan
nhu sau [80]:

(ln(Wt) _ln(WO)) X
t t 100

SGR =

Trong do:

SGR: tdc d6 ting trudng (% ngay)

Wi: khéi lwgng rong vao cubi qua trinh nuéi cay (g)

W,: khéi luong rong khi bat dau nudi cay (g)

t: Thoi gian nudi cdy (ngay).

Chlorophyll va carotenoid

Chlorophyll va carotenoid dugc chiét xuat bang aceton theo phwong phap cta
Sulaimana et al. (2024) [81]. Cu thé, 0,1 g mau canh twoi dugc nghién nho trong
1,5ml 80 % aceton va sau d6 duoc ly tim dé thu dich chiét. Dich chiét dugc lam trong
bang cach ly tim b6 sung (10000 rpm, 5 phiit) trude khi tién hanh do quang ph6 UV-
Vis (Shimadzu 1800) va ham luong sic td duge tinh toan tai cac budce song 480, 645
va 663 nm theo cong thuc:

Carotenoid (mg/ g) =4 A 40
Total Chlorophyll (mg/ g) =8.02 A es3 + 20.21 A 645

Ty I¢ tich liiy chit kho

Ty 18 tich liiy chat kho cta rong duge xac dinh théng qua quy trinh do ludng
khoi luong tuoi va khdi luong kho cua mau. Dau tién, khoi luong tuoi cia rong dugc

xéac dinh bang cach sir dung can k¥ thuat s, sau khi rong dd duoc thdm kho bang gidy
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dé loai bo d6 Am bé mit. Tiép theo, rong dugc séy kho trong tu s?iy o nhiét do tur 60
dén 70 °C cho dén khi trong luong khong ddi, sau d6 tién hanh cén lai dé xac dinh
khéi lugng kho. Ty 1¢ tich liy chit kho dugce tinh toan bang ty sb giita khdi luong
tuoi va khdi lvong kho cua rong, cung cap thong tin quan trong vé kha ning tich liy
chét dinh dudng va hiéu qua sinh trudng cua loai rong nay [82].

2.3.4. N¢i dung 3: Phén tich tic dong ciia PASW dén ham lwong mot s6

hop chit hitru co trong rong nho

Chudn bi méu

Mau rong nho twoi duoc rira véi nude bién di loc va chai nhe dé loai bé manh
vun. Sau d6, mau duoc thadm kho dé loai bo lugng nude du thira va tién hanh say kho
mau & nhiét d6 60 °C dén khi khdi lwong mau khong ddi. Sau d6, mau duoc nghién
thanh bot min (dé lot qua rdy Imm) va bao quan mau ¢ nhiét d6 - 20 °C.

Protein

Ham lugng protein trong miu duoc xac dinh bing phuong phap Lowry. Quy
trinh bao gém: nghién 10 mg rong bién khé trong 1 mL NaOH 0,1 N; sau d6, tron 0,1
mL dich nghién vai 0,9 mL NaOH va pha lodng (10 lan). Tiép theo, thém 3 mL thudc
thu C (dung dich A [NaOH 0,1 M, Na.COs 2 %] va dung dich B [CuSO4.5H20 0,5 %
trong NasCsHsO7 1%] pha ty Ié 1:50) vao 1 mL mau va u 30 phdt & nhiét d6 phong.
Cudi cung, thém 0,3 mL thuéc thr Folin-Ciocalteu 0,5 N, 1 45 phut trong tdi ¢ nhiét
d6 phong va do do hap thu ¢ 750 nm bang may quang phé UV-Vis. Pudng chuan
BSA dugc sir dung dé dinh luong protein. Buong chuan albumin huyét thanh bo
(BSA) duoc sir dung dé dinh lugng protein [83,84].

Téng ham lwong phenolic

Ham luong phenolic tong trong mau duoc xac dinh thong qua phuong phap
quang ph6 UV-Vis, str dung phan tmg mau véi thude thir Folin-Ciocalteu, theo quy
trinh da dugc mo ta Ainsworth & Gillespie (2007). Cu thé, 5 pL dich chiét (0,025g
trong 2,5 ml metanol 80 %) duoc thém vao véi 25 L thude thir Folin—Ciocalteu. Sau
thoi gian 0 5 phut, 75 pL dung dich Na2COs 20 % duoc thém vao, va hon hop tiép
tuc dugc u trong 60 phut ¢ nhiét d§ phong. Do hép thu cuc dai ciia dung dich sau do
dugc ghi nhan sir dung may quang phé UV-Vis ¢ budc séng 765 nm. Ham luong
phenolic téng sau d6 duoc tinh toan dua trén duong chuan st dung axit gallic va duoc
biéu thi du6i dang mg GAE/g mau [85].

Téng ham lwong flavonoid

Cu thé, 10 uL trong 10mg/ml dich chiét mau duoc thém vao vai 250 uL duoc
tron v4i 250 pL AICls 2% (Sigma-Aldrich, Puc). Tiép theo, 250 pL acetic acid 1 M
dugc thém vao sau do6 1a 490 ul nudc cat, va hdn hop tiép tuc dugce 1 trong 60 phit &
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nhiét do phong. Do hép thu cyc dai ctia dung dich sau d6 dugc ghi nhan stt dung may
quang phd UV-Vis & budc song 425 nm. Ham luong flavonoid sau d6 dugce tinh toan
dua trén dudng chuan st dung Quercetin va dugc biéu thi dudi dang mg QE/g mau
[86].
2.4.PHUONG PHAP XU LY SO LIEU

Thi nghiém duoc bd tri hoan toan ngau nhién véi 3 lan 13p lai & mdi thi nghiém.
Phan mém Microsoft Excel duoc st dung dé téng hop s6 liéu, dit liéu thu duogc hién
thi dudi dang trung binh + dd 1éch chuan (TB £ SD). Phan tich théng ké duoc thuc
hién bang phan mém SPSS phién ban 26.0 (SPSS Inc., USA), su khac biét c6 y nghia
thong ké gitra cac nhom xir Iy duoc phan tich ANOVA va phép thtr Tukey ¢ muc ¥
nghia p<0,05.
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Chuwong 3. KET QUA VA THAO LUAN
3.1. PAC TINH LY HOA CUA PASW

Nudc bién hoat hoa plasma (PASW) chira cac gbc oxy va nitrogen phan tng
(RONS), c6 kha ning tac dong dén qua trinh sinh trudng ctia rong nho. Vi vy, nghién
clru ndy tap trung danh gid mot sb ddc tinh hoa 1y cia PASW, bao gém pH, nong do
NOz", Oz va H20>, dugc trinh bay trong hinh 3.1. Cac gia tri pH, H202, O3, NO2 ",
NOs™ déu co su thay doi dang ké theo thoi gian hoat héa. Cu thé, mau dbi ching ghi
nhan gia tri pH cao nhit 1a 8,88, nhung sau 30 phit hoat hoa plasma, gia tri nay giam
xubng 7,93. Sy suy giam pH chil yéu do tuwong tac gitta NOx (san pham cta qua trinh
ion héa Nz va O trong plasma) va phan tir nudc trong qua trinh xtr Iy plasma, dan
dén viéc hinh thanh HNO, va HNO3 gép phan vao sy acid hoa cta dung dich [87—
90]. Tuy nhién, su giam nhe pH khong anh hudng dén qua trinh nudi trong mau.

Khi khong khi duoc sir dung 1am khi dau vao, ndong do NO2~ trong PASW ting
tir 0 1én 4,1 mg/ L, trong khi ndng d6 NOs~ tang tir 2,69 1én 32,15 mg/ L, khi thoi
gian xir 1y kéo dai tir 0 dén 30 phut. Theo Oehmigen va cong sy, nong d6 NO2~ thap
hon so v6i NO3™ ¢6 thé duoc giai thich bai qua trinh chuyén doi tir NO2 thanh NO3™
dién ra nhanh hon trong méi truong acid [91]. Song song d6, ndng d6 Os va H.0:
cling ting dang ké, dat 1an luot 2,5 mg/L va 2,25 mg/L sau 30 phat (hinh 3.1c). Qué
trinh phong dién trong khong khi tao ra hang loat ion va gdc tu do (ROS/RNS), bao
gdm -0, -OH, -NO va -NO.. Khi tiép xtc véi nudc bién, cac loai nay hoa tan va tham
gia vao chudi phan Gng thi cdp, hinh thanh cac chat oxy héa manh nhu Os va Hz0..

Duéi day 1a mot s6 phuong trinh phan tng tiéu biéu:

ROS:
HO+e — -:OH + -H+ e~
‘OH + -:OH — H202
HO+e — OH + H" + 2e—
O2+e —-0+-0+¢’!
02+ 00— 03

RNS:

NO2 + H" — HNO>

‘NO2 + OH — HNOs3

3NO2" + 3H* — 2NO + NOz” + H30*
2NO; + H20 — NO2 + NO3 + 2H*
NOz2 + H202 + H* — ONOOH + H20
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Két qua phan tich cac dic tinh hoa Iy cia PASW trong nghién ctru nay cho
thiy su twong dong voi két ludn ctua Ke va cong sy (2024) vé nudce bién hoat hoa
plasma (PASW). Cu thé, pH ctia PASW c¢6 xu huéng giam di, trong khi nong d¢6 H20:
va NOz lai ¢6 xu hudng tang 1én sau qua trinh xt 1y [92]. Xu hudng nay ciing phu
hop véi cac nghién ctru trude d6 vé PAW [30,84,85].
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Hinh 3.1. Pic diém 1y hoa ctia PASW. Cac gia tri ciia a) pH, b) H202 va Oz, ¢) NO2°

va NO3™ ctia PASW duoc do nhu mo ta trong phan vat liéu va phuong phép.

Nhin chung, két qua nghién ctru cho thiy nudc bién hoat hoa plasma (PASW)

c6 tiém nang 16n trong nudi trong rong nho nho sy hién dién cia RONS ¢6 kha ning
thuc dy qua trinh sinh trudng. Theo nghién ciru ctia Sarinont va cong su (2017), viée
st dung khong khi lam khi dau vao, tao ra ham lugng RONS cao hon so vai cac khi
nhu heli (He), argon (Ar) hay nito (N2) [94]. Hon nita, tinh san c6 cta khong khi gitip
giam dang ké chi phi van hanh hé thdng plasma, 1am ting tinh kha thi vé mat kinh té
khi tmg dung cong nghé ndy. Tuy nhién, do mdi dbi twong nghién ctru ¢ co ché sinh
treong va phan tng sinh hoc riéng biét, viéc tdi wu héa thoi gian xtr 1y plasma, luu
luong va loai khi sir dung 1a can thiét dé dat hiéu qua sinh hoc t6i da ma khong gay
tac dong bat loi.
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3.2. ANH HUONG CUA PASW PEN SU TANG TRUONG CUA RONG
NHO TRONG PIEU KIEN IN VITRO
3.2.1. Chéit lwgng nuée

Dé dam bao tinh khach quan va loai trir anh hudng cua cac yéu td moi trudng
1én két qua thi nghiém vé tac dong cua plasma ddi voi rong nho, cac thong sb chat
lwong nudce quan trong da dugc kiém soat chit ché trong sudt 7 va 14 ngay thi nghiém,
v6i két qua chi tiét dugc trinh bay trong bang 3.1. Cu thé, pH duogc duy tri & mirc tbi
vu cho su phat trién caa C. lentillifera, voi gia tri trung binh 13 7,90 % 0,6 sau 7 ngay
va giam nhe xuéng 7,8 £ 0,5 sau 14 ngay. Nhiét do nudc on dinh ¢ 28 + 2 °C, trong
khi d6 man duoc duy tri & mic 30 + 0,5 %o trong toan bd qua trinh thi nghiém. Nhin
chung, cac yéu tb méi truong nudi cay duoc duy tri & murc thich hop cho sy phat trién
cua C. lentillifera [41,71,89].

Bang 3.1. Nhiét d6, d6 man, pH trong thoi gian nghién ctiru

Pic¢u kién méi truong Thoi gian (ngay)
7 ngay 14 ngay
pH 7,90 £+ 0,6 7,80 £ 0,5
Nhiét do (°C) 28 £2 28 £2
D6 man (%o) 30+0,5 30+ 0,5

3.2.2. Trong lwong va tdc d) ting trudng.

Tac dong cia PASW & cac thoi gian hoat hda khac nhau trén rong nho trong
nghién ctru nay duoc danh gia thong qua trong luong va toc do ting truong. Két qua
thi nghiém cho thay viéc xir Iy plasma két hop bo sung dinh dudng da tac dong rd rét
dén trong lugng rong nho, nhu duoc thé hién ¢ hinh 3.2. O nhém d6i chimg (PO),
trong lugng mau ting tir 0,71 £ 0,18 g (ngay 7) 1én 1,26 £ 0,06 g (ngay 14), tuong
mg muc tang khoang 1,77 1an. G nhém bo sung dinh dudng (HO, FO) cho thdy su
phat trién vuot troi. Cu thé, mau HO ting tir 1,26 £ 0,18 g (ngay 7) 1én 1,71+ 0,10 g
(ngdy 14), dat muc ting 1,36 1an. Tuong ty, mau FO ting tir 1,7 + 0,35 g 1én 2,19 +
0,06 g sau 14 ngay nudi trong, phan 4nh tbc do phat trién cao hon dang ké so véi PO.

Céac mau chi xtr Iy plasma (P5 - P30) cho thiy kha ning thiic day ting truong
v6i xu hudng trong luong ting dan theo thoi gian xur 1y, dao dong tir 0,95 + 0,02 g
dén 1,81 + 0,17 g sau 7 ngay nudi. Tuy nhién, hiéu qua hiép dong rd rét nhit duoc
ghi nhan ¢ nhém két hop gitta xur Iy plasma va bd sung dinh dudng (H5 - H30), voi
trong lugng tang trudng vuot trdi so voi cadc nghi¢m thirc khac. Trong lugng mau
tang dan tir H5 (1,61 £ 0,07 g) va dat gia tri tbi wu & H20 (2,32 £ 0,11 @), sau d6 giam

nhe ¢ cac thoi gian xu 1y sau. Xu hudng tang truong tuong tu cling dugc quan sat
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thiy qua trong luong cta rong nho trong 14 ngay nudi. Cu thé & mau P30 & ngay 14
tang ~ 0,69 1an so v6i ngay 7. Trong khi d6 mau H25 va H30 sau 14 ngay nudi c6 xu
huéng giam nhe ~ 1,10 va 1,22 1an so véi ngay 7. Pang chi ¥, miu H20 dat trong

lwong tot nhat trong tit ca cac mau thi nghiém & ca ngay tha 7 va ngay thir 14.
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Hinh 3.2. Sy thay dbi trong lugng cua rong nho a) Nudi tryc tiép trong PASW
b) Nudi trong PASW két hop dinh dudng, tai cac thoi diém 7, 14 ngay sau nudi.
Céc chit cai khac nhau biéu thi sy khac biét c6 y nghia thong ké & murc p<0,05.
Ghi chl: PO: nudc bién nhén tao, HO: nude bién nhdn tao chira 21,5 ppm
nitrate va 6,8 ppm phosphate, FO: nwéc bién nhan tao chiva 43 ppm nitrate va 13,6
ppm phosphate, P5 - P30: Nuéi truc tiép trong PASW, H5 - H30: Nudi trong PASW
két hop véi dinh dwdng.
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Bén canh d6, két qua nghién ctru cho thiy c6 mdi trong quan chit ché giira
trong luong va tdc do ting trudng rong nho trong 7 ngay dau tién. Cu thé, mau H20
ghi nhan tdc do ting trudng cao nhat, dat 2,28 + 0,7 %/ ngay, gap 3,05 1an so voi mau
PO, 1,32 14n so véi mau FO va 1,70 1an so véi mau HO. Xu hudéng nay phu hop véi sy
gia ting trong lwong cua rong nho trong cing giai doan. Tuy nhién, sau 14 ngy, tdc
d6 tang trudng cla tit ca cac mau déu giam. Cu thé, trong nhém PASW (tir P5 dén
P30), toc d6 ting trudng trong 7 ngay dau dao dong tir 0,97 + 0,27 %/ngay dén 1,91
+ 0,63 %/ ngay, nhung tir ngay tht 8 tro di, toc do nay giam xudng con tir 0,923 +
0,32 %/ ngay dén 1,21 + 0,51 %/ ngay. Viéc toc do tang truong ngay 14 giam so voi
ngay 7, ciing da dugc ghi nhan trén Sargassum fusiformis [97] va tao do Gracilaria
lemaneiformis [98]. Hién twong nay ¢ thé duogc 1y giai boi su khac biét giita cac giai
doan phat trién cua cy, cling nhu ciy dan chuyén sang thuc hién cac chirc ning sinh
Iy nhu tich Iily dudng chét, sinh san va diéu chinh ciu tric té bao, tir d6 dan dén sy

giam toc do ting truong [99].
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Hinh 3.3. Sy thay ddi téc d6 ting trudng rong nho a) Nudi truc tiép trong PASW
b) Nudi trong PASW két hop dinh dudng, tai cac thoi diém 7, 14 ngay sau nuéi.
Céc chir cai khac nhau biéu thi sy khac biét c6 y nghia théng ké & murc p<0,05.

Ghi chl: PO: nudce bién nhéin tao, HO: nuwde bién nhdn tao chira 21.5 ppm
nitrate va 6.8 ppm phosphate, FO: nude bién nhdn tao chira 43 ppm nitrate va 13.6
ppm phosphate, P5 - P30: Nuéi truc tiép trong PASW, H5 - H30: Nudi trong PASW
két hop véi dinh dwdng.

Nhin chung, thanh phan va ndng do cac chat hoat tinh trong PASW nhu Hz0:,
03, NOs~, NO:~ ¢6 tac dong dang ké dén toc do tang trudng va hiéu qua sinh khéi cta
rong nho. Cu thé, viéc hoat hda nudc bién bang plasma trong 20 phut (P20) cho thay
hiéu qua kich thich tang trudng twong ty nhu khi bd sung dinh dudng & lidu tdi uu
(F0). Trong khi d6, viéc giam mot ntra lidu dinh dudng tiéu chuan két hop voi hoat
hoa plasma trong 5 phat (H5) ciing cho thay hiéu qua twong duong so véi viée bd
sung 100% dinh dudng & mau FO. Dic biét, tic dong tich cuc nay tiép tuc tang khi
kéo dai thoi gian xir 1y, cho thdy tiém ning Gng dung cia PAW trong canh tac véi
lidu dinh dudng duoc t6i vu héa hodc giam thiéu sir dung phan bon tong hop tir dau
mo, khodng san.

Hiéu tng kich thich tang trudng trong tu ciia nude hoat hda plasma ciling duogc
quan sét thay trén nhiéu ddi twong thyc vat khac nhau. Vi du, trén gia dd, xir [y PAW
lam ting dédng ké chiéu dai than va trong lugng trung binh lan luot 1a 8,09% va
12,75% so v6i cac mau dugce xir 1y bﬁng nude cat [22]. Khong chi ¢ thyce vat bac cao,
su hién dién ciia RONS trong PAW kich thich tich lity sinh khéi (26,6 mg/L/ngay) va
phan bao trén vi tao cao hon so véi dung dich dinh dudng nito don 1é, cu thé nitrite
(22,5 mg/L/ngay) [90].
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O thyuc vat, su ting truéng va phét trién cha yéu duoc thic ddy boi su ting
sinh va mo rong té bao trén toan bo co thé. Trong khi d6, RONS di dugc chirng minh
13 tham gia diéu hoa nhiéu qu4 trinh sinh héa quan trong, ching han nhu phan chia té
bao, mé rong, biét hoa va chu ky té bao.

Nhiéu nghién ctru di bao cdo rang nitrogen 13 yéu t gidi han chinh dbi voi sy
phat trién cua nhiéu loai to bién va thyuc vat thuy sinh, dac biét trong cac hé sinh thai
nghéo dinh dudng [91]. Viéc cung cip day du nitrogen duoc chimg minh 13 hd trg
duy tri cac chirc nang sinh 1y quan trong ctia thuc vat, bao gdm quang hop, ho hap va
sinh tong hop, thong qua sy diéu chinh céc sic té quang hop nhu chlorophyll a va
carotenoid, cling nhu hoat dong cua cac enzyme [88, 89, 90]. Ngoai ra, nitrogen cling
duoc xac dinh l1a thanh phén cAu tao cua cac dai phan tir sinh hoc thiét yéu nhu protein,
DNA va RNA, nhitng phén t nay dong vai trd then chdt trong ciu triic té bao va qua
trinh tdng sinh, m& rong té bao, tir d6 thic déy sy phat trién lién tuc cua thuc vat. Nho
d6, RNS trong PASW g6p phan quan trong thic ddy cac chirc ning sinh 1y thiét yéu
ctia thuc vat, nhu quang hop, ho hip va téng hop cac dai phén tir sinh hoc.

Bén canh RNS, ROS ciing duoc bao cdo 1 c6 anh huong déng ké dén su phat
trién cua cay. Trong mo thyc vat, ROS noi sinh 1a san phém phu cua qua trinh trao
d6i chat té bao va dugce xem 1a c6 vai trd kép trong sinh 1y thyuc vat. Cac gc oxy phan
g nay, voi kha ning tuong tic véi nhiéu dai phan tir sinh hoc, da duoc chimg minh
13 hd tro sy ting trudng va phan chia té bao théng qua qua trinh oxy hoa polysacarit,
gitip ndi 1ong thanh té bao. Thém vao dé, cac gbc oxy phan tng cling tham gia diéu
hoa hoat dong ctia cac hormone ting trudng bang cach diéu chinh sy biéu hién cia
cac gen hodc con duong tin hi¢u lién quan. Vi dy, brassinosteroid (BRs), mot nhém
phytohormone anh hudng dén sy biéu hién ctia cic gen lién quan dén su phat trién va
dap Gmg cang thiang, dugc diéu hoa boi H20: thong qua qua trinh oxy hoa cac yéu td
phién ma Brassinazole-Resistant 1 (BZR1). Sy thay d6i nay ting cuong hoat dong
ciia BZR1 va tao diéu kién cho sy tuong tac cia nd voi yéu té phan ing Auxin 6
(ARF6) va yéu to twong tac Phytochrome 4 (PIF4), tir d6 thuc ddy sy ting truong va
phat trién ciia mo phan sinh khi mtc H.O: tang 1én [70]. Trong khi dé, ddi véi tao -
mot nhom sinh vét c6 ciu tao don gian — nhiéu nghién ciru di cho thay sy hién dién
va hoat dong cua mot ) phytohormone tuong ty nhu auxin, GA, va cytokinin, cho
thdy tic dong ctia ROS trén rong nho c6 thé xdy ra v6i co ché twong ty [102,103].

Khéng nhiing thé, khi rong nho duoc nudi ciy trong diéu kién dong nhat veé
anh sang, nhiét do, pH thi cac mau rong nho duoc xir Iy PASW (bao gom bé sung
dinh dudng hoic plasma) da cho thay sy ting truéng vé mat hinh thai tét hon so voi
nhém ddi ching. Nhu minh hoa trong hinh 3.4, sau 7 ngay nudi trong cac mau xir Iy
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PASW khong chi phat trién kich thuéc 16n hon, mau sic xanh tuwoi hon, ma con gia
tang dang ké sb lugng than bo. Dac biét, cac mau P30, H15 va H20 ghi nhan sy xuit
hién cta cac hat rong méi, danh du mét giai doan quan trong trong chu trinh phat
trién cta rong nho. Nguoc lai, nhém ddi ching (PO va HO) cho thay sé luong than bo
Xuat hién it hon dang ké sau 7 ngay nudi cay.

Hinh 3.4. Hinh thai rong nho sau 7 ngay ¢ cac nghiém thic.
Ghi chl: PO: nudc bién nhén tao, HO: nude bién nhdn tao chira 21,5 ppm

nitrate va 6,8 ppm phosphate, FO: nwéc bién nhan tao chira 43 ppm nitrate va 13,6
ppm phosphate, P5 - P30: Nuéi truc tiép trong PASW, H5 - H30: Nudi trong PASW
két hop véi dinh dwéng.

Sau 14 ngay nudi ciy, hinh thai ciia cdc mau rong nho da thay doi mot cach rd
rét, dic biét & cac mau H20 va P30, khi chiéu dai than bo cua chung vuot trdi hon rd
rang so voi nhom d6i ching, than ré xuat hién nhanh dai, nhu thé hién & hinh 3.5. Su
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khac biét nay dong thoi cung cd tinh nhat quan cta sb liéu di dugc danh gia & cac chi
tiéu trude d6, nhidn manh hiéu qua cua cac yéu td xur ly thi nghiém. Pic biét, mau
H30 con biéu hién mau sic nhat hon va chuyén sang tring. Khéng chi vy, cac miu
nay, dic biét 1a H20, cho thiy sb luong nhanh rong, hat rong méi dwgc hinh thanh
nhiéu hon, ddéng thoi ¢ sy xuét hién cua ré gia - mot chi sé quan trong danh déu kha
ning sinh trudng va phat trién toan dién cta rong nho. Két qua ndy twong ty nhu
nghién ctru ciia Windarto va cong su (2024) da ching minh ring viée sir dung chat
diéu hoa sinh truong thuc vat ngoai sinh c6 kha niang kich thich manh mé& sy phat
trién cta rong nho, gia tdng vuot troi vé sb lugng nhanh, hat nho, than dung va ré gia
so voi cac mau ddi ching [46].

Hinh 3. 5. Hinh thai rong nho sau 14 ngay nuéi trong.

Ghi cha: PO: nude bién nhdn tao, HO: mdce bién nhdn tao chira 21,5 ppm
nitrate va 6,8 ppm phosphate, F0: nuéc bién nhén tao chita 43 ppm nitrate va 13,6
ppm phosphate, H20 - H30: Nudi trong PASW két hop véi dinh duéng.
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3.2.3. Ham lwong chlorophyll, carotenoid va ty 1é tich liy chit kho

Danh gia ham luong sic t§ va ty 16 tich liy chit kho trong rong 13 v6 clng
quan trong, boi sic td diép luc dong vai tro then chét trong qua trinh quang hop,
chuyén hoa anh sang thanh ning luong. Trong khi do, ty 18 tich ity chat kho, cho thay
kha ning ting truang sinh khéi cua thuc vat.

Két qua nghién ctru trong 7 ngay dau cho thay su khéc biét rd rét vé ham luong
chlorophyll gitra ca&c nhém nghiém thie. Ddi v6i nhém dbi ching, ham luong
chlorophyll ting theo ndng d6 nitrogen trong méi truong nudi cay. Cu thé, nghiém
thae FO ghi nhan muc tang 15,87 % so vai PO va 0,69 % so vai HO, nhu minh hoa ¢
hinh 3.6. Di v6i nhém nudi trong PASW (P5 - P30) cho thay xu hudng ting ham
luong chlorophyll theo thoi gian hoat héa plasma (hinh 3.6a). Pdng thoi, nhém nudi
trong PASW két hop bé sung dinh dudng (H5 — H20) ciing ghi nhan mirc ting ham
luong chlorophyll trong dwong hoic cao hon nhom ddi chang (hinh 3.6b). Cu thé,
ham luong chlorophyll ting dan tir 5,14 % & H5 dén 8,82 % H20 song di giam lan
luot 18,05 % & H25 va 20.27 % & H30 so véi mau HO.

Pén ngay thir 14, xu hudng gia ting ham luong diép luc van dugc duy tri rd
rét, voi su khac biét ndi bat gitra cac nghiém thirc. Nhom ddi ching, FO (1,53 + 0,08
mg/g FW) ghi nhan ham Iuong diép luc cao hon 12,5% so véi PO (1,29 £ 0,01 mg/g
FW) va 4,08 % so véi HO (1,47 + 0,07 mg/g FW). O nhdm nudi trong PASW, céc
nghiém thirc P20, P25 va P30 déu ghi nhan su gia ting dang ké vé ham luong diép
luc, trong d6 P30 dan dau véi hiéu qua vuot troi, dat 1,60 + 0,02 mg/g FW, ting
19,05 % so vai P5, 4,5 % so vai FO va 17,64 % so vai PO (hinh 3.6a). Trong khi do,
& nhdm PASW két hop bd sung dinh dudng (H5 - H30), ham luong diép luc ting tir
5,14 % & H5 1én 8,82 % tai H20. Tuy nhién, tai H25 va H30, ham lugng nay giam
lan luot 16,91 % va 23,5 2% so vai PO, phan anh su suy giam hiéu qua tai cac muc
hoat hoa cao. Bac biét, mau H30 sau 14 ngay biéu hién mau sic nhat hon dang ké so
véi cac nghiém thac khac, cho thay tac dong rd nét cua viec bo sung dinh dudng két
hop Voi plasma vugt ngudng toi wu 1én kha nang tich lily sac t6, nhu minh hoa trong
hinh 3.5.
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Hinh 3.6. Sy thay d6i ham lugng Chlorophyll (mg/ g FW). a) Nubi truc tiép trong
PASW b) Nudi trong PASW két hop dinh dudng, tai cac thoi diém 7, 14 ngay sau
nudi. Cac chir cai khac nhau biéu thi su khac biét co y nghia thong ké & mirc p<0,05.

Ghi cha: PO: nude bién nhdn tao, HO: nudc bién nhdn tao chira 21,5 ppm
nitrate va 6,8 ppm phosphate, FO: nwéc bién nhan tao chiva 43 ppm nitrate va 13,6
ppm phosphate, P5 - P30: Nudi truc tiép trong PASW, H5 - H30: Nudi trong PASW
két hop véi dinh dwdng.

Ham luwong carotenoid 1a yéu té quan trong anh huéng dén kha ning quang
hop, thuc ddy sinh truéng va bao vé té bao thuc vat, dac biét 1a rong nho, trudc cac

tén thuong do stress oxy hoa. Nghién ctru nham danh gia sy thay doi ham lugng
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carotenoid trong cac nghiém thirc khac nhau khi sir dung PASW va két hop bé sung
dinh dudng, tai hai mdc thoi gian 7 ngay va 14 ngay.

Nhu thé hién ¢ hinh 3.7, sau 7 ngay thi nghiém (hinh 3.7), két qua cho thiy su
khac biét dang ké giira cac nghiém thirc. Trong nhém PASW, ham lwong carotenoid
tang theo thoi gian hoat hoa plasma, v6i P30 dat murc cao nhat 0,33 + 0,01 mg/g FW,
tang 20,5 % so v&i PO (0,27 mg/g FW) va vuot qua P25 (0,32 £ 0,01 mg/g FW).
Nhom dbi chimg (FO) ghi nhan gid tri vuot troi, dat 0,34 + 0.01 mg/g FW, ting 24,2%
so véi PO, khang dinh sy 6n dinh cao trong diéu kién khong xir 1y plasma. Trong khi
d6, két qua ctia nhom plasma két hop bd sung dinh dudng cho thay H5 (0,31 mg/g
FW) va H20 (0,32 + 0,01 mg/g FW) lan lugt ting 14,3 % va 16,3 % so véi P0, nhung
H30 giam manh xudng 0,20 mg/g FW, thip hon 25,9 % so véi PO, két qua cho thiy
tac dong tiéu cuc khi thot gian xir 1y plasma vugt qua ngudng thich hop.

Pén ngay thir 14, xu hudng gia ting ham lwong carotenoid van tiép tuc duoc
duy tri. Trong nhém PASW, nghiém thtc P30 dat gia tri cao nhat & mc 0,33 + 0,02
mg/g FW, tang 9,0% so vé1 PO (0,30 = 0,01 mg/g FW) va cao hon P25 (0,32 = mg/g
FW) va P5 (0,33 = 0,01 mg/g FW, ting 7,4 % s0 véi PO). Nhém ddi chimg (FO) duy
tri ham lwong 6n dinh & mirc 0,33 + 0,01 mg/g FW, ting 6,8 % S0 v&i PO nhung thap
hon P30. G nhém plasma két hop bo sung dinh dudng, nghiém thizc H20 (0,34 + 0,03
mg/g FW) ghi nhan mac ting vuot troi, dat 11,6 % so véi PO. Tuy nhién, H30 tiép
tuc giam sau xuéng mac 0,18 mg/g FW, thip hon 40,5 % so véi PO, nhan manh sy
suy giam rd rét khi &p dung thoi gian hoat héa plasma qua mic.

Nhin chung, trong ca hai méc thoi gian, nhém nudi trong PASW (P30, P25)
va nhom ddi ching (HO, FO), nhém plasma két hop dinh dudng (H5 — H20) cho thay
su tang dang ké ham luong carotenoid so véi PO.
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Hinh 3.7. Sy thay d6i ham Carotenoid (mg/g FW). a) Nubi truc tiép trong PASW
b) Nudi trong PASW két hop dinh dudng, tai cac thoi diém 7, 14 ngay sau nuéi.
Céc chir cai khac nhau biéu thi su khac biét co y nghia théng ké ¢ murc p<0,05.

Ghi cha: PO: nudc bién nhéan tao, HO: nude bién nhéan tao chira 21,5 ppm
nitrate va 6,8 ppm phosphate, FO: nwéc bién nhdn tao chira 43 ppm nitrate va 13,6
ppm phosphate, P5 - P30: Nuéi truc tiép trong PASW, H5 - H30: Nudi trong PASW
két hop véi dinh dwdng.

Trong nghién ctiu vé sinh trudng va phét trién cia rong nho, ty I8¢ tich Iiy chat
khé duoc coi 1a mét yéu té quan trong bén canh cac chi s6 nhu trong lwgng va toe do
tang truong. Dua trén sb lieu tai hinh 3.8, két qua cho thay su thay d6i ty Ié tich liy
chat kho tir 7 ngay dén 14 ngay ¢ hau hét cac nhom mau.

Sau 7 ngay thi nghiém, ty Ié tich lity chat khd & cac nghiém thic cho thay su
khac biét rd rét. Trong d6 nhom mau nudi trong PASW, ty 18 tich lity chat kho tang
dang ké theo nong do plasma (hinh 3.8a). Mau P25 dat mirc ting 10,6 % so véi PO
(2,74 £ 0,07 %), dat 3,41 + 0,17 %, trong khi P30 tang 12,3 %, Ién 3,47 £ 0,12 %.
Tuy nhién, dén ngay thir 14, xu huéng nay bat ¢au cham lai & P30, chi ting thém 8,7 %
S0 Véi ngay thur 7, trong khi P25 duy tri muc tang vuot troi vai 10,5 %.

Péng cha ¥, viéc hoat hoa nudc bién bang plasma trong 15 phut (P15) mang
lai hi¢u qua tich lily chat kho twong dwong véi nhom déi chimg FO. Hon nira, sy két
hop giita hoat hoa plasma trong 5 phat va giam maot nta liéu dinh dudng tiéu chuan
van dat hiéu qua cao, véi ty I ting truong vuot troi 9,3 % so véi FO & ngay tha 7
(hinh 3.8b).
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Hinh 3.8. Sy thay doi ty I¢ tich lity chat khd (%). a) Nudi truc tiép trong PASW
b) Nuoi trong PASW két hop dinh dudng, tai cac thdi diém 7, 14 ngay sau nudi.
Céc chit cai khac nhau biéu thi su khac biét c6 ¥ nghia thong ké & murc p<0,05.

Ghi cha: PO: nudc bién nhéan tao, HO: nudc bién nhéan tao chira 21,5 ppm
nitrate va 6,8 ppm phosphate, FO: nuwéc bién nhan tao chira 43 ppm nitrate va 13,6
ppm phosphate, P5 - P30: Nudi truc tiép trong PASW, H5 - H30: Nudi trong PASW
két hop véi dinh dwdng.

Trong nghién ctru nay, viéc xu Iy plasma da dugc chiing minh khong chi cai
thién trong lugng va thiic ddy phat trién, ma con nang cao kha ning tich lity chat kho
cling nhu ham lugng chlorophyll va carotenoid.

Nhu dé cap trude d6, ngoai 1a dinh dudng thiét yéu cho qua trinh sinh truong
thi nitrogen con 1a thanh phan co ban cua diép luc, twong quan véi tc do quang hop,

enzyme carboxyl héa va mang protein. Do d6, né duoc xem 1a thanh phan chinh cia
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PASW, thuc diy tang sinh khdi va kha ning quang hop. Nghién ciru ciia Kuderova
va cong su (2021) di chimg minh rang ca nitrate va hydro peroxide déu gbp phan vao
tdc 46 quang hop va ting trudng sinh khéi [59]. Ngoai ra, Nitrogen tham gia vao viéc
tong hop cac enzyme lién quan dén quang hop, nhu Rubisco, enzyme quan trong
trong chu trinh Calvin. Diéu ndy giup cdy st dung anh sang va CO: hiéu qua hon
[93,94].

Bén canh vai tro cua cac loai phan ing nitrogen (Reactive Nitrogen Species -
RNS), cac loai phan tng oxy (Reactive Oxygen Species - ROS) cling tac dong manh
mé dén viéc diéu hoa hormone ting trudng thong qua cac con dudng tin hiéu va biéu
hién gen. Chang han, H>O: kich thich phién ma protein brassinosteroid (BR) va tuong
tac v4i yéu to dap ung auxin ARF6, lam ting hoat dong ctia auxin. Diéu nay gop phan
kich hoat sy hinh thanh va phat trién r& bén, tir d6 gia ting kha ning hap thu nudc va
dinh dudng.

Tuy nhién khi nong d6 nitrate, H20> ting cao c6 thé 1am mat diép luc va mau sic
& rong nho do phan tng vai stress oxy hoa, thdng qua qua trinh dephytyl héa diép luc
[9]. Bong thoi, su thiéu hut nitrogen co thé gay ra su giam ham lugng chlorophyll va
carotenoid [85]. Hon nita, cac chat oxy hda trong plasma c6 thé tac dong tiéu cuc dén
chudi polyene khong bao hoa trong carotenoid, khién ching dé bi pha v&. Phan tng
nay, thudng lién quan dén co ché cong vong, dan dén sy phan hay carotenoid thanh
c4c san pham tht cip nhu carbonyl, epoxit, hydroxyaldehyd va ketone. Nhing ton
thuong nay anh hudng nghiém trong dén trao ddi chat va cac qua trinh sinh ly quan
trong trong thuc vat [95].

Trong nghién ciru Guo va cong su (2014), kha ning quang hop cia hé théng
quang hop II (PSII) bi trc ché khi nudi trong rong nho & mirc dinh dudng cao. Diéu
nay xay ra khi ndng d6 NO 3 -N 16n hon 1,0 mmol/L (62 ppm) va khi ndng d6 PO 4 -
P & mirc 0,4 mmol/L [96]. Trong mot nghién ctru khac, hé théng PSII cta cac loai tao
thudc Chlorophyta cho thiy su suy giam khi tiép xtc v6i H202 ¢ nong d6 0,5 mM (17
ppm) [97]. Pong thoi, viéc bo sung tir | mM H,0, gy ra su giam 80% qua trinh
quang hop, trong khi khong thay tic dung & nong d6 0,1 mM trén ddi twong U. rigida
[98]. Trong nghién ctru nay, nong dd H-0: trong khoang 0 dén 2,25 mg/L, cing véi
noéng d6 NOs~ & mau H30 khi xir 1y plasma va b6 sung dinh dudng dat 55 ppm, vuot
ngudng toi wu theo nghién ctiru ctia Guo va cong su (2015). Piéu nay cho thiy két
qua H25 va H30 c6 thé do ngd ddc nitrogen trong qué trong nudi rong.

Nhitng tac dong tich cuc cua viéc xir Iy bang nudce hoat hda plasma (PAW)
d6i vai trong luong kho, ham luong chlorophyll, carotenoid da duoc ching minh &
nhiéu dbi twong khéac nhau. Trong nghién ciru cua Ling va cong su, Su gia ting trong
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lwong khd cua than va ré (lan luot 14 21,95 % va 27,51 %) cua cdy dau tuong so voi
nhom dbi chitng khong xir Iy [110]. Tuong tu, Kuéerova va cong su di ghi nhan ham
luong diép luc cua lia mi ting 17 % sau khi cay duogc tudi bang PAW hoat hoa trong
2 phat mL/1 [73]. Manniruzzaman va cong su (2017) cling ghi nhan hiéu qua tich cuc
cia PAW déi véi ham lwong diép luc & cay lGa mi [93]. Trong nghién ciu vé cay
Solanum lycopersicum, PAW30 lam ting tong lwong chlorophyll hon 20%. Ngugc
lai, PAW60 gay giam ham luong chlorophyll téng so véi dbi ching, chu yéu do su
suy giam chlorophyll a. Hién tuong nay duogc ly giai boi sy khoi phét caa trang thai
cang thang hoic tac dong doc tinh tir cac loai oxy phan tng va nito (RONS) [25].
Hay vao nim 2019, Seema va cong sy di nghién ctru anh huéng PAW dén vi tao, két
qua cling cho thay cac gdc ROS thiic day nang suat sinh khdi va chlorophyll. Cy thé
& mau xu Iy véi PAW (nudc plasma hoat hoa ning suét sinh khéi 1a 311 + 58 mg/l
trong khi d6 nudc khir khoang (DM water) gan 10 + 5 mg/l hay mau dung dich PAW
(nuéc plasma hoat héa) nong do diép luc ting tir 0,9 mg/l vao ngay 1 1én 7 + 2 mg/I
vao ngay thir 6 [76].

Nghién ctzu nay cho thay xt Iy C. lentillifera bang nuéc bién hoat hda plasma
(PASW) trong khoang thoi gian 20-30 phat mang lai hiéu qua tich cuc trong viéc
tang ham luong chlorophyll, carotenoid va ty 18 tich lity chat khé. Hon nita, khi két
hop Véi viéc cung cap mot nira lugng dinh dudng thong thuong, cy phét trién tot
hon ddng thoi giam dwoc thoi gian hoat hoa plasma. Nguoc lai, kéo dai thoi gian xu
ly plasma c6 thé gy suy giam cac chi s6 trén. Nhiing két qua nay ciing cho thay
PASW c6 tiém ning duoc sir dung nhu mot nguon nitrogen “xanh” thay thé trong
nudi trong rong nho.

3.3.TAC PONG CUA PASW DEN SU BIEN POI HAM LUQNG CAC HQP
CHAT SINH HOC TRONG RONG NHO

3.3.1. Ham luwgng protein

Anh huong PASW dén mot sé hop chat trong rong nho sau 7, 14 ngay nudi
cling dugc danh gia thong qua viéc phan tich ham luong protein, TPC va TFC. Nhu
thé hién & hinh 3.9, khong chi cai thién sinh khdi, ham luong protein ciing gia ting
dang & c&c mau ¢ nhom plasma va nhém bo sung dinh dudng két hop véi xi Iy
plasma. Cu thé, trong nhom dbi chang (Ctrl), PO cho thdy muc d6 thay doi thap nhat
(10,39 % sau 7 ngay va 10,10 % sau 14 ngay). Trong khi dé, khi bo sung 1/2 dinh
dudng (HO) lam ting mirc d6 thay doi Ién khoang 1,2 l1an (22,24 % sau 7 ngay va
20,38 % sau 14 ngay) va 100 % dinh dudng (FO) mang lai két qua tét nhat, véi mic
thay doi tang 1én gan 1,2 lan (21,48 % sau 7 ngay va 36, 88 % sau 14 ngay) S0 V4i
mau PO. Nhém PASW (P5 - P30) cho thay mirc do thay d6i ting dan theo thoi gian
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xir ly, ching t6 tac dong tich liy cua PASW, véi P30 dat két qua tét nhat, ting khoang
1,31 1an (31,39 % sau 7 ngay va 33,53 % sau 14 ngay) so mau PO, nhu thé hién &
hinh 3.9a. Tuy nhién, nhém H+PASW (H5-H30) cho thay hiéu qua vuot troi, voi H15
(13,910 % DWI/ g sau 7 ngay va 13,917 % DW/ g sau 14 ngay) va H20 (14,023 %
DW/ g sau 7 ngay va tang khoang 0,63 % sau 14 ngay). Tuy nhién, thoi gian xa ly
qua dai (H25 va H30) lai dan dén giam ham luwong protein (10,83 - 9,79 % DW/ g sau
7 ngay va 6,04 - 5,69 sau 14 ngay), giam xudng dudi mic ban dau. Hon nita, ham
lugng protein thé C. lentillifera trong nghién ctru dao dong tuir 5.20 - 15.77 % tuong
duong véi cac pham vi tir 12,5 dén 14,76 % duoc bao cdo cua Syakilla va cong sy
(2022) [94]. Hon nira, C4c gia tri nay vé co ban giéng vai cac gié tri duoc béo co bai
Tang va cong su, véi 9,22 % protein thé [102]. Vao nam 2025, Zhou va cac cong su
da xac dinh ham lwong protein trong rong nho ¢ Nha Trang la 12,53% [103].
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Hinh 3.9. Ham luong Protein (% DWI/Qg). a) Nubi truc tiép trong PASW b) Nubi
trong PASW két hop dinh dudng, tai cac thoi diém 7, 14 ngay sau nudi. Cac chit cai
khac nhau biéu thi su khac biét c6 y nghia théng ké ¢ murc p<0,05.
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Ghi chl: PO: nudce bién nhan tao, HO: nuwde bién nhdn tao chira 21.5 ppm
nitrate va 6.8 ppm phosphate, FO: nude bién nhdn tao chira 43 ppm nitrate va 13.6
ppm phosphate, P5 - P30: Nuéi truc tiép trong PASW, H5 - H30: Nudi trong PASW
két hop véi dinh dwdng.

3.3.2. Ham luwong phenolic tong va ham lwong flavonoid

Hop chét phenolic va flavonoid, duoc biét dén véi hoat tinh sinh hoc cao va
loi ich strc khoe da dang hién dién phong pha trong rong bién. Cac hop chit nay déng
vai trd quan trong trong viéc bao vé rong bién khoi stress oxy hoa thong qua kha ning
chéng oxy hoéa manh mé, gitp can biang céc gdoc ty do noi sinh, trong d6 phenolic
dong vai tro chi dao. Stress oxy héa c6 thé xay ra ¢ rong nho do méi trudng séng
ngheo dinh dudng hoic do tiép xlc voi cac chat oxy hoa trong PASW, dan dén sy gia
ting ndong d6 ROS (cac goc oxy hoa tu do). Két qua twong tu ciing duoc thy trong
nghién ctru caa Kuderova va cong su (2021) khi SOD mau d6i chimg cao hon so véi
mau duoc xir Iy véi plasma [59].

Theo nghién cuu cua Bhawana va cong su, khi lwong ROS néi sinh tang 1én lac
nay hé théng phong thi cua cay s& duoc kich hoat (phan wng stress oxy hoa) va cac
enzyme quan trong nhu SOD, POD va CAT dong vai tro chinh trong hé théng phong
tha nay. La tuyén phong tha dau tién chéng lai ROS, SOD déng vai trd quan trong
trong viéc ngan ngira tinh trang san xuat qua mic ROS. Cu thé, SOD c¢6 thé xuc tac
O2 thanh H202 (hydro peroxide). Sau do, H202 va NO (nitric oxide) tuwong tac vai
nhau dé diéu chinh viéc san xuat phytohormone (hormone thuc vat) trong té bao [104].
Cac phytohormone nay, bao gém SA, JA, ethylene va brassinosteroid, kich hoat hé
thdng phong thi SAR (tinh khang hé théng dugc hoat héa). Vi duy, JA, mot
phytohormone phong vé, duoc tao ra thong qua cac con duong octadecanoid, sir dung
axit linolenic 1am 1am tién chét. JA thuc day qué trinh tong hop flavonoid va cac hop
chat phenolic khac. Khi JA duoc kich thich qué trinh tong hop flavonoid va phenolic
trong thyc vat s€ tang 1én [105]. Bén canh do, ham lugng phenolic va flavonoid trong
thuc vat c6 thé giam do sy mat tinh toan ven mang té bao do su stress oxy héa qué
muc[22,106]. Mot s6 loai rong bién da dugc xac nhan chita cac phytohormone nhu
SA, JA, ethylene va brassinosteroid [107] — tir d6 dua ra gia thuyét rang PASW c¢6
kha ning tac dong dén rong nho thong qua co ché twong tw nhu & thuc vat bat cao.

Dya trén hinh 3.10 va 3.11, xu huéng bién d6i ham lugng phenolic va
flavonoid dugc ghi nhan 1a kha dong nhét. Sau 7 ngay, ham lugng TPC va TFC trong
cac nhom xir 1y plasma va H + plasma c6 su gia ting nhe so véi mau PO. Cy thé, mau
PO ¢6 ham luong TPC 1a 4,64 + 0,21 mg GAE/g va TFC 1a 3,94 £ 0,13 mg QFE/g, cao
hon so véi mau FO (lén lugt dat 4,12 £ 0,02 mg GAE/g va 2,32 + 0,14 mg QE/g).
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DPdi v6i nhom PASW, mau P30 ghi nhan ham lugng TPC va TFC lan luot 1a
4,35 + 0,03 mg GAE/g va 3,54 + 0,10 mg QE/g, cao hon ~ 1,03 lan va thip hon ~
0,90 1an so v6i mau PO (hinh 3.10 va 3.11a). Trong nhém H+PASW, & mau H5 véi
TPC dat 4,21 + 0,04 mg GAE/g va TFC ¢ mirc 2,71 + 0,77 mg QE/g, ciing nhu mau
H20, v6i TPC va TFC lan luot 12 4,18 + 0,02 mg GAE/g va 2,79 + 0,01 mg QE/g.
DPdng thoi, mau H30 lai ¢6 ham lugng TPC va TFC thap nhit trong cac nhém. Xu
huéng bién ddi nay duoc quan sat rd rang & ca ham lugng TPC va TEC sau 14 ngay
(hinh 3.10 va 3.11b).

Két qua cta nghién ctu nay co su twong dong voi Fan va cong sy (2020) khi
TPC va TFC & mau PAW15 tang dang ké lan luot 14 3,53 % va 2,22 % (p < 0,05), SO
v6i nhém ddi ching. Tuy nhién, khi thoi gian tiép xdc véi plasma kéo dai dén 90 giay
(PAW90), ham luong tong phenolic va flavonoid giam dang ké xudng con 3,68 mg
GAE/g DW va 1,72 mg RE/g DW, thap hon so véi mau trdng trong nudc cat [22].
Theo nghién ciu cua Mildaziene va cong su (2018) cho thay su gia ting dang ké cac
acid phenolic (cichoric acid, caftaric acid va chlorogenic acid), vitamin C va hoat
dong don géc tu do cua hat hoa nén tim sau mét thoi gian ngin xu 1y véi hoat hoa
plasma, diéu nay co thé c6 loi dé cai thién phan ang phong vé chdng lai cac diéu kién
bt loi [108]. Ngoai ra, Chen va cong su (2019) ciing chi ra rang viéc diéu chinh qua
trinh chuyén hoa phenolic dong vai trd nhu mot phan tmg ddi voi ton thuong oxy hoa
do cang thang kim loai ning gay ra [109]. Bén canh dé, ozone phén ttr c6 thé lam suy
giam céc hop chat phenolic théng qua viéc pha v& cac vong thom cua ching [110].
Sy bién tinh cua enzyme phenylalanine ammonialyase, vén 1a yéu té chinh trong qué
trinh téng hop phenolic, ciing duoc cho 12 nguyén nhan khién tac dong cua plasma
lanh d6i véi TPC va TFC suy giam [111].
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Hinh 3.10. Ham luong TPC (mg GAE/ g DW). a) Nuéi truc tiép trong PASW

b) Nudi trong PASW két hop dinh dudng, tai cac thoi diém 7, 14 ngay sau nuéi.

Céc chit cai khac nhau biéu thi su khac biét ¢6 ¥ nghia thong ké & murc p<0,05.
Ghi cha: PO: nudc bién nhéin tao, HO: nudc bién nhéan tao chira 21,5 ppm
nitrate va 6,8 ppm phosphate, FO: nuéc bién nhan tao chira 43 ppm nitrate va 13,6
ppm phosphate, P5 - P30: Nudi truc tiép trong PASW, H5 - H30: Nudi trong PASW

két hop véi dinh dwdng.
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Hinh 3.11. Ham luong TFC (mg QE/g DW). a) Nudi truc tiép trong PASW b) Nubi
trong PASW két hop dinh dudng, tai cac thoi diém 7, 14 ngay sau nudi. Cac chir cai
khac nhau biéu thi sy khic biét co y nghia thong ké & mirc p<0,05.

Ghi chl: PO: nudc bién nhén tao, HO: nude bién nhdn tao chira 21,5 ppm
nitrate va 6,8 ppm phosphate, F0: nuéc bién nhén tao chita 43 ppm nitrate va 13,6
ppm phosphate, P5 - P30: Nudi truc tiép trong PASW, H5 - H30: Nudi trong PASW
két hop véi dinh dwdng.

Nhin chung, viéc ng dung PASW da mang lai nhiing tac dong tich cuc dang
ké dbi véi su phat trién cua rong nho (Caulerpa lentillifera). Bac biét, khi két hop
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PASW véi viée bd sung dinh dudng, hiéu qua ndy cang duoc nang cao rd rét, ching
t6 sy hiép dong manh mé giita hai phwong phap. Cu thé, cac chi s quan trong nhu
ham luong protein, TPC, TFC va diép luc déu ghi nhén su gia ting dang ké ¢ cac miu
rong nho dugc xtr 1y. Diéu nay cho thiy ring PASW khong chi thuc ddy sy ting
truong vé mit sinh khdi ma con cai thién dang ké cac hop chit sinh hoc c6 gia tri
trong rong nho.

Trong d6, nhém H + PASW (H5-H20) (nhém két hop b6 sung dinh dudng va
xir Iy plasma) cho thay hi¢u qua vuot trdi hon so véi cic nhom xir 1y riéng 1¢. Didu
nay khang dinh rang viéc két hop hai phuong phap nay da tao ra mot méi trudng t6i
u, gitip rong nho phat trién manh mé va tich lity cac hop chét sinh hoc mét cach hiéu

qua nhat, dong thoi giam luong hoa chat vo co.
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KET LUAN VA KIEN NGHI

Két ludn

Tir cac két qua phan tich trong nghién ctru nady mot sb két luan dugce dwa ra nhu sau:

Di xdy dung thanh cong hé plasma DBD st dung khong khi cho viéc ché tao
nude bién hoat hoa plasma. Bén canh d6, mot sb dic tinh 1y hoa cia PASW ciing
duoc phén tich voi ham lwgng NO,-, NOs-, H202 ", O3 ting dan theo thoi gian
hoat hoa, trong khi van duy tri d6 pH nam trong khoang thuén loi cho sy phat
trién ctia Caulerpa lentillifera.

Viéc két hop xtr 1y plasma véi b sung dinh dudng 1a phuong phap hiéu qua nhim
thic day sy ting trudng va phat trién rong nho, thé hién qua cac chi s6 nhu ting
trong luong, toc d6 ting truong, tich liy chat kho, dong thoi duy tri ham luong
chlorophyll va carotenoid, trong ¢6 mau H20 cho két qua vuot troi. Bén canh do,
viéc nudi trong trong PASW két hop bo sung dinh dudng giup giam luong nito
tir phan bon vo co trong qua trinh nudi trong, tiét kiém thoi gian va cong suat khi
van hanh hé thong. Pong thdi nhan manh vai tro thiét yéu cua nitrogen va céac
gbc oxy phan ung (RONS) trong diéu tiét cic qua trinh trao doi chat va quang
hop.

Nudi trong trong PASW hoidc PASW két hop dinh dudng di chirmg minh tac dong
tich cuc dén ham luong mot s6 hop chat hiru co nhu protein tong, phenolic tong
va flavonoid, thong qua co ché kich hoat qua trinh stress oxy hoa ¢ cdy. Hiéu qua
6n dinh dugc ghi nhan & cac mau xur 1y plasma két hop bd sung dinh dudng trong
khoang thoi gian 15-20 phit, véi ham lugng protein tang 1én dén 2,3 1an so vai
dbi chung, ciing voi sy gia ting ham lugng flavonoid va phenolic theo thdi gian
xu ly.

Tuy nhién, nghién ctru cling chi ra rang néng do nitrogen qua cao hoic thoi gian
xtr Iy plasma kéo dai qua muc c6 thé gy stress oxy hoa, lam suy giam kha ning
quang hop va anh hudng tiéu cuc dén su ting trudng ciia rong nho, déng thoi dan
dén hién tuong mau sac nhat hon va gidm ham lugng céac hop chit hitu co, cu thé
& mau H25 va H30.
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Kién nghi

bé¢ dat hi€éu qua cao, nghién ctru c6 mdt s6 kién nghi sau:

Khao sat thém mat sb chi tiéu nhu enzyme, cacbonhydrat, mot s6 hop chat khac
dé hiéu 13 co ché tac dong va dap tng cua cdy trong diéu kién thi nghiém nay.
Khao st tic dong don 1é cla nitrate, hydro peroxide va ozon nhirng thanh phan
hién dién trong PASW dé hiéu vai tro doc lap cta cac yéu té nay dén qua trinh
sinh truéng va phat trién ciia rong nho.

Xay dung quy trinh nudi trong rong nho dya trén PASW dé phat trién san phdm
quy mé cong nghiép voi chi phi thap, hiéu qua cao va than thién véi méi trudng.
Thur nghiém PASW trén céc loai rong bién khéac hodc thuc vat thuy sinh nham
danh gia tiém ning Gmg dung rong rii hon cta phuong phap nay.

Tang thoi gian nudi dé so sanh cac phuong phap nudi truyén thong (thu hoach).
Khao sat du luong nitrate dé xac nhéan tinh an toan PASW dén san pham cudi
cung.
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PHU LUC

Nhom xir ly véi plasma

Descriptives
95% Confidence
Interval for Mean
Std. Std. Lower Upper
N | Mean | Deviation | Error Bound Bound Minimum
Weight 7 PO 3| 7127 .18418| .10633 .2551 1.1702 .50
FO 3| 1.6977 34539 | .19941 .8397 2.5557 1.46
P5 3| .9470 .02107| .01217 .8947 .9993 .93
P10 3| 1.0560 .27480| .15866 3734 1.7386 .84
P15 3| 1.4660 .04045| .02335 1.3655 1.5665 1.44
P20 3| 1.5613 .08411| .04856 1.3524 1.7703 1.47
P25 3| 1.7783 .02650| .01530 1.7125 1.8442 1.76
P30 3] 1.8143 .16954| .09788 1.3932 2.2355 1.65
Total 24| 1.3792 42802 | .08737 1.1984 1.5599 .50
Weight 14  |PO 3| 1.2647 .06313| .03645 1.1078 1.4215 1.20
FO 3] 2.1870 .06051| .03493 2.0367 2.3373 2.12
P5 3| 1.3647 .08295| .04789 1.1586 1.5707 1.27
P10 3| 1.5450 11175| .06452 1.2674 1.8226 1.42
P15 3| 1.8457 07694 | .04442 1.6545 2.0368 1.76
P20 3| 2.2307 21461 .12391 1.6975 2.7638 1.99
P25 3| 2.5227 .13147| .07591 2.1961 2.8493 241
P30 3| 2.6263 31612 | .18251 1.8410 3.4116 2.28
Total 24| 1.9483 51562 | .10525 1.7306 2.1661 1.20
SGR 7 PO 3| .7487 .12148| .07013 4469 1.0504 .67
FO 3] 1.7300 20174 .11648 1.2288 2.2312 1.54
P5 3| .9693 27097 | .15644 .2962 1.6424 71
P10 3| 1.1363 43552 | .25145 .0545 2.2182 .64
P15 3| 1.5143 .39558 | .22839 5317 2.4970 1.10
P20 3| 1.7617 30743 .17749 .9980 2.5254 1.41
P25 3| 1.7113 .50560 | .29191 4554 2.9673 1.20
P30 3| 1.9110 63173 | .36473 3417 3.4803 1.25
Total 24| 1.4353 .52290| .10674 1.2145 1.6561 .64
SGR 14 PO 3| .6767 .18800| .10854 .2097 1.1437 .53
FO 3| 1.7300 20174 | .11648 1.2288 2.2312 1.54
P5 3| .9237 31740 .18325 1352 1.7121 .65
P10 3| .9050 .20268| .11702 4015 1.4085 .68
P15 3| .9813 .20412| .11785 4743 1.4884 .86
P20 3| 1.1680 .09663 | .05579 .9280 1.4080 1.08
P25 3| 1.1723 .26243| 15151 5204 1.8242 .97
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P30 3| 1.2107 51351 | .29648 -.0650 2.4863 75
Total 24| 1.0960 37571 | .07669 9373 1.2546 .53
Dry 7 PO 3| 2.7343 .07063 | .04078 2.5588 2.9097 2.66
FO 3| 3.2304 .04211| .02431 3.1258 3.3350 3.19
P5 3| 2.8820 .14511| .08378 2.5215 3.2425 2.79
P10 3| 3.0252 .05398| .03117 2.8911 3.1593 2.99
P15 3| 3.1822 .07073| .04084 3.0065 3.3579 3.10
P20 3| 3.3521 .06142 | .03546 3.1995 3.5047 3.29
P25 3| 3.4084 17420 | .10058 2.9756 3.8411 3.27
P30 3| 3.4687 .12305| .07104 3.1630 3.7744 3.37
Total 24| 3.1604 .26359 | .05381 3.0491 3.2717 2.66
Dry 14 PO 3| 3.1279 17463 | .10083 2.6941 3.5618 2.99
FO 3| 3.7295 .09455| .05459 3.4947 3.9644 3.65
P5 3] 3.1500 17814 .10285 2.7074 3.5925 2.94
P10 3] 3.2165 .20928| .12083 2.6966 3.7363 3.01
P15 3| 3.4260 .10016| .05783 3.1772 3.6748 3.31
P20 3| 3.5661 .07535| .04350 3.3789 3.7532 3.50
P25 3] 3.7481 .14513| .08379 3.3876 4.1086 3.63
P30 3] 3.6208 21220 12251 3.0937 4.1479 341
Total 24| 3.4481 27733 | .05661 3.3310 3.5652 2.94
Chlorophyll |PO 3| 1.2782 .01446 | .00835 1.2423 1.3141 1.27
7 FO 3] 1.4601 .03941| .02275 1.3622 1.5580 1.42
P5 3] 1.3173 .02317| .01338 1.2598 1.3749 1.29
P10 3| 1.3754 .10215| .05898 1.1217 1.6292 1.30
P15 3| 1.4080 .03777| .02181 1.3142 1.5019 1.37
P20 3| 1.4907 .08663| .05002 1.2755 1.7059 1.40
P25 3] 1.5501 .01401| .00809 1.5153 1.5849 1.53
P30 3| 1.4284 .04427| .02556 1.3184 1.5383 1.39
Total 24| 1.4135 .09686 | .01977 1.3726 1.4544 1.27
Chlorophyll |PO 3] 1.3588 .09995| .05771 1.1105 1.6071 1.29
14 FO 3] 1.5327 .08533| .04927 1.3208 1.7447 1.47
P5 3| 1.3448 .02351| .01358 1.2864 1.4032 1.33
P10 3| 1.4608 .10485| .06054 1.2004 1.7213 1.37
P15 3] 1.4593 .10277| .05933 1.2040 1.7146 1.38
P20 3] 1.5504 12814 | .07398 1.2320 1.8687 1.46
P25 3| 1.5694 11858 | .06846 1.2749 1.8640 1.44
P30 3| 1.6007 .02470| .01426 1.5394 1.6621 1.58
Total 24| 1.4846 12026 | .02455 1.4338 1.5354 1.29
TFC7 PO 3] 3.9389 12509 | .07222 3.6281 4.2496 3.82
FO 3| 2.3167 14814 | .08553 1.9487 2.6847 2.15
P5 3| 3.1389 .03469 | .02003 3.0527 3.2251 3.10
P10 3| 2.9556 .15031| .08678 2.5822 3.3289 2.80
P15 3] 3.1722 .26943| .15556 2.5029 3.8415 2.88
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P20 3| 3.2333 .08819 | .05092 3.0143 3.4524 3.13
P25 3| 3.5000 .10408 | .06009 3.2414 3.7586 3.42
P30 3| 3.5389 .10585| .06111 3.2759 3.8018 3.42
Total 24| 3.2243 47102 | .09615 3.0254 3.4232 2.15
TFC 14 PO 3| 45778 .38490 | .22222 3.6216 5.5339 4.13
FO 3| 2.3167 .02887| .01667 2.2450 2.3884 2.28
P5 3| 3.0611 35642 | .20578 2.1757 3.9465 2.65
P10 3| 3.2722 28496 | .16452 2.5643 3.9801 3.08
P15 3| 2.9333 .60093 | .34694 1.4406 4.4261 2.27
P20 3| 3.5222 33389 | .19277 2.6928 4.3516 3.27
P25 3| 3.3956 40532 | .23401 2.3887 4.4024 3.03
P30 3| 3.6333 .08819| .05092 3.4143 3.8524 3.53
Total 24| 3.3390 .68689 | .14021 3.0490 3.6291 2.27
TPC7 PO 3| 4.2204 .04108| .02372 4.1183 4.3224 4.17
FO 3] 3.9029 .04893| .02825 3.7814 4.0245 3.85
P5 3| 4.3397 .03646 | .02105 4.2491 4.4303 431
P10 3| 4.4662 .03715| .02145 4.3739 4.5585 4.43
P15 3] 4.3890 .03674| .02121 4.2977 4.4803 4.36
P20 3] 4.4399 21112 12189 3.9155 4.9644 4.28
P25 3| 4.6404 .06044 | .03490 4.4903 4.7906 4.59
P30 3| 4.5227 04773 | .02756 4.4041 4.6412 4.47
Total 24| 4.3652 22592 | .04612 4.2698 4.4606 3.85
TPC 14 PO 3] 4.6404 21430 .12372 4.1081 5.1728 4.44
FO 3| 4.1217 .01658 | .00957 4.0805 4.1629 411
P5 3| 4.1965 .02085| .01204 4.1447 4.2483 4.18
P10 3] 4.2768 .02990| .01727 4.2026 4.3511 4.25
P15 3] 4.3580 .04609| .02661 4.2435 4.4725 431
P20 3| 4.4479 .07556 | .04362 4.2602 4.6356 4.38
P25 3| 4.2697 .03467| .02002 4.1836 4.3558 4.23
P30 3| 4.3453 .02984| .01723 4.2711 4.4194 4.32
Total 24| 4.3320 .16832| .03436 4.2610 4.4031 411
Protein 7 PO 3| 10.398 .05540| .03199 10.2604 10.5356 10.35
0
FO 3| 12.626 .03588| .02071 12.5377 12.7160 12.60
9
P5 3| 10.441 .07059 | .04076 10.2658 10.6165 10.38
1
P10 3] 13.174 .05970| .03447 13.0258 13.3224 13.11
1
P15 3| 13.708 .07198 | .04156 13.5293 13.8869 13.66
1
P20 3| 13.675 .05480| .03164 13.5388 13.8111 13.61
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P25 3| 13.479 .07198| .04156 13.3005 13.6581 13.43
3
P30 3| 13.658 .52889 | .30536 12.3445 14.9722 13.33
4
Total 24| 12.645 1.36594 | .27882 12.0683 13.2219 10.35
1
Protein 14 PO 3| 10.102 84772 | .48943 7.9970 12.2087 9.12
8
FO 3| 13.832 27005 .15591 13.1617 14.5033 13.67
5
P5 3| 11.995 J7374 | 44672 10.0729 13.9171 11.33
0
P10 3| 14.426 .50020| .28879 13.1836 15.6688 13.87
2
P15 3| 13.494 .56606 | .32681 12.0880 14.9004 12.97
2
P20 3| 13.849 .67912| .39209 12.1620 15.5361 13.12
1
P25 3| 13.600 .05745| .03317 13.4576 13.7430 13.57
3
P30 3| 13.490 46227 | .26689 12.3425 14.6392 13.11
9
Total 241 13.098 1.41629| .28910 12.5008 13.6969 9.12
9
Carotenoid [P0 3| .2747 .00353| .00204 .2659 .2834 27
7 FO 3| .3411 .00517| .00298 .3283 .3540 .34
P5 3| .3112 .00557| .00322 2974 3251 31
P10 3| .3037 .01267| .00731 2722 3351 .29
P15 3| .3133 .01677| .00968 2717 .3550 .29
P20 3| .3109 .00871| .00503 .2893 3326 .30
P25 3| .3203 .01245| .00719 .2893 3512 31
P30 3| .3310 .01049 | .00606 .3049 .3570 .32
Total 24| 3133 .02075| .00424 .3045 .3220 27
Carotenoid |PO 3| .3046 .00605| .00349 .2896 3197 .30
14 FO 3| .3253 .01017| .00587 .3001 .3506 .32
P5 3| .3271 .00500| .00289 3146 .3395 .32
P10 3| .3168 .01089| .00629 .2898 .3438 31
P15 3| .3228 .00635| .00367 .3070 .3386 .32
P20 3| .3232 .00317| .00183 .3153 3311 .32
P25 3| .3207 .01634 | .00944 .2801 .3613 .30
P30 3| .3320 .02220| .01282 2768 .3872 .32
Total 24| .3216 .01250| .00255 .3163 .3268 .30
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ANOVA
Sum of
Squares df Mean Square F Sig.
Weight 7 Between Groups 3.679 7 526 15.727 .000
Within Groups 535 16 .033
Total 4.214 23
Weight 14 Between Groups 5.723 7 .818 33.331 .000
Within Groups .392 16 .025
Total 6.115 23
SGR7 Between Groups 3.840 7 .549 3.585 .016
Within Groups 2.449 16 153
Total 6.289 23
SGR 14 Between Groups 2.044 7 292 3.884 012
Within Groups 1.203 16 .075
Total 3.247 23
Dry 7 Between Groups 1.428 7 204 19.202 .000
Within Groups 170 16 011
Total 1.598 23
Dry 14 Between Groups 1.375 7 .196 7.989 .000
Within Groups .394 16 .025
Total 1.769 23
Chlorophyll 7 | Between Groups .168 7 .024 8.067 .000
Within Groups .048 16 .003
Total 216 23
Chlorophyll Between Groups 192 7 027 3.109 .029
14 Within Groups 141 16 .009
Total 333 23
TFC 7 Between Groups 4.775 7 .682 33.318 .000
Within Groups .328 16 .020
Total 5.103 23
TFC 14 Between Groups 8.848 7 1.264 10.093 .000
Within Groups 2.004 16 125
Total 10.852 23
TPC 7 Between Groups 1.057 7 151 20.590 .000
Within Groups A17 16 .007
Total 1.174 23
TPC 14 Between Groups 537 7 077 10.676 .000
Within Groups 115 16 .007
Total 652 23
Protein 7 Between Groups 42.301 7 6.043| 157.987 .000
Within Groups 612 16 .038
Total 42.913 23




63

Protein 14 Between Groups 40.857 7 5.837 17.693 .000
Within Groups 5.278 16 .330
Total 46.135 23

Carotenoid 7 | Between Groups .008 7 .001 10.985 .000
Within Groups .002 16 .000
Total .010 23

Carotenoid 14 |Between Groups .001 7 .000 1.468 247
Within Groups .002 16 .000
Total .004 23

Weight 7
Tukey HSD?
Subset for alpha = 0.05

Mau N 1 2 3

PO 3 7127

P5 3 .9470

P10 3 1.0560 1.0560

P15 3 1.4660 1.4660

P20 3 1.5613 1.5613

FO 3 1.6977

P25 3 1.7783

P30 3 1.8143

Sig. .350 .058 .334

Weight 14
Tukey HSD?
Subset for alpha = 0.05

Miu N 1 2 3 4

PO 3 1.2647

P5 3 1.3647

P10 3 1.5450 1.5450

P15 3 1.8457 1.8457

FO 3 2.1870 2.1870

P20 3 2.2307 2.2307

P25 3 2.5227

P30 3 2.6263

Sig. 404 .326 114 .053
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SGR7
Tukey HSD?
Subset for alpha = 0.05
Mau 1 2
PO 3 7487
P5 3 .9693 .9693
P10 3 1.1363 1.1363
P15 3 1.5143 1.5143
P25 3 1.7113 1.7113
FO 3 1.7300 1.7300
P20 3 1.7617 1.7617
P30 3 1.9110
Sig. .085 127
SGR 14
Tukey HSD?
Subset for alpha = 0.05
Mau 1 2
PO 3 6767
P10 3 .9050
P5 3 .9237
P15 3 .9813 .9813
P20 3 1.1680 1.1680
P25 3 1.1723 1.1723
P30 3 1.2107 1.2107
FO 3 1.7300
Sig. 311 .062
Dry 7
Tukey HSD?
Subset for alpha = 0.05
Mau 1 2 3
PO 3 2.7343
P5 3 2.8820
P10 3 3.0252 3.0252
P15 3 3.1822 3.1822
FO 3 3.2304 3.2304
P20 3 3.3521
P25 3 3.4084
P30 3 3.4687
Sig. .051 287 .056
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Dry 14

Tukey HSD?
Subset for alpha = 0.05
Mau 1 2 3
PO 3 3.1279
P5 3 3.1500
P10 3 3.2165 3.2165
P15 3 3.4260 3.4260 3.4260
P20 3 3.5661 3.5661 3.5661
P30 3 3.6208 3.6208
FO 3 3.7295
P25 3 3.7481
Sig. .054 .088 .256
Chlorophyll 7
Tukey HSD?
Subset for alpha = 0.05
Mau 1 2 3 4
PO 3 1.2782
P5 3 1.3173 1.3173
P10 3 1.3754 1.3754 1.3754
P15 3 1.4080 1.4080 1.4080 1.4080
P30 3 1.4284 1.4284 1.4284 1.4284
FO 3 1.4601 1.4601 1.4601
P20 3 1.4907 1.4907
P25 3 1.5501
Sig. .059 .080 .230 .083
Chlorophyll 14

Tukey HSD?

Subset for

alpha = 0.05

Miu 1
P5 3 1.3448
PO 3 1.3588
P15 3 1.4593
P10 3 1.4608
FO 3 1.56327
P20 3 1.5504
P25 3 1.5694
P30 3 1.6007
Sig. .063
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TFC7

Tukey HSD?

Subset for alpha = 0.05
Mau 1 2 3 4
FO 3 2.3167
P10 3 2.9556
P5 3 3.1389 3.1389
P15 3 3.1722 3.1722
P20 3 3.2333 3.2333
P25 3 3.5000
P30 3 3.5389 3.5389
PO 3 3.9389
Sig. 1.000 314 .054 .054

TFC 14
Tukey HSD?
Subset for alpha = 0.05
Mau 1 2 3
FO 3 2.3167
P15 3 2.9333 2.9333
P5 3 3.0611 3.0611
P10 3 3.2722 3.2722
P25 3 3.3956
P20 3 3.5222
P30 3 3.6333 3.6333
PO 3 45778
Sig. .067 294 072
TPC7

Tukey HSD?

Subset for alpha = 0.05
Miu 1 2 3 4
FO 3 3.9029
PO 3 4.2204
P5 3 4.3397 4.3397
P15 3 4.3890 4.3890
P20 3 4.4399 4.4399 4.4399
P10 3 4.4662 4.4662
P30 3 45227 45227
P25 3 4.6404
Sig. 1.000 .090 219 145
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TPC 14
Tukey HSD?
Subset for alpha = 0.05
Mau 1 2 3
FO 3 4.1217
P5 3 4.1965
P25 3 4.2697 4.2697
P10 3 4.2768 4.2768
P30 3 4.3453 4.3453
P15 3 4.3580 4.3580
P20 3 4.4479 4.4479
PO 3 4.6404
Sig. .055 234 .168
Protein 7
Tukey HSD?
Subset for alpha = 0.05
Mau 1 2 3
PO 3| 10.3980
P5 3| 104411
FO 3 12.6269
P10 3 13.1741| 13.1741
P25 3 13.4793
P30 3 13.6584
P20 3 13.6750
P15 3 13.7081
Sig. 1.000 .053 .062
Protein 14
Tukey HSD?
Subset for alpha = 0.05
Mau 1 2 3
PO 3| 10.1028
P5 3 11.9950
P30 3 13.4909| 13.4909
P15 3 13.4942| 13.4942
P25 3 13.6003| 13.6003
FO 3 13.8325
P20 3 13.8491
P10 3 14.4262
Sig. 1.000 054 514
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Carotenoid 7
Tukey HSD?
Subset for alpha = 0.05
Mau 1 2 3
PO 3 2747
P10 3 .3037 .3037
P20 3 .3109
P5 3 3112
P15 3 3133 .3133
P25 3 .3203 .3203
P30 3 3310 .3310
FO 3 3411
Sig. .052 075 .068
Carotenoid 14
Tukey HSD?
Subset for
alpha = 0.05
Mau 1
PO 3 .3046
P10 3 .3168
P25 3 3207
P15 3 .3228
P20 3 .3232
FO 3 .3253
P5 3 3271
P30 3 .3320
Sig. 145
Nhém xir Iy plasma két hop dinh dudng
Descriptives
95% Confidence
Interval for Mean
Std. Std. Lower Upper
N Mean Deviation | Error Bound Bound Minimum
Weight 7 HO 3| 1.2597 .17557| .10136 .8235 1.6958 1.11
FO 3| 1.6977 .34539| .19941 .8397 2.5557 1.46
H5 3] 16133 .06643| .03835| 1.4483 1.7783 1.57
H10 3| 1.8617 11927 | .06886| 1.5654 2.1580 1.72
H15 3| 2.0797 .09264| .05348| 1.8495 2.3098 1.98
H20 3| 2.3157 10584 | .06111| 2.0527 2.5786 2.20
H25 3| 16210 13908 | .08030| 1.2755 1.9665 1.53
H30 3] 1.5603 18893 | .10908| 1.0910 2.0297 1.42
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Total 24| 17511 .34603| .07063| 1.6050 1.8972 111
Weight 14 | HO 3] 1.7053 10337 | .05968| 1.4486 1.9621 1.59
FO 3| 2.1870 .06051| .03493| 2.0367 2.3373 2.12
H5 3|  2.2457 15643 | .09031| 1.8571 2.6343 2.07
H10 3] 2.5203 22429 | .12949| 1.9632 3.0775 2.27
H15 3| 27780 24627 | .14218| 2.1662 3.3898 2.50
H20 3] 3.1783 23482 | .13557| 2.5950 3.7617 2.93
H25 3| 14747 18277 | .10552| 1.0206 1.9287 1.28
H30 3| 1.2787 13543 | .07819 9422 1.6151 1.16
Total 24| 21710 .64405| .13147| 1.8990 2.4430 1.16
SGR7 HO 3] 1.3413 18437 | .10645 .8833 1.7993 1.13
FO 3| 1.7300 20174 | .11648| 1.2288 2.2312 1.54
H5 3] 1.7053 .37550| .21680 7725 2.6381 1.33
H10 3| 1.9033 .56084 | .32380 5101 3.2965 1.36
H15 3| 2.0820 .62840| .36281 5210 3.6430 1.44
H20 3| 2.2823 .65955| .38079 .6439 3.9208 1.67
H25 3] 1.6570 .36851| .21276 7416 2.5724 1.29
H30 3| 1.6317 .39303| .22691 .6553 2.6080 1.18
Total 241 1.7916 A47028| .09600] 1.5930 1.9902 1.13
SGR 14 HO 3| 1.0060 .12885| .07439 .6859 1.3261 .88
FO 3| 1.4237 .08551| .04937| 1.2112 1.6361 1.34
H5 3| 1.1473 38612 | .22293 .1882 2.1065 74
H10 3| 1.4017 .26516| .15309 .7430 2.0604 1.15
H15 3] 1.5583 51951 | .29994 .2678 2.8489 .96
H20 3] 1.5623 45558 | .26303 4306 2.6941 1.18
H25 3 8777 27217 15714 .2016 1.5538 57
H30 3 .8263 21210| 12245 2995 1.3532 .58
Total 24| 1.2254 39382 | .08039| 1.0591 1.3917 57
Dry 7 HO 3| 3.0108 12024 | .06942| 2.7121 3.3095 2.94
FO 3| 3.2304 .04211| .02431| 3.1258 3.3350 3.19
H5 3| 3.3164 02424 .01400] 3.2562 3.3767 3.29
H10 3|  3.4022 .06088| .03515| 3.2509 3.5534 3.36
H15 3]  3.4325 14078 | .08128| 3.0828 3.7823 3.30
H20 3| 3.5068 15202 .08777| 3.1291 3.8844 3.38
H25 3| 3.3607 10412 .06011] 3.1021 3.6194 3.28
H30 3| 3.3014 .24865| .14356| 2.6837 3.9191 3.10
Total 24| 3.3202 18083 | .03691| 3.2438 3.3965 2.94
Dry 14 HO 3| 3.4156 15698| .09063| 3.0257 3.8056 3.27
FO 3| 3.7295 .09455| .05459| 3.4947 3.9644 3.65
H5 3] 3.5141 20444 | .11804| 3.0062 4.0220 3.39
H10 3] 3.5828 10918 | .06304| 3.3116 3.8541 3.47
H15 3| 3.5010 12073| .06970| 3.2010 3.8009 3.39
H20 3]  3.6929 21174 .12225]  3.1669 4.2189 3.45
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H25 3]  2.8739 .07367| .04253| 2.6909 3.0569 2.80
H30 3| 24267 28403 | .16398| 1.7211 3.1322 2.14
Total 24| 3.3421 45737 | .09336| 3.1489 3.5352 2.14
Chlorophyll |HO 3| 1.4536 .06603| .03812| 1.2895 1.6176 1.38
7 FO 3]  1.4601 .03941| .02275| 1.3622 1.5580 1.42
H5 3| 1.4288 .04707| .02718| 1.3118 1.5457 1.39
H10 3| 1.4382 10194 | .05885| 1.1850 1.6914 1.35
H15 3| 1.4416 .01818| .01050| 1.3964 1.4868 1.42
H20 3| 1.4227 .07409| .04278| 1.2386 1.6067 1.35
H25 3] 1.1915 .01071| .00618| 1.1649 1.2181 1.18
H30 3| 1.1587 03714 | .02144| 1.0665 1.2510 1.12
Total 24| 1.3744 12752 | .02603| 1.3205 1.4282 1.12
Chlorophyll |HO 3| 14717 07144 | .04124| 1.2943 1.6492 1.40
14 FO 3| 1.5327 .08533| .04927| 1.3208 1.7447 1.47
H5 3|  1.4907 .03905| .02255| 1.3937 1.5877 1.45
H10 3] 1.4568 .06888| .03977| 1.2857 1.6280 1.38
H15 3] 1.5508 .03799| .02193| 1.4559 1.6446 151
H20 3| 1.4879 02323 .01341] 1.4302 1.5456 1.47
H25 3| 1.1204 .00941| .00543| 1.0970 1.1438 1.11
H30 3| 1.0468 .02453 | .01416 .9859 1.1078 1.03
Total 24| 1.3947 19160 .03911| 1.3138 1.4756 1.03
TFC7 HO 3| 35778 17821 .10289| 3.1351 4.0205 3.47
FO 3| 2.3167 14814 | .08553| 1.9487 2.6847 2.15
H5 3| 2.7128 .07685| .04437| 2.5219 2.9037 2.66
H10 3| 2.7683 .07155| .04131| 2.5906 2.9461 2.69
H15 3| 2.6278 11043| .06376| 2.3534 2.9021 2.56
H20 3| 2.7944 .00962| .00556| 2.7705 2.8183 2.78
H25 3| 2.5000 25658 | .14814| 1.8626 3.1374 2.22
H30 3] 2.0333 16667 | .09623| 1.6193 24474 1.87
Total 24| 2.6664 44608| .09106| 2.4780 2.8548 1.87
TFC 14 HO 3| 3.7667 19221 11097 3.2892 4.2441 3.62
FO 3| 2.3167 .02887| .01667| 2.2450 2.3884 2.28
H5 3| 2.7944 50589 | .29208| 1.5377 4.0511 2.25
H10 3| 2.8444 42990| .24820| 1.7765 3.9124 2.37
H15 3] 3.0333 14814 | .08553| 2.6653 3.4013 2.92
H20 3| 2.8278 18584 | .10730| 2.3661 3.2894 2.62
H25 3| 1.2444 41410 .23908 .2158 2.2731 7
H30 3 .8944 .35211| .20329 .0198 1.7691 .67
Total 24|  2.4653 95098| .19412| 2.0637 2.8668 .67
TPC7 HO 3| 3.9905 .01367| .00789| 3.9566 4.0245 3.98
FO 3] 3.9029 .04893| .02825| 3.7814 4.0245 3.85
H5 3| 4.2084 .04191| .02420| 4.1043 4.3125 4.16
H10 3| 4.1954 .00417] .00241| 4.1850 4.2057 4.19
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H15 3| 4.1991 .00383| .00221| 4.1896 4.2086 4.20
H20 3| 4.1857 02328 | .01344| 4.1279 4.2435 4.17
H25 3| 3.9967 .02795| .01614| 3.9272 4.0661 3.97
H30 3| 3.9356 04778 | .02758| 3.8169 4.0542 3.89
Total 24| 4.0768 .12899| .02633| 4.0223 4.1313 3.85
TPC 14 HO 3| 4.2721 07223 | .04170| 4.0926 4.4515 4.21
FO 3| 4.1217 01658 | .00957| 4.0805 4.1629 4.11
H5 3| 4.3405 .01439| .00831| 4.3048 4.3762 4.33
H10 3| 4.2291 .05981| .03453| 4.0805 4.3777 4.17
H15 3| 4.3246 .01565| .00904| 4.2857 4.3635 4.31
H20 3| 43111 01929 | .01114| 4.2631 4.3590 4.29
H25 3| 4.3103 .02039| .01177| 4.2596 4.3609 4.29
H30 3| 4.2617 .03258| .01881| 4.1808 4.3427 4.22
Total 24| 42714 .07450| .01521| 4.2399 4.3028 4.11
Protein 7 HO 3| 12.7065 40430| .23342| 11.7021 13.7108 12.40
FO 3| 12.6269 .03588| .02071| 12.5377 12.7160 12.60
H5 3| 14.1493 .03588| .02071| 14.0601 14.2384 14.11
H10 3| 13.8176 50111 | .28932| 125727 15.0624 13.24
H15 3| 13.9104 99502 | .57448| 11.4387 16.3822 12.92
H20 3| 14.0232 b53771| .31045| 12.6875 15.3590 13.40
H25 3| 10.8358 15796| .09120| 10.4434 11.2282 10.72
H30 3| 9.7944 45384 | .26202| 8.6670 10.9218 9.32
Total 24| 12.7330 1.60562| .32775| 12.0550 13.4110 9.32
Protein HO 3| 12.1642 51748 | .29877| 10.8787 13.4497 11.65
14 FO 3| 13.8325 .27005| .15591| 13.1617 14.5033 13.67
H5 3| 13.5788 .03237| .01869| 13.4984 13.6592 13.55
H10 3| 14.1095 .27700| .15993| 13.4213 14.7976 13.81
H15 3| 13.9171 .17093| .09868| 13.4925 14.3417 13.82
H20 3| 14.1128 .10357| .05979| 13.8555 14.3700 14.03
H25 3| 6.0431 52789 | .30478| 4.7318 7.3545 5.61
H30 3| 5.6949 26724 | .15429| 5.0310 6.3587 5.50
Total 24| 11.6816 3.49099| .71259| 10.2075 13.1557 5.50
Carotenoid 7 | HO 3 .3323 .01587| .00916 .2928 3717 31
FO 3 3411 .00517 | .00298 .3283 .3540 .34
H5 3 .3142 .00235| .00136 .3084 .3201 .31
H10 3 .3160 .00847| .00489 .2949 .3370 31
H15 3 .3084 .00000| .00000 .3084 .3084 31
H20 3 .3195 .00521| .00301 .3065 .3324 .31
H25 3 .2696 .02396 | .01384 2101 .3291 .25
H30 3 .2036 .00183| .00106 1990 .2082 .20
Total 24 .3006 .04348| .00888 2822 .3189 .20
Carotenoid |HO 3 .3399 .02611| .01507 2750 4047 .32
14 FO 3 .3253 .01017| .00587 .3001 .3506 .32
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H5 3 .3185 .00464 | .00268 .3070 3301 31
H10 3 3212 .00999| .00577 .2964 .3460 31
H15 3 .3164 .00800| .00462 .2965 .3363 31
H20 3 .3399 .02529| .01460 2771 4027 31
H25 3 .2236 .01663| .00960 1823 .2649 21
H30 3 1813 .00321| .00185 1734 .1893 18
Total 24 .2958 .05815| .01187 2712 .3203 18
ANOVA
Sum of Squares df Mean Square F Sig.
Weight 7 Between Groups 2.267 7 324 10.635 .000
Within Groups 487 16 .030
Total 2.754 23
Weight 14 | Between Groups 9.027 7 1.290 40.196 .000
Within Groups 513 16 .032
Total 9.540 23
SGR 7 Between Groups 1.786 7 .255 1.237 .340
Within Groups 3.301 16 .206
Total 5.087 23
SGR 14 Between Groups 1.887 7 270 2.569 .056
Within Groups 1.680 16 .105
Total 3.567 23
Dry 7 Between Groups 480 7 .069 4.028 .010
Within Groups 272 16 .017
Total 752 23
Dry 14 Between Groups 4.346 7 621 21.333 .000
Within Groups 466 16 .029
Total 4.811 23
Chlorophyll | Between Groups .322 7 .046 14.260 .000
7 Within Groups .052 16 .003
Total 374 23
Chlorophyll | Between Groups .802 7 115 42.959 .000
14 Within Groups .043 16 .003
Total .844 23
TFC 7 Between Groups 4.235 7 .605 28.369 .000
Within Groups 341 16 .021
Total 4.577 23
TFC 14 Between Groups 19.140 7 2.734 26.339 .000
Within Groups 1.661 16 104
Total 20.801 23
TPC7 Between Groups .367 7 .052 52.555 .000
Within Groups .016 16 .001
Total .383 23
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TPC 14 Between Groups 105 7 .015 10.545 .000
Within Groups .023 16 .001
Total 128 23
Protein 7 Between Groups 55.440 7 7.920 32.875 .000
Within Groups 3.855 16 241
Total 59.295 23
Protein 14 Between Groups 278.684 7 39.812| 393.924 .000
Within Groups 1.617 16 101
Total 280.301 23
Carotenoid 7 | Between Groups .042 7 .006 49.449 .000
Within Groups .002 16 .000
Total .043 23
Carotenoid | Between Groups .074 7 011 44571 .000
14 Within Groups .004 16 .000
Total .078 23
Weight 7
Tukey HSD?
Subset for alpha = 0.05
Sample N 1 2 3 4
HO 3 1.2597
H30 3 1.5603 1.5603
H5 3 1.6133 1.6133 1.6133
H25 3 1.6210 1.6210 1.6210
FO 3 1.6977 1.6977 1.6977
H10 3 1.8617 1.8617 1.8617
H15 3 2.0797 2.0797
H20 3 2.3157
Sig. 102 446 071 .083
Weight 14
Tukey HSD?
Subset for alpha = 0.05
Sample N 1 2 3 4 5
H30 3 1.2787
H25 3 1.4747
HO 3 1.7053 1.7053
FO 3 2.1870 2.1870
H5 3 2.2457
H10 3 2.5203 2.5203
H15 3 2.7780 2.7780
H20 3 3.1783
Sig. 133 .068 360 651 181
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SGR7
Tukey HSD?
Subset for
alpha = 0.05

Sample N 1

HO 3 1.3413

H30 3 1.6317

H25 3 1.6570

H5 3 1.7053

FO 3 1.7300

H10 3 1.9033

H15 3 2.0820

H20 3 2.2823

Sig. .248

SGR 14
Tukey HSD?
Subset for
alpha =0.05

Sample N 1

H30 3 .8263

H25 3 8777

HO 3 1.0060

H5 3 1.1473

H10 3 1.4017

FO 3 1.4237

H15 3 1.5583

H20 3 1.5623

Sig. .168

Dry 7
Tukey HSD?
Subset for alpha = 0.05

Sample N 1 2

HO 3 3.0108

FO 3 3.2304 3.2304
H30 3 3.3014 3.3014
H5 3 3.3164 3.3164
H25 3 3.3607 3.3607
H10 3 3.4022
H15 3 3.4325
H20 3 3.5068
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Sig. 069 227|
Dryl14

Tukey HSD?

Subset for alpha = 0.05
Sample N 1 2
H30 3 2.4267
H25 3 2.8739
HO 3 3.4156
H15 3 3.5010
H5 3 3.5141
H10 3 3.5828
H20 3 3.6929
FO 3 3.7295
Sig. .079 373

Chlorophyll 7

Tukey HSD?

Subset for alpha = 0.05
Sample N 1 2
H30 3 1.1587
H25 3 1.1915
H20 3 1.4227
H5 3 1.4288
H10 3 1.4382
H15 3 1.4416
HO 3 1.4536
FO 3 1.4601
Sig. .996 990

Chlorophyll 14

Tukey HSD?

Subset for alpha = 0.05
Sample N 1 2
H30 3 1.0468
H25 3 1.1204
H10 3 1.4568
HO 3 1.4717
H20 3 1.4879
H5 3 1.4907
FO 3 1.5327
H15 3 1.5503
Sig. 661 .392




TFC7

Tukey HSD?
Subset for alpha = 0.05
Sample 1 2 3 4
H30 3 2.0333
FO 3 2.3167 2.3167
H25 3 2.5000 2.5000
H15 3 2.6278 2.6278
H5 3 2.7128 2.7128
H10 3 2.7683
H20 3 2.7944
HO 3 3.5778
Sig. .315 .065 275 1.000
TFC 14
Tukey HSD?
Subset for alpha = 0.05
Sample 1 2 3
H30 3 .8944
H25 3 1.2444
FO 3 2.3167
H5 3 2.7944
H20 3 2.8278
H10 3 2.8444
H15 3 3.0333 3.0333
HO 3 3.7667
Sig. 874 184 .166
TPC7
Tukey HSD?
Subset for alpha = 0.05
Sample 1 2 3
FO 3 3.9029
H30 3 3.9356 3.9356
HO 3 3.9905 3.9905
H25 3 3.9967
H20 3 4.1857
H10 3 4.1954
H15 3 4.1991
H5 3 4.2084
Sig. .056 317 .984
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TPC 14
Tukey HSD?
Subset for alpha = 0.05
Sample 1 2 3
FO 3 4.1217
H10 3 4.2291
H30 3 4.2617 4.2617
HO 3 4.2721 4.2721
H25 3 4.3103 4.3103
H20 3 4.3111 4.3111
H15 3 4.3246 4.3246
H5 3 4.3405
Sig. 1.000 .097 .240
Protein 7
Tukey HSD?
Subset for alpha = 0.05
Sample 1 2 3 4
H30 3 9.7944
H25 3| 10.8358
FO 3 12.6269
HO 3 12.7065| 12.7065
H10 3 13.8176| 13.8176| 13.8176
H15 3 13.9104| 13.9104| 13.9104
H20 3 14.0232| 14.0232
H5 3 14.1493
Sig. 225 .081 .069 .989
Protein 14
Tukey HSD?
Subset for alpha = 0.05
Sample 1 2 3
H30 3 5.6949
H25 3 6.0431
HO 3 12.1642
H5 3 13.5788
FO 3 13.8325
H15 3 13.9171
H10 3 14.1095
H20 3 14,1128
Sig. .870 1.000 478
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Carotenoid 7

Tukey HSD?
Subset for alpha = 0.05
Sample N 1 2 3 4
H30 3 .2036
H25 3 .2696
H15 3 .3084
H5 3 .3142 3142
H10 3 .3160 .3160
H20 3 .3195 3195
HO 3 3323 3323
FO 3 3411
Sig. 1.000 1.000 202 114
Carotenoid 14

Tukey HSD?

Subset for alpha = 0.05
Sample N 1 2
H30 3 1813
H25 3 2236
H15 3 3164
H5 3 .3185
H10 3 3212
FO 3 .3253
HO 3 .3399
H20 3 .3399
Sig. .060 589
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Puong chuin ham lwong protein
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Puodng chuin ham lwong phenolic

OD 765
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