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TOM TAT:

Nghién ctru nay nham xac dinh ham luong cac hop chét sinh hoc trong phu phdm day va ca rau

mé sau thity canh thu hoach (saponin, polyphenol tong va flavonoid tong) va dénh gia déc tinh cam

quan ciing nhu céc chi tiéu an toan (kim loai ning va vi sinh vat) cua 4 dong san pham thuc phdm
dugc ché bién tir phu phdm (ddy va ca duge chan & 70°C/45 gidy va dugc siy bom nhiét & 60°C/420
phut). Két qua cho thdy day va cu déu co hoat tinh sinh hoc & thoi diém thu hoach 6 thang, n6i bat

nhét 13 saponin véi ham lugng trong cii dat 3,17% cao gép 2,7 1an so véi day. Tt ca cac san pham

thyc pham tir phu pham rau ma thily canh déu cho diém cam quan cao va dat tiéu chuan an toan vé

kim loai nang va vi sinh vat.

Tir khéa: rau ma thuy canh (Centella asiatica (L.) Urban), phu phétm, hoat chit sinh hoc, dic tinh

cam quan.

1. it van dé

Rau ma (Centella asiatica (L.) Urban) la cay
dugc liéu nhiét doi thudc ho Apiaceae, dugc s
dung rong rai trong y hoc cb truyén chau A va ngay
cang thu hit sy quan tdm cda nganh cong nghiép
thyc pham chirc ning toan cau. Thanh phan hoat
chit chinh ciia ciy bao gdm cac saponin triterpenoid
(centelloid)  dac

trung nhu  asiaticoside,

madecassoside, asiatic acid va madecassic acid,
cuing véi cac flavonoid va hop chét phenolic ¢6 hoat
tinh sinh hoc cao (Gohil et al., 2010). Cac nghién
cuu lam sang va in vitro da ching minh tac dung
khang khuén, chdng oxy hoa, khang viém va hd trg
phuc hdi mé lién két va bao vé than kinh cta cac hop
chat nay (Bylka etal., 2013).

Cong ngh¢ thuy canh (hydroponics) cho phép
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kiém soat chinh xac thanh phan dinh dudng, pH va
diéu kién moi truong, tor do t61 wu hoa su tich Ity
hoat chat sinh hoc trong cay trong (Venkatasai et al.,
2025). Nhiéu nghién ctru di chi ra, rau ma trong
thiy canh c6 ham luong triterpenoid cao hon dang
ké so v6i canh tac truyén thong trén dét, do cay duoc
cung cép du dinh dudng khoang va han ché stress
sinh hoc (Prasad et al., 2012; Shawon et al., 2023).

Trong quy trinh san xudt rau ma thiy canh
thuong pham, chi c6 phan than 14 dwoc thu hoach dé
tiéu thu tuoi hodc ché bién nude uéng. Con lugng
phu phim bao gdm day va cu chiém tir 40-60% tong
sinh khdi twoi hién tai van bi thai bé hodc 1am phan
bon, gay lang phi tai nguyén va phat thai khi nha
kinh (Weldesemayat et al., 2025).

Theo nguyén tic kinh té tuan hoan, viéc chuyén
hoa phu phdm ndng nghiép thanh san pham c6 gia
trj gia tang cao la chién luoc then chét dé giam phat
thai carbon, t6i wu hoa chudi gia tri va nang cao thu
nhdp cho nong ho (Ghisellini et al., 2016). Nghién
clru trude vé tan dung phu phém thuc vat cho théy
tiém nang 16n trong viée chiét xuit va sir dung cac
hop chit bioactive dé san xudt thyc pham chirc
ning, thirc uéng thao moc va thuc phdm bd sung
(Galanakis, 2012; Sagar et al., 2018). Tuy nhién,
chua c6 cong trinh nao nghién ctru day du vé gia tri
sinh hoc va chit lwgng cam quan ctia san pham ché
bién tir phu phadm ddy va cii rau ma thuy canh.

Do d6, nghién ctru nay dugc thyc hién voi muc
tiéu: (1). Xac dinh ham lugng céc hoat chét sinh hoc
¢6 trong ddy va cii rau ma thity canh; (2). phat trién va
danh gia 4 dong san pham thyc pham tir phy pham.

2. Nguyén liéu va phwong phap nghién ciru

2.1. Nguyén liéu

Cu va day rau ma thuy canh (C. asiatica) & do
tudi 6 thang dugc thu hoach tai Hoang Long Farm
(tinh Pong Thap, Viét Nam) trong khoang thoi gian
tir thang 09/2025 dén thang 03/2026. Trang trai ap
dung hé théng thuy canh tudn hoan véi dung dich
dinh dudng tiéu chudn duoc didu chinh vé pH 5,8-
6,2 va EC = 1,8-2,2 mS/cm. Nguyén liéu phéi tron
bao gém bot 14 sen va bot hat sen dugce cung cép tai
cong ty BC Vil Long. (Hinh 1)
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Hinh 1: Cac phu phd@m cua rau mé thiy canh:
ddy rau ma (A); ci rau ma (B)
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2.2. Quy trinh ché bién

2.2.1. So ché va chan nhiét

Nguyén liéu tuoi dugc rua sach béng nude, dé
rdo va thai thanh 1at mong 2 mm (ddi véi c) va cat
khac 2-3cm (d6i v6i ddy). Sau d6 chan & 70°C
trong 45 gidy duoc ap dung nham lam giam hoat
tinh cta cac enzyme PPO va POD, qua d6 han ché
hién twong hoa nau enzym va gdp phan bao toan
chit lugng cam quan ciing nhu cic hop chat sinh
hoc ctia nguyén liéu trong qué trinh sdy. (Kha &
Truc, 2025).

2.2.2. Sdy bom nhiét

Nguyén liéu sau chan dugc sdy bang thiét bi sdy
bom nhiét & nhiét 4o 60°C trong 420 phut cho dén
khi d6 4m dat < 10%. Cong nghé séy nay dugc lya
chon vi hoat dong ¢ nhiét do thép, giam thiéu ton
that nhiét nhay cam va bao tdn tdt hon cac hoat
chat sinh hoc so v&i cong nghé siy thong thuong
(Vu et al., 2022). P 4m cudi duoc xac dinh theo
AOAC (sdy & 105°C dén khéi luong khong doi)
(AOAC, 2023).

2.2.3. Nghién va rdy

Nguyén liéu kho dwoc nghién bang may nghién
dia da granit va ray qua luéi kich thuée 16 0,10-0,20
mm dé thu bot min déng nhat. Bot thanh phém duoc
bao quan trong tui PA ghép nhom hut chan khong
tai 6°C cho dén khi phén tich.

2.2.4. Phéi ché va tao san pham (Hinh 2)

4 dong san pham dugc phat trién nhu sau:

(1) SP1: Bot day nguyén chat (100% bot day
sau séy);

(2) SP2: Bot day - La sen (70:30 w/w);

(3) SP3: Bot day - Hat sen (70:30 w/w);
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Hinh 2: Quy trinh sén xuét cdc sén phdm ché
bién tir phu phdm rau ma
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(4) SP4: Tra tui loc tir bot ct rau ma phdi (10%
duong phén va 5%) (w/w), dong g6i 2 g/tai theo
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phuong phap ép nhiét.

2.3. Phwong phdp phan tich hop chit va hoat
tinh sinh hoc

2.3.1. Xac dinh ham heong saponin tong

Ham luong saponin tong dugc xac dinh theo
phuong phép ciia Chen et al. (2007) véi mot s thay
ddi. Hit 2,00mL dich chiét bot ct rau md duoc ¢d
dén cén, thém 1an luot 0,40 mL vannilin - acetic acid
(5%) va 2,40 mL HCIOy, i & 80°C trong bé dicu
nhiét 20 phut va dugc lam lanh nhanh trong 2 phut
ngay sau do, tiép theo ethyl acetate duoc bd sung
sao cho tong thé tich 1a 10 mL. Lac déu dé thu duoc
dung dich ¢6 mau tim hoa ca. Téng ham luong
saponin triterpenoid dugc phan tich dua trén
phuong phap do do hip thu quang phd & budc séng
550 nm. Ham lugng saponin tong dugc xac dinh
bang s6 gram oleanolic acid co trong 100 gram chét
kho nguyén li¢u (%).

2.3.2. Xdc dinh polyphenol téng (TPC)

Téng ham luong phenolic (TPC) duge xac dinh
bang phuong phéap Folin-Ciocalteu v&i mot sé diéu

chinh (Aryal et al., 2019). Puong chuan duoc xiy
dung str dung dung dich chuin acid gallic trong dai
noéng do 10-100 pg/mL. Quy trinh tién hanh nhu
sau: 0,5 mL dung dich chuén dugc tron véi 2,5 mL
thudc thir Folin-Ciocalteu 10% (thé tich/thé tich).
Sau 5 phut, bd sung 2,0 mL dung dich Na,CO;5
7.5%, lic déu va u hdn hop trong 30 phut. D6 hap
thu quang dugc do ¢ budc song 765 nm bang may
quang phé UV-Vis. Tuong tu, 0,5 mL dich chiét pha
loding (v6i ethanol) duoc xir Iy trong cuing diéu kién.

Téng ham lugng phenolic dwoc tinh theo cong

thtrc sau:
CxKxV

TPC = ———

Trong do:

TPC la téng ham lugng phenolic (ug acid gallic
tuong duong (GAE)/g bot kho); C 1a ndng do xac
dinh tir duong chuan (pg/mL); K 13 hé s6 pha lodng;
V 1a thé tich ban dau cua dich chiét (mL); m 1a khoi
lugng mau kho (g).

2.3.3. Xéc dinh flavonoid tong (TFC)

Téng ham lugng flavonoid (TFC) dugc xac dinh
theo phuong phap Dowd c6 didu chinh. Puong chuén
duoc xdy dung str dung dung dich quercetin chuén
trong methanol ¢ dai ndng d6 20-100 pg/mL. Quy
trinh phan tich tién hanh nhu sau: 0,5 pL méau dugc
pha lodng véi 1,5 mL methanol, dé yén trong 5 phut,
sau d6 bd sung 0,1 mL dung dich AICly 10%. Hon
hop duoc tron déu va dé phan ting trong tdi ¢ nhiét do
phong trong 6 phiit, tiép theo thém 0,1 mL dung dich
CH;COOK 1 M. Mu duoc i trong bong t6i & nhiét
d6 phong thém 45 phat. Trong qua trinh 4, mau sic
ctia dung dich chuyén déan tir vang sang luc nhat. Cac
mau chiét (duoc pha lodng v6i methanol) dugc xir Iy
theo ciing quy trinh dé xac dinh TFC. D¢ hép thu
quang duoc do & bude song 415 nm bing méay quang
phd UV—Vis (Aryal et al., 2019).

Téng ham luong flavonoid dwoc tinh theo
cong thtrc:

CxKxV
TFC = —
Trong do:
TFC la tong ham luong flavonoid (ug quercetin
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tvong dwong (QE)/g bot kho); C 1a ndng do
flavonoid xé4c dinh tir dudong chuén (pug/mL); K 1a hé
s6 pha lodng; V 1a thé tich ban du cua dich chiét
(mL); m 1a khdi lugng vat lidu kho (g).

2.3.4. Danh gia chat luwong cam quan

Chat luong cam quan duoc danh gia theo Tiéu
chudn Viét Nam TCVN 3215:1979 véi hoi dong
gém 10 thanh vién duoc hudn luyén. Cac chi tiéu
danh gia gém mau sic, mui, vi va trang thai, mdi chi
tiéu cho diém tir 1 dén 5 (1 = rat kém, 5 = xuit sic).
Diém cam quan tong hop duogc tinh theo hé sé trong
Iwgng: mau (20%), mui (30%), vi (40%) va trang
thai (10%).

2.4. Phén tich théng ké

Tt ca thi nghiém dugc thuc hién 1ap lai 3 lan. S&
lidu dugc biéu thi dudi dang gia tri trung binh + do
léch chuan (mean + SD). Phan tich phuong sai mot
chiéu (one-way ANOVA) va kiém dinh Duncan &
murc ¥ nghia p < 0,05 dugc thuc hién bang phan
mém Miniatb 16.

3. Két qua va thao ludn

3.1. Ham luwong hop chit sinh hoc trong ddy va
cii rau md thily canh

Két qua phan tich trén Bang 1 cho thiy, ham
luong cac hop chat sinh hoc trong day va ci rau ma
thily canh ¢ thoi diém thu hoach 6 thang co sy khac
biét 1o rét. Cu thé, cu rau ma c6 ham luong saponin
dat 3,17%, cao hon khoang 2,7 lan so voi day rau
ma (1,16%). Tuong tu, ham lugng polyphenol téng
(TPC) trong cu dat 4,50 mg GAE/g, cling cao hon
khoang 2.4 14n so v6i ddy rau ma (1,90 mg GAE/g).
Diéu nay cho thiy, ¢t rau ma 1a bo phan tich liiy hop
chét thtr cAp manh hon, phi hop véi chire nang sinh
ly cua co quan duy trlr va bao vé cay khoi tac dong
bat loi ctia moi trudng. Ham luong flavonoid tong
(TFC) trong ct rau ma dat 0,29 mg QE/g, cho thiy

tuy khong cao nhung van gop phin vao tiém ning
chéng oxy hoa ctia nguyén liéu. Trong khi do, ¢ day
rau ma, ham luong flavonoid khong xac dinh dugc
bang phuong phap phén tich da sir dung, cho thay
ndng do flavonoid trong bd phan nay rat thip hodc
nam duéi ngudng phat hién. Nhin chung, két qua
nay khing dinh ct rau mé 1a ngudn phy phim c6 gia
tri sinh hoc cao hon day rau ma va co thé dugc vu
tién khai thac trong cac san phim ché bién sau (Pant
etal.,2021).

Sy khac biét vé ham lugng saponin, polyphenol
va flavonoid giita day va cii rau ma c6 thé duoc giai
thich boi ddc diém cia hé thong canh tac thity canh.
Trong diéu kién nay, cdy duoc cung cép dinh dudng
khoang 6n dinh, pH dugc kiém soat va moi truong
sinh trudng dong nhét, tir d6 t6i wu hoéa qué trinh
quang hop va chuyén héa carbon, thuc déy su tich
lity hop chét thir cip, dic biét tai cac co quan du trix
nhu cu (Venkatasai et al., 2024). Bén canh d6, cac
yéu té moi truong nhu dnh sang, nhiét do va ché do
dinh dudng dong vai trd quan trong trong viéc diéu
hoa céc con dudng sinh téng hop phenolic va
flavonoid thong qua co ché didu khién enzyme va
biéu hién gene lién quan dén chuyén hoa thir cip
(Qaderi et al., 2024; Wu et al., 2025).

Hé théng thiy canh khong chi dam bao sinh
truong 6n dinh cho rau ma ma con gop phan ning
cao gia tri sir dung cua toan bd sinh khéi cay. Két
qué phan tich cho thiy, thoi diém thu hoach 6 thang
1a phii hop dé thu gom ca day va cu, khi ham luong
hop chat sinh hoc dat mirc cao hon do lién quan dén
giai doan phat trién sinh 1y cta cdy (Kawatra et al.,
2023). Trong d6, cu thé hién tiém ning hoat chat
vuot trdi, phu hop lam nguyén li€u chinh cho cac
san pham bot nguyén chat hodc phdi tron, trong khi
day van co thé duoc tan dung nhu mot nguén phu

Bang 1. Ham lugng Saponin, polyphenol tng (TPC) va flavonoid tdng (TFC)
c6 trong day/cu rau ma & thai diém thu hoach 6 thang

B6 phan Saponin (%) TPC (mg GAE/) TFC (mg QE/g)
Cu 3,17 4,50 0,29
Day 1,16 1,90 -
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pham giau hop chit chiic ning. Viéc khai thac dong
thoi cd 2 bg phén khong chi gitp giam lang phi sinh
khdi ma con mé rong dinh hudng tng dung trong
phat trién thyc pham chirc ning va nguyén lidu chiét
XUt tir cay dugc lidu.

3.2. Pdnh gid chit lwong sin pham tra tii loc
tir bot cui rau ma thiy canh

3.2.1. Pdnh gic cam quan san phim

Két qua danh gia cam quan cia cic san phim
thyc pham ché bién tir phu phiam rau ma thiy canh
dugc trinh bay trong Bang 2.

duong pheén, cho thdy duong phén o ty 18 10% tao
dugc su can b?mg t6t hon gilra vi ngot, mui thom va
hau vi dac trung clia rau ma.

O nhém san phiam bot diy rau ma, miu nguyén
chét co diém thap nhat trong 3 mau khao sat (mau
séc 3,8, mui 3,6, vi 2.8, trang thai 4,0, mtc do yéu
thich 2,6) do vi déng con kha rd. Khi phdi tron véi
bt 1a sen theo ty 1€ 70:30, cam quan dugc cai thién
dic biét vé mau sic va mui (diém tuong tmg 4,0 va
4,2), song vi chat nhe van anh huéng dén mirc do
yéu thich (vi dat 3,0, mtc d6 y€u thich 3,2). Nguoc

Bdng 2. Két qué danh gia chat lugng cdm quan clia céc sdn phdm thuc phdm
tir phu phdm rau ma thuy canh

San pham cp?:é? tt:]ol::c n::: Mui vi Ttr:;g y“g: :h?fh
Tra tui loc ttr bot ¢l rau ma BPuwdng phén 10% 4,62 4,42 4,62 4,52 4,22
Tra ti loc tlr bot cli rau ma Isomalt 5% 4,52 4,42 4.4a 4,320 4,020
Bot day rau ma nguyén chét 100% day rau ma 3,8¢ 3,6° 2,84 4,0pc 2,64
Bot day rau ma + 14 sen Tyl€70:30 4,00e 4,2° 3,0 4,10 3,2
Bot day rau ma + hat sen Tyl€70:30 4,2° 4,0° 4,3 4,3 4,0®

Trong cung mét cot, cac gia tri dwoc theo sau boi nhitng chir cdi khdc nhau biéu thi

Bang 2 cho thiy chat lugng cam quan ciia cac
san pham khéc biét ro rét giita cac cong thirc phdi
tron. Vi la chi tiéu anh hudéng manh nhét dén marc do
chap nhan cta nguoi tiéu dung. Cac miu c¢6 bd sung
thanh phan lam diu vi ding hodc ting tinh hai hoa
vé huong vi déu dat diém cao hon so v6i mau
nguyén chat.

Ddi vé6i tra tai loc tir bot cu rau ma thiy canh,
viée bd sung chét tao ngot cai thién dang ké chét
lwong cam quan. Mau phdi trén 10% duong phén
cho két qua tot nhét, voi mau sic dep, mui thom hai
hoa, vi ngot thanh dé uéng, trang thai trong va it can.
Cu thé, mau nay dat diém mau sic 4,6, mui 4,4, vi
4,6, trang thai 4,5 va mtc do yéu thich 4,2. Mau
phdi tron 5% isomalt ciing dugc danh gia cao (mau
sdc 4,5, mui 4,4, vi 4,4, trang thai 4,3, muc do yéu
thich 4,0) nhung thap hon nhe so véi mau ding

st khdc biét ¢6 ¥ nghia thong ké (p < 0,05)

lai, mau phéi tron day voi bot hat sen (70:30) cho
Kkét qua ndi bat nhat nhd mau sic hai hoa, mui thom
d& chiu va vi ngot bui ty nhién, giup giam 15 vi ding
vbn c6 cia ddy rau ma. Mau nay dat diém mau sic
4,2, mui 4,0, vi 4,3, trang thai 4,3 va mtc do yéu
thich 4,0, cao nhét trong nhom bot day rau ma.

Tir cac két qua trén, c6 thé xac dinh cong thire ti
wu: d6i véi tra thi loc tir cit rau ma 1a phéi tron 10%
dudng phén; d6i v6i bot day rau ma 1a phdi tron voi
hat sen theo ty 1& 70:30. Nhu véy, viéc phdi tron hop
ly khong chi cai thién mau sic, mui va trang thai cua
san phim ma con dong vai trd quyét dinh trong viée
nang cao murc d§ yéu thich ctia nguoi tiéu dung.

3.2.2. Pdanh gid chi tiéu an toan thic pham

Két qua kiém tra cac chi tiéu an toan cia cac san
pham thuc phdm ché bién tir phu phdm rau mé thuy
canh duoc thé hién trong Bang 3.
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Bdng 3. Cac chi tiéu an toan cho céc san phdm thuc phdm

San pham
e bon
Chitisu vi | Tratdiloc10% | Tratdiloc5% Botdaynguyén Botday | Botday

’ dwong phén Isomalt chat +la sen + hat sen
Cadimi (Cd) mg/kg 0,016 0,018 0,056 0,070 0,043
Chi (Pb) mg/kg 0,047 0,052 0,075 0,069 0,162
Arsen(As) mg/kg KPH KPH 0,069 0,105 0,096
Aflatoxin (B1, " KPH KPH KPH KPH KPH
B2,G1,G2) | M99 (LOD=2,0) (LOD=2,0) (LOD=2,0) | (LOD=2,0) | (LOD=2,0)
E. coli CFU/g <10 <10 <10 <10 <10
Salmonella 1259 KPH KPH KPH KPH KPH

Bang 3 cho thiy ham lugng kim loai ning trong
mau tra tdi loc tir bot rau ma thity canh & mic thép,
voi Cd dat 0.016 - 0.018 mg/kg; Pb dat 0.047 -
0.052 mg/kg va As khong phat hién. Dbi v6i cac
mau bot diy rau ma, ham lugng Cd dao dong tir
0.043 dén 0.070 mg/kg; Pb tir 0.069 dén 0.162
mg/kg va As tir 0.069 dén 0.105 mg/kg; tat ca déu
thip hon gidi han cho phép. Bén canh dé, doc tb
aflatoxin khong dugc phat hién & tat ca cac miu.
Céc chi tiéu vi sinh ciling dat yéu cau an toan thuc
pham, trong d6 E. coli < 10 CFU/g va Salmonella
khong phat hién trong 25 g mau.

T céc két qua trén cho théy, ca tra tai loc tur bot
rau mé va cac san pham bot day rau ma thuy canh ¢
dang nguyén chat hodc phdi tron déu dam bao d6 an
toan thuc phim cao. Pay 14 co s& quan trong dé
phat trién cac san phdm nay theo hudng thuong
mai, dac biét trong nhoém thuc phé‘im chirc nang va
dd thao moc.

4. Két luan

Viéc tan dung phu phidm rau ma thily canh theo
huéng kinh té tudn hoan dé tao ra cac san pham thuc
phdm c6 gi tri sinh hoc cao 1a giai phap can thiét
cho su phat trién bén viing ctia chudi san xuét thuc
phdm. Nghién ctru gia tri sinh hoc va dic tinh cam
quan ctia cac dong san phim thyc phim ché bién tir
phu phdm rau ma thity canh cho két qua nhu sau:

- Vé thanh phan sinh hoc: Cii rau ma tich liiy hop
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chit thir cAp manh hon ddy rau ma véi ham luong
saponin va polyphenol tong cao hon. Day rau mé
van co gia tri sinh hoc va co thé tan dung cho ché
bién sau.

- Vé chat lwgng cam quan ciia cdc san phdm tie
phu phcfm: Tra tai loc tr bot cti rau ma phéi tron
10% duong phén dat gia tri tot nhat (mau sic dep,
mui hai hoa, vi ngot thanh, trang thai phu hop).
Trong nhém bot day rau ma, cong thirc phéi tron véi
hat sen (70:30) cho chét luwong vuot trdi so vai bot
rau ma nguyén chit va phdi tron 14 sen nho giam rd
vi déng dic trung, ning cao mirc do chip nhan.

- Két qua kiém tra an toan thuc pham ciia cdc
san pham tir phu pham: TAt ca cac miu déu dat yéu
cau vé kim loai nang (Cd, Pb, As dudi gidi han cho
phép), aflatoxin (khong phat hién) va vi sinh vat (£.
coli dat, Salmonella khong phat hién). Didu nay
khing dinh quy trinh canh tac, thu hoach, sy, bao
quéan va dong gbi dugc kiém soat tot, dam bao do an
toan cao cho san pham.

Tir cac két qua trén, viée phat trién tra tai loc tir
bot cii rau ma va bot day rau ma 1a hoan toan kha thi,
vira tan dung hiéu qua phu phim néng nghiép, vira
tao ra san pham co gia tri dinh dudng, cam quan va
thuong mai. Pay la co s& khoa hoc dé tiép tuc hoan
thién cong nghé, chuan hoa quy trinh san xuit va mo
rong tmg dung trong linh vuc thyc pham chirc ning
va dd thao moc m
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ABSTRACT:

This study quantified the bioactive compound content of hydroponic Centella Asiatica (L.) Urban
by-products, specifically vines and tubers, and assessed the sensory quality and safety of four food
products derived from these materials. The by-products were processed by blanching at 70 °C for 45
s followed by hot-air drying at 60 °C for 420 min. Analyses focused on saponins, total polyphenols,
and total flavonoids. Both vines and tubers demonstrated notable bioactivity at six months post-
harvest, with saponins as the predominant compounds; tubers exhibited a saponin content of 3.17%,
approximately 2.7-fold higher than that of vines. All formulated products achieved high sensory
acceptability and complied with safety standards for heavy metals and microbiological quality. These
findings highlight the potential of hydroponic C. asiatica by-products as safe and functional
ingredients for food product development.

Keywords: hydroponic Centella asiatica (L.) Urban, by-products, bioactive compounds, sensory
characteristics.
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