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Tém tit: Tin dung phu pham néng nghiép va thay thé mau tong hop bang mau tw nhién
la xu huéng tdt yéu trong nganh thirc pham va my pham. Nghién cieu nay thuwe hién chiét xudt
anthocyanin tir cdc nguon phu pham bao gom vé thanh long, vé khoai lang tim va canh/dai
hoa ddu biéc phé phdam bang phwong phdp hoé tro siéu am, sau dé cé dinh lén nén ma trin
tinh bot khdng tdi cau tric tir khoai tay (RS type 3) bang kj thudt dong héa dp sudt cao két
hop sdy thang hoa. Hiéu sudt bao géi dat tir 78,5% dén 86,2% véi ham leong anthocyanin
tong sé trong phirc hop dwoe dinh lwong ré rang. Hé phirc hop gitk dwoc dg bén sinh hoc
cao voi hon 82,4% ham lwong hoat chat dwoc bao vé nguyén ven truoc tac dong cua nhiét
dé (80°C trong 3 gio) va birc xa UV-C. Pong thoi, hé nguyén liéu nay thé hién nang e dinh
hinh cdu triic xudt sdc khi ing dung vao hai dong san pham mé hinh la thach bé sung chat
xo va gel dudng da, mo ra tiém nang vmg dung kép linh hoat.

Tir khod: anthocyanin phu phcfm, ¢6 dinh hoat chat, do bén mau, tinh bot khang

I. Pit van dé

Xu hudng kinh té tudn hoan thuc
day viéc nang cap chudi gia tri tir phu
pham nong nghiép thanh nguyén liéu sinh
hoc c6 gia tri kinh té cao (Nguyén va cong
su, 2023). Trong do, vé thanh long rudt
do, vo khoai lang tim va hoa dau biée phé
pham 13 ngudn séc t6 ty nhién anthocyanin

doi dao, s¢ hitu kha nang chong oxy hoa,
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khéng viém va bao v¢ té bao manh mé.
Tuy nhién, cau tric flavylium cation ciia
anthocyanin kém bén, d& bi mat mau hoic
chuyén nau dudi tdc dong cua nhiét do,
anh sang (UV), pH va oxy héa. Khi ung
dung vao thyc pham, sic to nay bi phan
hily manh tai da day (Mattioli va cong su,
2020); trong my pham, ching lam giam
han stir dung va gid tri cdm quan san phém
(Ali va cong sy, 2023).



Pé khic phuc, viéc st dung cac hé
mang sinh hoc than thién vdi moéi truong la
giai phap t6i wu (Enaru va cong su, 2022;
Zhu, 2023). Tinh bdt khang (Resistant
Starch - RS) tir khoai tiy sau tai cau trac
so hitu mang ludi gel bén viing nho qua
trinh hdi tinh amylose ¢o kiém soat, tao
ra cac hdc vi moé va nhom hydroxyl tu do
doi dao (Xia va cong sy, 2021). Ciu tric
nay 1y tuong dé biy va cb dinh cac phan
tir anthocyanin (Enaru va cong su, 2021;
Martinez & cong su, 2023). Mac du viéc
sir dung cac chat mang truyén thong nhu
maltodextrin hay chitosan da dugc khao
sat rong rai, kha nang tng dung tinh bdt
khang tai c4u tric tir khoai tiy 1am hé nén
mang sinh hoc bao v¢ hoat chét nhay cam
van chua dugc khai thac mot cach toan
dién. Theo hiéu biét tot nhat ctia ching t6i,
day 1a nghién ctru dau tién trién khai viéc
cd dinh dong thoi ba ngudn phu pham giau
anthocyanin dai dién (vo qua thanh long,
vo khoai lang tim, va canh/dai hoa dau
biéc phé pham) 1én ciu tric tinh bot khang
khoai tay tai cau triic (RS type 3) trong
cung mot cong trinh. Do d6, nghién ctru
nay duoc thuc hién nham muc tiéu danh
gid dong thoi kha nang 6n dinh hoa cia
nén RS tai cdu trac tir khoai tay d6i véi 3
ngudn anthocyanin phu pham, hudng dén
phat trién hé nguyén liéu da ning. Piém
tiép can nay khang dinh tinh méi vé kha
nang tng dung kép linh hoat cho ca phan
khuc thue pham chtic nang va my pham.

I1. Phuong phap nghién ciru

2.1. Vat liéu nghién ciru

Nguyén liéu nén: Tinh bot khang tai
cAu truc tir khoai tay dang bot min (do Am
<14%, ham lugng RS 55+2%) do Cong ty
C6 phan Chim séc Strc khoe Puong rudt
Viét Nam (DR. RUOT) cung cap.
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Phy phim giau anthocyanin: Vo
qua thanh long rudt do (Hylocereus
costaricensis) thu gom tir co s& san xuét
nudc ép, rira sach, lang bo bt 16p vo xanh
bén ngoai, giir lai 16p vo do, cit nho (0,5
x 0,5cm); Vo6 cu khoai lang tim (Ipomoea
batatas L.) thu tir nha may ché bién nong
san, rua sach, lam kho; Pai va canh dap
cta hoa ddu biéc (Clitoria ternatea) loai
ra tu trang trai dugc li¢u dugce lam sach.
Tat ca duogc sdy lanh (35°C, d6 4m < 8%),
nghién bta va riy qua ludi 16 0,25 mm,
bdo quan trong tui nhdm hut chan khong
0 4°C.

Hoa chit va chung vi sinh: Ethanol
phan tich, acid citric, thubc thte Folin-
Ciocalteu, DPPH (2,2-diphenyl-1-
picrylhydrazyl), ABTS [2,2’-azino-bis(3-
ethylbenzothiazoline-6-sulfonic  acid)],
chuin  Cyanidin-3-glucoside  (Sigma-
Aldrich, M¥). Cac hoa chat déu dat tiéu
chuin tinh khiét phan tich. Cac chung
vi khuan kiém tra gdm Staphylococcus
aureus (ATCC 25923), Escherichia coli
(ATCC 25922) va Propionibacterium
acnes (ATCC 11827) duoc cung cip boi
Vién Kiém nghiém Thubc Trung wong.

2.2. Quy trinh trich ly va thu nhdn
anthocyanin tiv phu phim

Bot phu pham dugc trich ly bang
dung moéi ethanol 50% c6 bd sung 0,1%
acid citric (d¢ 6n dinh cau tric flavylium
cation cta anthocyanin) trong bé siéu am
(Elmason P300H, Elma, Dtrc) véi tan sd
40 kHz, cong suat 300 W & 45°C trong 40
phat, ty 1& 16ng/ran 20:1 mL/g. Dich chiét
duoc loc qua gie‘iy loc Whatman s6 1, ¢6
quay chan khong (Thiét bi RV10 Digital,
IKA, Dtic) & 40°C, ap suat 80 mbar dé loai
bo ethanol, thu dich chiét anthocyanin
dam dic. Ham lwong anthocyanin tong sb
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(TAC) duogc xac dinh bang phuong phap
vi sai pH theo tiéu chuan AOAC 2005.02.

2.3. Ky thudt cé dinh anthocyanin
lén nén RS

Phan tan RS vao nudc cét tao dich
huyén phu 10% (w/v), khudy tir trong
30 phut. B6 sung dich chiét anthocyanin
dam dac vao dich huyén phu theo ty 1€
khéi lwong chat kho dich chiét : RS =
1:10 (w/w). Pong hoa hé bang thiét bi cit
cao toc (Model T25 Digital Ultra-Turrax,
IKA, DPuc) ¢ tbc d6 8000 vong/phut
trong 15 phut dé cac phan tir anthocyanin
tham nhép va hip phu vao ciu trac xdp
ctia RS. Hé huyén phu sau d6 dugc sy
thang hoa (Thiét bi Alpha 1-2 LDplus,
Christ, Btc) ¢ nhiét d ngung -55°C, ap
suat 0,05 mbar trong 36 gio dé thu duoc
khdi bot xdp, nghién va ray thu dugc 3 hé
bot phirc hop: RS-TL (Tinh bot khang cb
dinh anthocyanin tir vé thanh long), RS-
KT (Tinh bot khang c¢6 dinh anthocyanin
tor vé khoai lang tim), va RS-DB (Tinh
bot khang c¢b dinh anthocyanin tir hoa
dau biéc). Miu doi chung 1a dich chiét
anthocyanin tuwong ng sy thing hoa
khong c6 nén RS.

2.4. Danh gia dac tinh ly héa va
cdu triic ciia hé phirc hop

24.1. Hiéu sudat co dinh
(Encapsulation Efficiency - EE%)

Hiéu suét c6 dinh duoc xac dinh
dua trén luong anthocyanin ty do bam bé
mat (C
tuyét d6i) va tong luong anthocyanin bén

e, SUC TU@ nhanh bang ethanol
trong (C,_ > pha huy hat bang dung dich
HCI 1M) theo cong thirc (Idham va cong
su, 2012):

EE (%) — Ctotalc_csurface % 100

total

2.4.2. Phdn tich twong tac cdu tric

Tron mau voéi KBr, ép vién moéng,
quét phd hdng ngoai bién dbi Fourier
(Fourier Transform Infrared Spectroscopy
- FTIR) trén may Bruker Tensor 27
(Bruker, Puc) trong dai sb song 4000-400
cm’', d6 phan giai 4 cm™.

2.5. Thir nghiém ap luc danh gia
khd ning én dinh

bo bén nhiét: Luu trit mau trong
tu vi khi hau (Memmert HPP110, Dtic) ¢
40°C, 60 °C, 80°C (3 gio) va 100°C (10
phat). Liy miu dinh luong ham luong
anthocyanin con lai sau mdi chu ky, theo
phuong phap mo ta bdi Sui va cong su
(2016).

Do bén anh sang UV: Mau duoc rai
thanh 16p mong 1 mm trén dia petri va dat
trong budng chiéu birc xa UV-C (budc
song 254 nm) lién tuc trong 24 gio, dya
trén quy trinh chuan hoa cia Ge va cong
su (2012), Yinek va cong su (2020).

Do bén mau theo pH: Hoa tan mau
vao h¢ dém co6 pH 2,00-8,00. Do toa do
mau (L%, a*, b*) bang may do mau quang
phé (Chroma Meter CR-400, Konica
Minolta, Nhat Ban) dé x4c dinh céac gia tri
L* (d0 sang), a* (d6 do/xanh luc), b* (d0
vang/xanh lam). Tong d6 bién d6i mau (E)
duogc tinh theo cong thuc (Idham va cong
su, 2012):

AE = \/(AL*)? + (4a*)? + (4b*)?

2.6. Thir nghiém gidi phong in vitro
va hoat tinh sinh hoc

2.6.1. Tiéu hoa gia lap huong thuc
pham

Ap dung quy trinh tiéu hoa tinh
quéc té (INFOGEST protocol) qua 3
giai doan (Brodkorb va cong su, 2019):



Miéng (Dich nudc bot gia lap, pH=6,80,
2 phut); Da day (Dich vi gia lap chua
pepsin, pH=2,00, 120 phtt) va Rudt non
(Dich rudt gia lap chira pancreatin va
mudi mat, pH=7,40, 120 phat). Ldy miu
tai cac mc thoi gian dé ly tim va xac dinh
ty 1€ anthocyanin dugc giai phong ra moi
truong dich ly hop.

2.6.2. Khuéch tin qua da gia ldp
hwéng my pham

Str dung thiét bj Franz Diffusion
Cell (Hanson Research, My) v&é1 mang
cellulose acetate gia lap mang sinh hoc
trong moi truong dém phosphate pH=5,50,
duy tri & 32 £0,5°C trong 8 gio dé xac dinh
dong hoc giai phong hoat chét, dua trén
phuong phap cia Ng va cong su (2010).

2.6.3. Hoat tinh sinh hoc

Po ning luc khtr gbe tu do DPPH va
ABTS d¢ x4c dinh gia tri IC . Khd ning
khang vi khuan dugc thr nghiém bang
phuong phap khuéch tan trén thach chdng
lai vi khuan Propionibacterium acnes.

2.7. Ché tgo sin phdm mé hinh

2.7.1. M6 hinh thach dinh duéng bo
sung chat xo

Cong thirc thach gom: bot gelatin/
agar (1,5%), duong isomalt (10%), acid
citric (0,1%), nudc cat (83,4%) va bot
phtic hop RS-Anthocyanin (5%). Hon hop
duoc ndu chay, ha nhiét o xuéng 60°C, bd
sung bot phirc hop, khudy déu, rét khuon
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va thanh trung & 100°C trong 10 phut.

2.7.2. M6 hinh gel duwong da

Tao nén gel bang cach phan tan
chét tao dic Carbomer 940 (0,5%) trong
nuée, trung hoa bang Triethanolamine.
Pha diu gdm caprylic/capric triglyceride
(3%) va chat nhii héa polyglyceryl-3
methylglucose distearate (1,5%) duoc
gia nhiét va phdi tron vao pha gel bang
may khudy dong hoa & 60°C. Khi hé ngudi
xudng 40°C, bd sung 3% bot phirc hop
RS-Anthocyanin. Hé duoc ly tdm cip
tdc (4000 vong/phut trong 30 phit va thir
nghiém dong - rd (3 chu ky) dé danh gia
do bén.

2.8. Phan tich thong ké

Thi nghiém dugc 1ap lai 3 lan
(n=3). S6 liéu duogc xur 1y bang phan mém
SPSS (phién ban 26.0) (IBM Corp, My)
bang phuong phap phan tich phuong
sai (ANOVA) mét nhan té va kiém dinh
Duncan (p < 0.05).

I11. Két qua va thio ludn

3.1. Ham lwong anthocyanin tong
s6 va hiéu sudt bao géi

Két qua dinh lwong ham luong
anthocyanin tong sd (TAC) tir cac ngudn
phu phém thu nhan va hiéu suét bao go1
(EE%) trén nén ma tran tinh bot khang tai
ciu tric tir khoai tay (RS) duogc thé hién
chi tiét tai Bang 1.

Bang 1. Ham luong anthocyanin tong s6 cua nguyén liéu va hiéu suat bao goi trén nén RS

khoai tay
Ngudn phu phim | Ham lwgng anthocyanin | Hi¢u suéit bao g6i | Thanh phin monomer ciu
thue vat tong so (TAC, mg/100g) (EE, %) tric chu yeu
V¢ thanh long 32,45+1,12 78,50 + 1,45 Betanin, Isobetanin
Vo khoai lang tim 84,12 £2,35 82,30+ 1,18 Cyanidin, Peonidin acyl hod
Hoa dau biéc phé pham 112,60 + 3,18 86,20+2,05 | ¢ Tematin(Delphinidin

glucosides)
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Ham lugng anthocyanin tong s
(TAC) trong nguyén li¢u kho dat: vo khoai
lang tim 3,42+0,15 mg/g; vo thanh long
rudt do 1,15+0,08 mg/g; dai/vé hoa dau
biéc phé phim 5,84+0,22 mg/g. Hiéu suit
bao g6i (EE%) cua nén RS dat muc cao tir
78,50+ 0,90% dén 86,20+1,12%. Su khac
biét vé hiéu suét bao gdi phu thudc 16n vao
cAu triic phan tir ddc trung cua tirng nhom
chat mau. Hop chat mau trong vo thanh
long chi yéu 1a betanin/isobetanin ¢ ciu
trac mach cong kénh, do d6 hiéu suit cb
dinh dat 78,5%. Trong khi d6, cac monomer
thudc hé ternatin (delphinidin glucosides)
ctia hoa ddu biéc va cic dang cyanidin/
peonidin acyl hoéa cua vo khoai lang tim c6
cdu trac phan tir tuong thich cao hon vai
cac hdc lién két cau trac cua tinh bot khang
khoai tay dang hat tai cau tric (RS type 3),
giup hi¢u suit bao g0i tang cao rd rét, dat
tuong tng 86,2% va 82,3%.

3.2. Péc diém ciu trisc hé phirc hop

Phd FTIR cua tinh bot khang xuét
hién dinh hap thy dic trung ¢ dai sb séng
3300 - 3400 cm” (dao dong kéo gian
cta nhom -OH) va 1020 cm™ (dao dong
lién két C-O-C vong pyranose). Khi hinh
thanh cac h¢ phuc hop (RS-TL, RS-KT,
RS-PB), dinh pho -OH dich chuyén rd rét
vé ving sb song thap hon (khoang 3280
cm™) va mo rong bién do. Sy dich chuyén
nay la minh ching cho hién tugng hinh
thanh céc lién két hydro lién phan tir bén
viing gitta cac nhom hydroxyl phenolic
cua anthocyanin véi mach polysaccharide
cua hat RS. Viéc khong xuét hién cac dinh
phd dic trung cho lién két cong hoa tri
moi khang dinh qua trinh ¢6 dinh thuan
tuy la tuong tac vat ly khong hoa tri, giap
bdo toan nguyén ven hoat tinh sinh hoc
clia sic tb goc.

O-H stretching H-O-H bending C-0-C stretching C-0 stretching
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Hinh 1. Ph6 hong ngoai bién ddi Fourier (FTIR) cia tinh bot khang nguyén ban (RS) va cac
hé phtrc hop RS-Anthocyanin



Su hinh thanh lién két hydro lién
phan tir duoc minh ching qua phd FTIR
ciing dan dén nhitng thay déi vé dic tinh
cam quan cua cac hé mau. Mau RS nguyén
ban c6 dang bot min, mau tring tinh khiét
dic trung. Sau qua trinh dong hoa ap suét
cao két hop sdy thing hoa cung dich chiét
anthocyanin, cac hé phirc hop RS-TL, RS-
DB va RS-KT chuyén sang cac mau sic
dic trung cua ngudn nguyén liu (1an luot
héng nhat, xanh lam nhat va tim nhat) véi
d6 déng déu mau cao. Quan sat bang mit
thudng cho thay cac hat bot phirc hop ¢
cAu trac toi x6p, min, khong xudt hién hién
twong phan tach pha mau hodc von cuc
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cuc bo thuong thiy ¢ cac dich chiét siy
kho thong thuong. Trang thai co 1y dong
nhit nay gian tiép khang dinh cac phan tir
anthocyanin da dugc phan tan c¢b dinh vao
bén trong cac hdc x6p hodc bam dinh déu
trén bé mit ma trin tinh bot khéang, tao
tién dé cho kha nang dinh hinh ciu trac
trong cac san pham tng dung.

3.3. Hiéu qua bdo vé sdc to trudc
cdc tac nhan ap luc

Do bén mau cua cac hé mau dugc
theo ddi qua sy thay ddi hé sé mau sic (L7,
a’, b") va tong do bién dbéi mau (AE) sau
cac chu ky thtr nghiém ép luec.

Béng 2. Bién d6i mau sic (AE) va ty 18 duy tri Anthocyanin (%)

sau cac tac nhan xu ly (n=3)

He mig Nhiét 49 (80°C/3 giv) | Anh sang (UV/24 gio) | Bdo quan (25°C/30 ngay)

; AE % Duy tri AE % Duy tri AE % Duy tri
ﬁrn(;gocyamn 1432 £0,45 | 4120+ 1,15 | 18,65+ 0,62 | 32,50 + 1,42 | 11,24+ 0,38 | 53,80 £1,20
RS- TL 3.15+0.12 | 82,40 £0.85 | 4.22+0.18 | 79.80 £ 0,92 | 2.05= 0,09 | 88.50 = 0,65
RS- KT 2.41+0,08 | 88,90 £0,72| 3.21 0,17 | 8540 0,78 | 1,52+0,05 | 92,10 + 0,48
RS- DB 2.84+0.10 | 85,60 0,90 3,75+0.15 | 82,10 0,88 | 1,83 0,07 | 90,40 = 0,55

3.3.1. Tinh bén nhiét

Anthocyanin tg do bi phan huy
nhanh ¢ 80°C do ciu tric flavylium cation
(tao mau do/xanh bén) bj thiy phan thanh
dang chalcone khong mau hodc carbinol
base khién mau chuyén dan sang sic niu
xin (AE = 14,32 + 0,45). Nguogc lai, cac h¢
mau dugc ¢ dinh trén nén RS tai cdu trac
tir khoai tdy co ty 1& duy tri hoat chét dat
muc cao on dinh, dic biét hé RS - KT dat
dén 88,90 + 0,72%. Mang ludi tinh bot
dong vai trd nhu mot tim khién, 1am giam
téc do truyén nhiét tryc tiép vao phan tur
anthocyanin va giit ¢6 dinh ciu trac vong
phang cia sic t6, ngan chin phan tng mo
vong tao chalcone.

3.3.2. Tinh bén dnh sing

Dudi tac dong chiéu xa lién tuc cua
tia UV-C trong 24 gio, mau anthocyanin tur
do bi dut gdy cac lién két d6i lién hop, 1am
mat dén 67,5% lugng sac to ban dau (chi
con duy tri 32,5+1,42%). Trong khi do, hé
phirc hop RS-Anthocyanin thé hién ning
lue bao vé, giir chi s6 bién ddi mau (AE) &
mure thap (3,21£0,17 dén 4,22+0,18). Ciu
triic hat RS bao boc bén ngoai c6 kha nang
tan xa va hép thu phén 16n nang lugng tir
tia birc xa, bao vé cho 18i sic t6 bén trong.

3.4. Anh hwéng ciia pH dén sw
bién déi mau sic ciia hé phirc hop

Anthocyanin bién d6i ciu tric lién
tuc theo pH: & vung pH = 1,00 - 3,00,
ton tai dang flavylium cation on dinh
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(mau d6 canh sen/hong); vang pH =
4,00 - 6,00, chuyén dich céu trac sang
dang anhydrobase (mau tim/tim xanh);
vung pH = 7,00 - 8,00, bién dbi hin
sang dang chalcone mach hé khong mau
hodc kiém mau xanh luc. Khi khéao sat
trén hé phtc hgp RS-Anthocyanin, tdc
do chuyén mau dién ra chdm hon va
dai mau duy tri 6n dinh hon so v6i mau
anthocyanin tu do. O vung pH sinh Iy
cta da tr 5,00 - 6,00, hé¢ mau RS-KT va
RS-BB giit duoc sic tim hong va xanh
indigo sic nét, lau xin mau. Ciu tric
mach amylose két tinh chit ché cia RS
tao ra mdt vi mdi truong dém cuc bo,
can tré sy khuéch tan tu do cua cac ion
H*va OH" tir dung moi bén ngoai tiép
can phan tir anthocyanin trong 151, giup
kiém soat tot toc do d6i mau theo pH.

3.5. Déng hoc gidi phéng hoat chit
in vitro

3.5.1. Mo hinh tiéu hoa gia lap
hiéng dén g dung thwe pham

Tai da day (dich vi gia 1ap, pH=2,00,
chira pepsin), chi 12- 15% luong
anthocyanin tu do bam dinh & bé mit hat
bi gidi phong ra mdi truong. Luong hoat
chat chinh van nam trong ma trin RS nho
nang luc khang lai su thuy phan cua acid
va enzyme da day cua tinh bot khang.

Tai rudt non (Dich ruét gia lap, pH=7,40,
chtra pancreatin), toc do giai phong dudi
25%. Luong RS-Anthocyanin con nguyén
ven di chuyén xuéng rudt gia, tai day hé
vi sinh duong rudt 1én men hoan toan RS,
giai phong toan bd sic t6 va hoat chat
chbéng oxy hoa tai dich. Pay 1a co ché
mong mudn & cac dong thuc pham bao vé
niém mac dai trang.

3.5.2. Kha nang gidi phong kéo dai
hieéng dén vmg dung my pham

Tai moi truong dém pH=5,50 (mo
phong bé mat da), hé phuc hop RS-
Anthocyanin thé hién mé hinh giai phong
cham bén viing, giai phong déu dan 5-8%
hoat chat sau mdi gio va kéo dai 8 gid. Co
ché nay gitp cung cip dudng chét chong
oxy hoa lién tuc cho da, giam thiéu nguy
co kich tmg té bao biéu bi do ndng do hoat
chat ting cao dot ngot.

3.6. Hoat tinh chong oxy héa dinh
huong vrng dung

Su phan huy céu tric anthocyanin
lam mét cac nhom hydroxyl phenolic tu
do vén 1a ngudn cung cip hydro chu luc
dé dap tat cac géc tu do. Vi vay, kha nang
duy tri hoat tinh chong oxy héa la thudc
do cho hi€u qua bao vé cua nén RS. Gia
tri IC50 cang nhé thé hién hoat tinh chéng
oxy hoa cang manh.

Bang 3. Hoat tinh chong oxy héa (IC50, pg/mL) ctia cac hé miu
sau 30 ngay bao quan (n=3)

H6 miu Miu gbe (Ngay 0) Sau 30 ngay bao quan
) DPPH ABTS DPPH ABTS
Anthocyanin tu do 4520+ 1,22 32,10+£0,95 115,80 + 3,45 98,40 + 2,80
RS-TL 48,10+ 0,98 34,50 £ 1,10 56,20 + 1,05 42,10 +0,88
RS-KT 38,40 + 0,65 26,80 £ 0,58 42,30+0,78 31,20 £ 0,62
RS-DB 40,20 + 0,82 28,50 +0,74 45,60 + 0,91 33,70 £ 0,75




Sau 30 ngay bao quan & diéu
kién thong thuong (dung trong lo thuy
tinh mau ho phach, cat trong toi &
2542°0C, d6 4m khong khi 60£5%), chi
s6 IC 5 cua mau anthocyanin ty do ting
gan 3 lan (tr 45,20+1,22 pg/mL 1én
115,80+3,45 pg/mL), thé hién su suy
giam hoat tinh do phan huy cau tric.
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Nguoc lai, cac hé mau dugc ¢6 dinh bﬁng
RS bao toan nang luc quét gbe tu do (IC %
chi bién dong nhe). Pic biét, mau RS-KT
thé hién hoat tinh chéng oxy héa manh
nhét nho su hiép luc gitra cAu tric poly-
acyl hoa tu nhién cua khoai lang tim va
su bao boc chic chin tir mang ludi tinh
bot khang.

3.7. 8o sanh hiéu qud on dinh héa véi cdc cong bo trong va ngodi nudc

Bang 4. So sanh hi€u qua bao vé anthocyanin cia h¢ nén RS véi cac hé nén khac

Neudn Anthocvanin Vitligunén | Hiu suit EE % Duy tri | Ngudn tham
g y mang (%) (Nhigt 3/UV)|  khdo
ik Chitosan / o o, | 35,0%(80°C, | Nguyénva
Hoa ddu biéc Alginate 63,4% - 72,0% 3 gio) cong su (2022)
o , Tinh bot bip . 62,3% (Anh | Zhang va cong
V6 khoai lang tim bidn tinh 70,5% sang) su (2023)

.. iy Maltodextrin, o 48,0% (80°C, Huynh va
bai hoa bup giam Gum Arabic 68,0% 2 gio) cong su (2024)
. \ . Tinh bot khang A
VO thanh long, v6 khoai lang. |- 0 4 ' o |78 50 - 86.2% | 82,4% - 88.9% | gnien i

tim, hoa dau biéc phé pham Khoai tay nay

Nghién cuou nay vuot hon hé
Chitosan/Alginate ctia Nguyén va cong
su (2022) (EE = 65,4-72,0%) do ciu trac
gel cii d& bi co rit. Quy trinh tai cau trac
RS biang phuong phap hdi tinh amylose
c6 kiém soat & day tao ra mat do hdc vi
mo day déc, déng déu hon cAu trac mach
thing cua tinh bot bap bién tinh tir Zhang
va cong su (2024). Hé nén nay ciing khic
phuc nhuoc diém d& nut, bao vé kém cua
16p vo vo dinh hinh tir Maltodextrin-Gum
arabic (Huynh va cong su, 2024). Viéc cAu
trac RS c6 d6 két tinh cao dang B tao ra
hang rao co hoc can trod su truyén nhiét va
khuéch tan oxy tu do manh hon cac dai
phan tir mach nhanh vo6 dinh hinh khac.

Céc nghién ctru bao goi anthocyanin
phan 16n huéng dén muc tiéu don 1é 13 bao

vé sdc to nay di qua hé tiéu hoa nham tmg
dung cho thuc pham chirc ning (Zhang
va cong su, 2024; Oidtmann va cong su,
2012) hoac khai thac dac tinh nhay pH
ctia chung dé phat trién mang chi thi mau
sinh hoc trong bao bi thong minh (Yong
& Liu, 2021). Nghién ctru nay da dinh
hinh mot hé nguyén liéu dap tmg dong
thoi hai phan khuc.

Déi voi thue pham: So véi mé hinh
gidi phong cia Martinez va cong su (2023)
su dung tinh bdt gao (hoat chét bi giai
phong sém 45% tai da day), nén RS giir an
toan hon 85% anthocyanin di qua da day
va gidi phong huong dich tai rudt gia, nang
cao gié tri cho thyc pham chirc ning.

DPbi voi my pham: Khic véi cac
cong bd cuia Tan va cong su (2024) khi sir
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dung silica tong hop dé kiém dau va giir
mau cho kem dudng da, hé phtc hop RS-
Anthocyanin vira hd trg kiém soat ba nhon
sinh hoc dya trén céu tric Xép tu nhién,
vira giai phong cham hoat chat giup chéng
120 hoa da ma khong st dung phu gia hoa
hoc nhan tao.

IV. Két luan

Nghién ctu da ching minh tinh
kha thi va hi€u qua cua viéc khai thac
ba nguén phu phém thuc vat giau
anthocyanin (vé thanh long, vé khoai
lang tim, hoa dau biéc) két hop véi tinh
bot khang tai cau triic tir khoai tay (RS
type 3). Qua trinh dong hoa ap suat cao
két hop sy thiang hoa giup dat hiéu suét
bao gbi cao (78,5% - 86,2%), bao vé bén
virng hoat chat voi ty 18 séng sot vuot
trén 82,4% dudi cac tac nhan khic nghiét
nhu nhiét do cao va tia UV-C. Viéc dinh
hinh duoc cdu truc cua hai san pham mo
hinh (thach chirc ning va gel my pham)
khang dinh hé nguyén liéu nay dap tmg
dugc cac tiéu chuin cong nghé cho ca hai
phan khuc thuc phdm va my pham, dong
gop vao xu hudng phat trién kinh té tuan
hoan va nguyén liéu xanh.
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VALORIZATION OF ANTHOCYANIN-RICH PLANT BY-
PRODUCTS IMMOBILIZED ON RECONSTRUCTED
POTATO RESISTANT STARCH FOR DEVELOPING

FUNCTIONAL FOOD AND COSMETIC INGREDIENTS

Do Phuong Khanh', Nguyen Thi Huong', Pham Van Vu',
Trinh Minh Khue', Dinh Thi Quynh'

Abstract: The valorization of agricultural by-products and the substitution of synthetic
colorants with natural alternatives represent an inevitable trend in the food and cosmetic
industries. This study investigated the extraction of anthocyanins from various by-product
sources including dragon fruit peels, purple sweet potato peels, and discarded butterfly
pea petals/calyces using an ultrasound-assisted method, followed by immobilization onto a
reconstructed potato resistant starch matrix (RS type 3) via high-pressure homogenization
combined with freeze-drying. The encapsulation efficiency ranged from 78.5% to 86.2%,
with the total anthocyanin content within the complexes precisely quantified. The fabricated
complexes retained high bio-stability, protecting over 82.4% of the active compounds
intact against thermal treatment (80°C for 3 hours) and UV-C radiation. Furthermore, this
raw material system demonstrated excellent texturizing and structural properties when
incorporated into two model products-fiber-enriched jelly and topical skincare gel thereby
opening up flexible potential for dual-functional applications.

Keywords: bioactive encapsulation, by-product anthocyanins, color stability, resistant starch
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