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TOM TAT

Nghién ctru duge thyce hién véi muyc tiéu tdi wu hoa qua trinh trich ly anthocyanin tir ngudn nguyén
liéu phé phu pham - v khoai lang tim bang phwong phap enzyme c6 hé tro siéu 4m. Nghién ctru khao
sat cac don yéu td 12 loai dung madi (ethanol, methanol, nudc); hé dung mdi ethanol: nude (100:0, 30:70,
50:50, 70:30, 100:0), loai acid hoa (acid acetic, clohydric, citric) va loai enzyme (cellulase, viscozyme
L, Optimash TBG). Dua trén két qua khao sat, phuong phap bé mit dap tmg vé6i thiét ké mo hinh lap
tam (RSM-CCD) duoc sir dung dé téi wu quy trinh trich ly anthocyanin tir vo khoai lang tim. M6 hinh
dugc thiét ké 17 thi nghiém voi 5 thi nghiém tai tdm dé xay dung cho 3 yéu té khao sat bang phuong
phap c6 hd trg siéu 4m véi thoi gian (15 dén 45 phit), bién do dao dong (20 dén 60%) va ti 1¢ nguyén
lidu:dung moéi (tir 1:10 dén 1:30); bang phuong phap enzyme c6 hd tro siéu 4m vai pH hoat hoa (pH 4
dén 6), thoi gian hoat hoa (15 dén 45 phut) va nhiét do hoat hoa (40 dén 60 °C). Két qua phan tich
ANOVA cho hé s6 R2 = 0,9881 va p < 0,0001 cho thay mé hinh ¢ y nghia thdng ké va kiém ching
cho két qua anthocyanin cao nhét dat 0,8474%. Phd FTIR ciia cao chiét anthocyanin cho thiy sy ton tai
cua cac nhom chic OH, C=0, C=C va C-O-C dac trung cua anthocyanin.

Tir khéa: Téi wu hoa, anthocyanin, vo khoai lang tim, enzyme, siéu 4m.
1. MO DAU

Trong nhitng ndm gan day, anthocyanin d tro thanh ddi tuong nghién clru ndi bat nho tiém nang
ung dung rong rai trong nhleu linh vuc nhu c6ng nghiép thuc pham, duoc pham va my pham [1]. Nhiéu
cong trinh da ching minh rang hop chat nay s hiru da .dang hoat tinh sinh hoc ¢6 191, bao gom kha nang
chong oxy hoa manh [2], khang viém [3], khang khuan [4], cling nhu vai tro trong hd trg phong ngira
cac roi loan chuyén hoa nhu béo phi va dai thao duong [5]. Bén canh do, anthocyanin con gop phan bao
vé té bao trudc cac tac nhan gy hai théng qua co ché trung hoa cac gbe tu do phat sinh tir 6 nhiém moi
truong, hoa chat doc hai hodc nicotine [6]. 'Ngoai ra, mgt s6 ing dung trong da lidu, chang han nhu diéu
tri mun dau den, ciing da dwoc ghi nhan dbi vdi cac ché pham chira anthocyanin.

Vé ban chat hoa hoc, anthocyanin thudc nhom flavonoid trong ho polyphenol [7], 14 céc séc t6 tan
t6t trong nuoe va chiu trach nhiém tao nén cac mau sic dic trung nhu do, tim hodc xanh ¢ thyc vat [8].
Trong bdi canh xu hudng tiéu dung cac san pham ty nhién va bén viing ngay cang gia tang, nhu cau sir
dung chét tao mau c6 ngudn gdc tu nhién dang khong ngimg ma rong [9]. Nho dong thoi mang lai gia
tri cdm quan va lgi ich strc khée, anthocyanin dugc xem 1a mét trong nhiing chit mau tu nhién day trién
vong trong nganh cong nghiép thyc pham [10].

Tai Viét Nam, khoai lang tim 1a mot trong nhiing cdy trong c6 gia tri kinh té cao véi san lugng
16n, phan bd chu yéu tai cac tinh nhu Vinh Long, Pik Lak va Lam Dong. Trong chudi ché bién, phan
cu thuong dugc khai thac triét dé dé san xuét cc san pham thuong mai boi nhiéu doanh nghiép trong
nu6e. Tuy nhién, phan v6 vbn bi xem 1a phu phdm lai chua duoc tan dung hiéu qua, mac du day la
ngudn nguyén lidu giau anthocyanin c¢é gia tri sinh hoc cao. Viéc khai thac hop 1y ngudn phu pham nay
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khong chi gop phan gia ting gi4 tri kinh té ma con pht hop véi dinh hudng phat trién bén viing va kinh
té tuan hoan.

Hiéu qua cta qua trinh trich ly anthocyanin chiu anh huéng boi nhiéu yéu té cong nghé nhur loai
dung moi, thoi gian, nhiét dg, pH, ty 1¢ nguyén li¢u/dung mdi va kich thude hat [11]. Do anthocyanin
c6 tinh phan cuce, cac dung moi phén cyc nhu nude, ethanol hodc methanol thuong duoc uu tién s
dung. Dong thoi, cdu tric va mau sic cia anthocyanin phu thuc manh vao méi truong pH; do do, viée

tgo sung céc acid (hiru co hodc v6 co) vao dung moi nham duy tri anthocyanin & dang cation flavylium
on dinh la can thiét [1, 10].

Mot trong nhitng thach thirc chinh trong qua trinh trich ly 1a anthocyanin chil yéu nam trong khong
bao va bi bao boc bai thanh té bao thyuc vat, giy han ché kha nang khuéch tan vao dung moi. Dé nang
cao hiéu suét thu hdi, cic phuwong phép hd trg pha v& ciu tric té bao da duoc phat trién, bao gom siéu
am, vi song va enzyme. Trong do, phuong phap sir dung enzyme dugc danh gia cao nho tinh chon loc,
an toan va than thién v6i moi trudng. Cac enzyme nhu cellulase, pectinase, viscozyme L va Optimash
TBG c6 kha ning phan hiy thanh té bao, tao diéu kién giai phong cac hop chat muc tiéu [12], [13]. Kh
két hop v6i song siéu am, hiéu Umg cavitation gilp ting cuong tiép xtic gitra enzyme va co chét, tir do
thiic ddy qua trinh phé v cdu tric mé va nang cao hiu qua trich ly anthocyanin [14].

Trong nuéc, nhiéu nghién ciru da tap trung khao sat qua trinh trich ly anthocyanin tir cac ngudn
nguyén li¢u khac nhau nhu la cam, hoa déu biéc hay khoai lang tim, chu yeu theo hudng danh gia anh
huong don 1é cua timg yéu to cong ngh¢. Tuy nhién, cach tlep c4n nay ton tai han ché khi khong xem
xét duge tuong tac gitra cac bién s6, ddng thoi 1am gia ting s6 lwong thi nghiém, chi phi va thoi gian
thyc hién [15]. Mot s0 nghién ctru da Gng dung phuong phap be mit dap Gng (RSM) dé téi uu hoa quy
trinh, nhung phan 16n chi dimg lai ¢ céc ky thuat trich ly truyen thdng hoic siéu 4m don 1é. Dén nay,
cac nghién ciru két hop ddng thoi enzyme va siéu am nham t6i wu hoa qua trinh trich ly anthocyanin tir
phu phém v6 khoai lang tim van con han ché, dic biét trong diéu kién Viét Nam.

Xuét phat tir nhitng van dé trén, nghién ctru nay dugc thuc hién nham khao sat anh hudng cua cac
yéu té don nhu loai dung méi, ty 1¢ ethanol:nudce va tac nhan acid hoa dén hiéu suit trich ly anthocyanin.
Trén co s& d6, md hinh thiét ké Box-Behnken (BBD) thudc phuong phap RSM duoc ap dung dé t6i uu
hoa toan dién quy trinh trich ly anthocyanin tir vo khoai lang tim bang phwong phap enzyme két hop
siéu am.

2. NGUYEN LIEU VA PHUONG PHAP NGHIEN CUU

2.1. Nguyén li¢u

Nguyén li¢u: V6 khoai lang tim sau khi thu tai cong ty ¢6 phan nong san Langbiang dugc rira sach,
xtr ly va loai bé tap chat. Say nguyén li¢u dén do am 7 - 8%, nghién nho dén kich thudce 0,5 - 1,0 mm;
bao quan trong tui polyamide 50 (g/ti) va dugc hat chan khong.

Héa chat: Acid chlohydric (d6 tinh khiét 36,0-38,0%, Trung Qudc); ethanol va acid acetic (40
tinh khiét 98%, Trung Qudc); methanol va acid citric (d¢ tinh khiét 99,5%, Trung Quéc); enzyme
Optimash TBG (M¥, hoat luc >5625 u/g) , cellulase (An D6, hoat Iyc > 2.000 IU/g) va viscozyme L
(My, hoat lyc >100 FBGU/g).

2.2. Phuong phap

Quy trinh khdo sdt don yéu t6 trich ly anthocyanin c6 ho tre siéu am: Can 15g bot vo khoai lang
tim cung 300mL dung moi (ethanol, methanol, nuwdc) hodc hé dung moi ethanol : nude 1a (0:100 (0E),
30:70 (30E), 50:50 (50E), 70:30 (70E), 100:0 (100E)) cho vao cb¢ 500 mL; diéu chinh pH bang 1 st
dung acid dam dac (acetic, citric, chlohydric). Thyc hién chiét tach anthocyanin bé‘mg phuong phap cé
hd trg siéu am (thiét bi Q1375 Qsonica) trong 30 phut. Dich chiét anthocyanin dwgc ly tim (thiét bi
7326) v6i toe do 4.000 v/p trong 10 phit, tach thu phan dung dich, loai bé dung méi bang c6 quay (thiét
bi HS-2005V) & nhiét do 60 °C, tiép tuc sdy & 55-60 °C dé thu cao chiét anthocyanin.

T6i wu héa trich ly anthocyanin co hé tro siéu am (UAE): Khao sat va lya chon ¢d dinh don yéu
td (dung moi, ti 1€ hé dung moi, loai acid hoa), sau do tién hanh tdi vu hoa diéu kién trich ly anthocyanin
bang phuong phép c6 hd trg siéu 4m véi cac yéu to anh hudng qui wde: X (Thoi gian), X, (Bién do) va
X; (Ti 1& nguyén lidu:dung moéi (NL/DM)) theo mé hinh BBD — Box-Behnken bang JMP pro 17 theo
bang ma hoa (Bang 1).
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Bdng 1. Ma hod cac bién doc 1ap cta phuong phap UAE

_, Nghiém thirc
Bién doc lap Mai hoa
-1 0 1
Thoi gian (phut) X1 15 30 45
Bién d6 (%) X2 20 40 60
NL/DM (v/w) X3 10 20 30

T6i wu héa trich ly anthocyanin bang enzyme c6 hé tro siéu dam (UAEE): Téi wu hoa dé Iya
chon diéu kién trich ly anthocyanin bang phuong phap co hd trg si€u am, tiép tuc toi wru hoa trich ly
anthocyanin bang phuong phap enzyme c6 hd tro siéu 4m véi cac yéu t6 anh hudng qui wdc: A, (pH
hoat héa), A, (thoi gian hoat héa) va A; (nhiét do hoat héa) theo md hinh BBD — Box-Behnken bang
JMP pro 17 theo bang ma hoa (Bang 2).

Bdng 2. Ma hoa cac bién doc lap cta phwong phap UAEE

y Nghiém thurc
Bién doc lap Mai hoa
-1 0 1
pH hoat hoa Al 4 5 6
Thoi gian hoat hoa (phtt) Az 3 5 7
Nhiét d§ hoat hoa (°C) As 70 80 90

Quy trinh thyc hién: Can 15g bot vo khoai lang tim cho vao cdc 500mL, thém dung moi
(ethanol:nude = 70:30) v6i ty 16 nguyén liéu: dung méi 1a 1:20. Diéu chinh nhiét do 50°C, cho enzyme
(5% so v&i nguyén liéu), tién hanh hoat héa trong 30 phut. V6 hoat enzyme trong thdi gian 5 phut tai
85°C, chinh pH bang 1 sir dung acid acetic, tién hanh siéu am trong 30 phut, thu dich chiét anthocyanin.
Ly tam dich chiét véi tdc do 4.000 v/p trong 10 phut dé tach phan dung dich, loai bé dung médi bang c¢o
quay, sy thu cao chiét anthocyanin.

Xadc dinh ham lwong anthocyanin: Ham lugng anthocyanin dugc xac dinh bang phuong phap pH
vi sai [16]. Ham lugng anthocyanin c6 dinh hap thu cuc dai & pH1,0 va khong c¢6 dinh hap thu ¢ pH 4,5
dudi bude song 520 nm. Mau dich chiét anthocyanin dem dinh mirc & pH1,0 va pH4,5 va do d6 héap thy
tai budc song cua do hép thu cuc dai 520 nm, so véi d0 hép thu tai budce song 700 nm.

Ham luong Anthocyanin (%) tinh rheo ham lwong chét kho duoc tinh theo cong thirc:
A-M-k-V

Anthocyanin (%) = ~-100
e 1'm-(100-W)-10"

Trong do: A = (As2opH1) - A700pH1)) - (As20pH4,5) - A700(pH4,5))
Aso: @0 hap thu cuc dai tai 520 nm; Az 6 hép thu cuc dai tai 700 nm
M: khdi lugng phan tir anthocyanin; e: ¢ hap thy phan ti; 1: chiéu day cuvet, cm
V: thé tich anthocyanin thu dugc, L; k: hé s6 pha loang
m: khéi lugng nguyén li¢u ban dﬁu, g, W:do am nguyén liéu, %

Ph6 hong ngogi bién doi Fourier (FTIR): Phan tich FTIR dugc tién hanh bang thiét bi FTI
IMPACT Nicolet 410 trong khoang s6 song tir 4000 dén 400 cm™'. Mau cao chiét anthocyanin truge khi
do duoc lam kho trong ti sdy chan khong ¢ 60 °C trong thoi gian 48 gid nham loai bo hoan toan d§ am.

3. KET QUA VA THAO LUAN

3.1. Khio sat don yéu t6 trich ly anthocyanin
Anh hwéng ciia logi dung moi

Dung moi thudng dung dé chiét anthocyanin 1a: methanol, ethanol, nu6c hoic hdn hop cia chiing.
Anthocyanin c6 ban chat phan cuc, viéc st dung cac dung moi phan cuc giip cho viéc chiet xuat
anthocyanin tré nén hi¢u qua hon.
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Hinh 1. Anh huéng ctia dung méi dén qua trinh tach chiét anthocyanin

(a, b, c...: sw khdc biét ¢6 y nghia thong ké 6 mike 5% tng voi méi logi do thi)

Dua vao két qua khao sat cac loai dung mdi c6 d6 phén cuc tuong dbi ting dan nhu ethanol
(0,654), methanol (0,762), nudce (1); cho thay anthocyanin dugc chiét tach tir dung mo6i methanol cho
dugc hiéu suit cao nhét, chimg t6 ring anthocyanin c6 d6 phan cuc gan twong tu nhu methanol [17].
Tuy nhién, ethanol va nudc thuong duoc sir dung do la dung moi xanh va an toan [18]. Dong thoi, co
theé st dung hé hai dung mdi nay theo ty 1¢ tuong ng dé dat dwoc do phan cuc tuong ty methanol, tur
d6 van dat dugc hi€u qua chiet anthocyanin toi uu. Do @6, lya chon hé ethanol va nude 1am hé dung
moi tach chiét, khao sat cac ty 18 cua hé trong qui trinh trich ly anthocyanin [18].

Theo két qua khao sat tai Hinh 1, dd thi ty 1¢ hé dung moi ethanol: nudc c6 thanh phén ethanol
thay ddi (100; 70; 50; 30; 0%) s& dat dugc hé dung moi véi do phan cuc tuong ddi thay ddi tir (0,654-
1), két qua dat ham luong anthocyanin cao nhét tai cong thirc 70E (70% ethanol + 30% nuéc). Diéu nay
1a do tai ty 1& 70E c6 d6 phan cuc tuong dbi (khoang 0,76), twong tu methanol hay anthocyanin nén lam
tang hiéu qua cia qua trinh trich ly, vi vay chon hé dung moéi ethanol: nudce 1a 70:30.

Anh hieong ciia logi acid héa

Trong dung dich, anthocyanin ton tai & cic dang theo timg pH khac nhau. Tuy nhién, anthocyanin
6n dinh trong moi trudng co tinh acid cao nén dung méi can phai dugc acid hoa bang cac acid dé ngin
chan sy phan hiy cia cac séc tb anthocyanin. Céac acid hitu co (acid acetic, citric hodc tartaric) hoac
acid vo co (acid clohydric hodc phosphoric) dugce thém vao dung méi chiét dé 6n dinh cation flavylium.
Str dung acid clohydric bi han ché vi c6 thé pha v& anthocyanin bi acyl hoa. Diéu kién acid qué cao c6
thé gay ra nhidu tac dong khac nhau trong qua trinh chiét nhu phan hity hodc thity phan mot phan
anthocyanin.

- 0,90 -

0,36 > a
—~ a =
X &
< b b
= £ c
= 0,24 1 ¢ § 0,60 1
s
> 3
Q E=
2 =
Z 0124 < 030

0,00 T T | 0,00 T T 1

Chlohydric Acetic Citric Cellulase Optimash TBG Viscozyme
Loai acid hoa Loai ezyme

Hinh 2. Khao sat anh hudng cua loai acid hoa va loai enzyme
(a, b, c..:su khdc biét c6 y nghia thong ké 6 mirc 5% ing véi méi logi do thi)

Tién hanh khao sat cac loai acid tai Hinh 2 dé diéu chinh pH tach chiét anthocyanin bang 1, cho
duoc két qua khi str dung dung méi dugc acid hoa béng acid acetic 0,1% (v/v) cho duoc hiéu suit thu
hoi anthocyanin cao hon cac loai acid khac, phu hgp véi cac két qua nghién ciru trén thé gidi, vi vay
chon acid acetic dé chinh pH chiét tach [19], [20].
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Anh hieong cia loai enzyme

Anthocyanin dugc tim thdy trong khong bao ciia té bao thuc vat, rat kho dé chiét xuat. B sung
enzyme gitp pha v thanh té bao ctia mau, nho d6 cac phan tir dé dang di vao moi trudng dung moi, dé
giai phong cac thanh phan hoat tinh sinh hoc [14]. Theo Hinh 2 hiéu suat thu hdi ham luong anthocyanin
cao nhat & mau xur 1y bang enzyme Optimash TBG. Cellulase va Viscozyme L (phtrc hop enzyme
xylanase, cellulase, hemicellulase) 13 cdc enzyme thich hop chil yéu cho cac nguyén liéu véi thanh phan
chinh 1a cellulose, do c6 kha ning phan huy cellulose bang cach thuy phén lién két glycosid p-1-4 cua
polymer cellulose tir @6 16i kéo duoc cac hop chat c6 hoat tinh ra khoi nguyén liéu. Tuy nhién, nguyén
liéu vo khoai lang tim v&i thanh phan tinh bot va khong tinh bot nén hidu qua pha v thanh té bao cia
nguyén liéu khong hiéu qua bang ché phim phtic hop enzyme Optimash TBG [21]. Str dung enzyme
Optimash TBG (phtic hop enzyme B-glucanase, xylanase va cellulase) twong thich véi nguyén li¢u vo
khoai lang tim, c6 kha ning bén nhiét va hoat tinh cao giup phan hity cac polysaccharide va giam do
nhét nhanh chong, 1am ting hiéu qua chiét tach anthocyanin ra khoi nguyén liéu, vi vay chon enzyme
Optimash TBG dé thyc hién quy trinh trich ly anthocyanin [22].

3.2. T6i wu héa quy trinh trich ly anthocyanin hd tro si¢u 4m

Phuong phép bé mét dap ing st dung thiét ké Box-Behnken (RSM-BBD) dugc ap dung dé xay
dung ma tran thi nghiém gém 17 thi nghiém (Bang 1). K&t qua ham lugng anthocyanin (%) thu dugc tur
cac thi nghiém (bién dap tng Y1) duoc xit Iy bang phan mém JMP Pro 17.0 va trinh bay trong Bang 3.

Bdng 3. Bang gia tri két qua mé hinh du doan khi ti uu bing phuong phap UAE

STT Xi X2 X3 Yi
Thoi gian (phtt) Bién d6 (%) | NL/DM (v/v) Anthocyanin (%)
1 45 40 10 0,2211
2 15 40 10 0,2052
3 30 20 30 0,3027
4 30 20 10 0,2235
5 15 40 30 0,2594
6 15 60 20 0,3036
7 45 20 20 0,2918
8 30 60 30 0,2438
9 45 60 20 0,2324
10 45 40 30 0,2421
11 30 60 10 0,2163
12 15 20 20 0,2249
13 30 40 20 0,4917
14 30 40 20 0,5246
15 30 40 20 0,5544
16 30 40 20 0,5237
17 30 40 20 0,5352

Sau khi tién hanh sang loc va loai bo cac yéu t khong c6 anh huéng dang ké dén hiéu sudt thu
hdi anthocyanin (%), qua trinh xr Iy s liéu bing phan mém JMP Pro 17.0 di x4c dinh dwoc mé hinh
phu hop. Két qué phén tich phuong sai (ANOVA) va kiém dinh d6 phu hop cua mé hinh (Hinh 3) cho
thiy hé sb xac dinh dat gia tri cao (R? = 0,988), phan 4nh mirc do turong quan chat ché gitra gia tri dy
doan va gia tri thyc nghiém cua ham luong anthocyanin. Diéu nay dong thoi cho thay do tin cdy cao
ctia dit liéu va kha nang kiém soat tt cac diéu kién thi nghiém. Gia trj xac sudt rat nho (p < 0,0001)
chimg minh rang cac bién doc 1ap, bao gbm thoi gian xt 1y, bién d6 dao dong va ty I¢ nguyén li¢u/dung
moi, c6 anh hudng co ¥ nghia théng ké dén bién dap ng 1a ham luong anthocyanin. Do d6, mé hinh
hdi quy bac hai duoc xay dung c6 thé duoc chap nhan dé mé ta mdi quan hé giita cac yéu té khao sat
va dap ung nghién ctru. Bén canh d6, hé sé xac dinh hiéu chinh (R%-adj = 0,9732) cho thiy 97,32%
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sy bién thién cia ham lugng anthocyanin dugc giai thich boi cac bién dc l1ap trong md hinh, trong
khi phén sai s& chua giai thich chi chiém ty 1é rat nho va cha yéu do sai s6 ngau nhién. Viéc ca R? va
R2-adj déu dat gid tri cao (trén 0,9), ket hop v&i mirc y nghia thdng ké P < 0,0001 (nho hon nhiéu so
voi a = 0,05), khang dinh rang cac yéu t6 khao sat c6 anh hudong dang ké dén bién dap tng. Cac két
qua kiém dinh thdng ké cho thdy mé hinh hdi quy duoc thiét 1ap c6 d6 phu hop cao véi dit licu thuc
nghiém, dam bao dd tin cay va cod thé str dung hi€u qua trong vi¢c du doan va t6i uu hoa qua trinh trich
ly anthocyanin.

. Summary of Fit

05 RSquare 0,988307
E > RSquare Adj 0,973274
2 Root Mean Square Error 0,021983
€04 Mean of Response 0,3292
g Observations (or Sum Wgts) 17
2
IS
<03
R

#
0,2
0,2 0,3 0,4 0,5

% Anthocyanin Predicted RMSE=0,022
RSq=0,98831 PValue=<,0001

Hinh 3. Phuong sai cho mé hinh da thirc bac hai khi t6i vu bing phwong phap UAE

Bdng 4. Céc gia tri udc lugng tham sé ciia phuong trinh hdi quy khi t6i wu bang phuong phap UAE

Bién sb Udc lugng Sai s6 chuin Giatrit Tri s6 P
Intercept -1,406993 0,102942 -13,67 <,0001"
X1 0,043321 0,003453 12,55 <,0001"
X2 0,0284834 0,002862 9,95 <,0001"
X3 0,0700765 0,005179 13,53 <,0001"
Xi X2 -0,000115 3,664e-5 -3,14 0,0164"
X1 X3 -0,00005 0,0001 -0,50 0,6315
X2 X3 -6,462e-5 0,000055 -1,18 0,2781
Xlz -0,000634 5,271e-5 -12,02 <,0001"
Xi -0,0003 2,965¢e-5 -10,13 <,0001"
X_j -0,001592 0,000119 -13,42 <,0001"

(*): Co y nghia tai p < 0,05

Tir két qua trinh bay & Bang 4, phuong trinh hoi quy biéu dién mdi quan hé giira cac bién doc lap
(nhiét do, bién d(:) dao dong va ty 1¢ nguyén liéu/dung moi) va ham lugng anthocyanin duoc thiét 1ap
dudi dang cac bién ma hoéa nhu sau:

= —1,4069 + 0,0433X, +0,029X _ +0,070X _ —0,00012X X —0,00063X" —0,0003X’ —0,0016X’

Trong pham vi ving khao sat, phuong trinh hoi quy cho thay higu qua tach chiét anthocyanin chiu
anh huong bac mot va bac 2 cua ca ba yeu t6 nghién ctru X, X» va Xs; va chiu anh huong dong thoi
cua cac cap yéu to (XiXz).

K&t qua t6i wu héa tir mo hinh cho thy diéu kién thich hgp cho qué trinh trich ly anthocyanin bao
gom thoi gian 29,96 phut, bién d6 dao dong 39,61% va ty 1¢ nguyén liéu/dung méi 20,73 (v/w), voi ham
lugng anthocyanin du doan dat 0,5268% (Hinh 4). Thi nghi¢m kiém E:ht’mg duogc thuc hién tai cac dieu
kién nay cho gié tri thuc nghi¢ém dat 0,5246%. Sai khac khong dang ke gitra gia tri du bdo va gia tri thuc
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nghiém cho thdy mé hinh c6 d6 chinh xéac cao, dong thoi khang dinh tinh pht hop va kha ning tmg
dung thyc tién cia mo hinh da xay dung.

Két qua phén tich bé mit dap g va cac duong dong muc (Hinh 5) cho thay anh huong riéng r&
cua tirng bién cong ngh¢ dén ham luong anthocyanin khi cac yéu té khac dugc gitr ¢d dinh. Ham lugng
anthocyanin ting dan theo thoi gian va bién do siéu am, dat gia tri cuc dai tai khoang 29,96 phut. Tuy
nhién, khi keo dai thoi gian xur ly vuot qua ngudng nay (trén 30 phut), hiéu suét trich ly ¢6 xu huéng
suy giam. Nguyén nhan c6 thé do su hoa tan cac tap chat khong mong mudn tir nguyén lidu vao dung
moi, dong thoi anthocyanin bi phan huy khi tiép xtc kéo dai véi nhiét do cao [23]. Bién do siéu 4m
dugc khao sat trong khoang gia tri tir 20% dén 60% c6 anh huong tich cuc dén qua trinh trich ly, véi
gi4 tri t6i wu dat 39, 61%. Su gia tang bién do siéu 4m lam tang cudng hi€u Ung cavitation, tir d6 ning
cao kha ning pha v& céu trac té bao va thuc ddy qua trinh khuéch tan anthocyanin vao dung méi. Ngoai
ra, ty 1¢ NL/DM ciing dong vai tro quan trong trong viéc nang cao hiéu sudt trich ly. Khi ty 1& nay ting,
su chénh 1éch nong d6 gitra pha ran va pha long dugc cai thién, tao diéu kién thuan loi cho qua trinh
chuyén khdi. Tuy nhién, viéc ting dong thoi thoi gian siéu 4m va luong dung méi c6 thé 1am giam hiéu
qua trich ly do hé dat trang thai c4n bang, khién nong d6 anthocyanin khéng tiép tuc gia ting ma co xu
hudng giam. Két qua tir Hinh 5B va 5C cho thay ham luong anthocyanin dat cuc dai tai ty 1& nguyén
lidu/dung méi 1a 20,73 (v/w), phtt hop véi didu kién ti wu di xac dinh.
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3.3. Téi wu héa trich ly anthocyanin bang phwong phap enzyme c6 hd trg siéu am (UAEE)

Phuong phép trich ly bang song siéu am két hop enzyme (UAEE) dugc biét dén 1a chién lugc khai
thac bo sung két hop. Enzyme thong qua su phan hily va pha v& thanh té bao trong qua trinh chiét xut
¢6 sy hd trg ciia enzyme (EAE). UAE ting cudng qué trinh chiét xuat bang enzyme, vi qua trinh trich
ly duoc kich thich boi cong suét siéu am dé dang phéa v chat nén, cho phép cac phan tng co sy hd trg
clia enzyme va phat xa cac thanh phan muc tiéu.

Thiét ké thi nghiém theo RSM-BBD duoc 4p dung dé xdy dung ma trdn gdm 17 thi nghiém va ket
qua ham luong anthocyanin (%) thu dugc tir cac thi nghiém (bién dap ing Y>) dugc xur ly bang phan
mém JMP Pro 17.0 va trinh bay trong Bang 5.

Bdng 5. Gia tri két qua mé hinh dy doan khi t6i wu bang phuong phap UAEE

STT Al Az As Y2
pH hoat héa | Thoi gian hoat hoa (phat) | Nhiét d hoat hda (°C) | Anthocaynin (%)
1 5 45 40 0,4306
2 5 15 60 0,3063
3 5 15 40 0,3882
4 4 45 50 0,5663
5 6 30 60 0,5089
6 5 45 60 0,7887
7 5 30 50 0,8027
8 5 30 50 0,8192
9 4 15 50 0,3851
10 4 30 60 0,6872
11 5 30 50 0,8145
12 6 45 50 0,6538
13 6 15 50 0,3294
14 6 30 40 0,6193
15 4 30 40 0,4362
16 5 30 50 0,8214
17 5 30 50 0,7923

Sau khi xur 1y dit liéu bang phan mém JMP Pro 17.0 va loai bé cac yéu t6 khong c6 anh huéng
dang ké dén bién dap ing (% anthocyanin), két qua phan tich phuong sai (ANOVA) va kiém dinh mo
hinh (Hinh 5) cho thay hé sé xac dinh dat R2 = 0,9947. Gi4 tri nay phan anh mirc d6 phu hop rat cao
gitra dir liéu thuc nghiém va gia tri du doan, d(“)ng thoi cho théy qua trinh thi nghiém duogc kiém soat
hiéu qua. Bén canh d6, gia tri xac suét rit nho (p < 0,0001) chirng minh rang cac bién doc lap thudce
nhoém A (pH hoat hoa, thoi gian hoat hoa va nhiét do hoat hoa) co anh huong c6 ¥ nghia thong ké dén
ham lugng anthocyanin. Do d6, phuong trinh hoi quy & bac nay dugc xem 1a phi hop va c6 thé sir dung
dé mo ta mbi quan hé giita cac yéu t6 khao sat va bién dap tng.

08 . Summary of Fit
o7 RSquare 0,99479
g RSquare Adj 0,988092
<06 Root Mean Square Error 0,020829
% Mean of Response 0,597065
g 05 Observations (or Sum Wgts) 17
®

o
i

o
[

0,3 0,4 0,5 0,6 0,7 0,8
% Anthocyanin Predicted RMSE=0,0208
RSq=0,99479 PValue=<,0001

Hinh 6. Phuong sai cho mé hinh da thirc bac hai khi t6i wu bang phuong phap UAEE
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D6 tin cdy thong ké va mirc do pht hop ctia mo hinh hdi quy d6i véi dir lidu thuc nghiém duoc
thé hién rd qua cac chi s6 danh gia. Hé s xac dinh hiéu chinh (R? adj = 0,9881) cho thiy 98,81% su
bién thién ctia ham lugng anthocyanin dugc giai thich boi ba bién doc 1ap gdm pH hoat héa, thoi gian
hoat hoa va nhiét 6 hoat hoa, trong khi phan sai s6 chua giai thich chi chiém ty 1& rat nho (0,66%) va
chu yéu do sai s6 ngau nhién. Gia tri R2cao (16n hon 0,9) két hop v6i mirc ¥ nghia théng ké rat nho (P
<0,0001), thép hon nhiéu so v6i ngudng a = 0,05 khiang dinh rang cac bién doc lap co anh huong ¢
nghia dén bién dap tmg. Do d6, phuong trinh hoi quy béc hai dugc xay dung 1a phi hop va co thé sir
dung dé mo ta mdi quan hé giira cac yéu t6 cong nghé va ham lwong anthocyanin va cac két qua kiém
dinh cho thay md hinh cé d9 tin cdy cao va kha nang du doan tdt.

Bang 6. Céc gia tri udc luong tham sé ciia phuong trinh hdi quy khi t6i wu bang phuong phap UAEE

Bién sb Udc lugng Sai sb chuin Giatrit Tri s6 p
Intercept -7,531345 0,457513 -16,46 <,0001*
Ay 1,594325 0,116207 13,72 <,0001*
Az 0,0147627 0,005628 2,62 0,0343"
As 0,154545 0,011621 13,30 <,0001*
A1 Az 0,0023867 0,000694 3,44 0,0109"
A1 As -0,009035 0,001041 -8,68 <,0001*
Az A3 0,0007333 6,943e-5 10,56 <,0001*
AI2 -0,12096 0,010151 -11,92 <,0001*
Ai -0,000913 4,512e-5 -20,24 <,0001*
Aj -0,001262 0,000102 -12,43 <,0001*

(*): Co y nghia tai p < 0,05

Dua trén két qua trinh bay ¢ Bang 6, phuong trinh hdi quy biéu didn mbi quan hé giita cac bién
doc lép (pH, thoi gian va nhiét d6 hoat héa) va ham lugng anthocyanin (%) dugc xay dung dudi dang
cac bién ma héa nhu sau:

Y, =-7,5313+1,5943A +0,1545A, +0,0024A A, —0,00903A A, +0,00073A,A, —0,1209A° —0,0009A —0,00126A

Trong pham vi ving khao sat, phuong trinh hdi quy cho thay hiéu qua tach chiét anthocyanin chiu
anh huong bac mot va bac 2 cua ca ba yeu t6 nghién clru Aj, Ay va As; va chiu anh huong dong thoi
cua3 Cép yéu to (A1A2), (A1A3), (A2A3).
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Hinh 7. D4 thi dy doan gia tri % anthocyanin cc dap umg theo mong mudn
khi toi wu bang phuong phap UAEE

Két qua tdi wru hoa cho thay diéu kién thich hop cho qué trinh trich ly anthocyanin bao pH hoat
hoéa 1a 4,95 véi thoi gian hoat hoa 1a 36,01 phut tai nhiét d¢ 53,86°C, ham lugng anthocyanin dy doéan
dat 0,8474% (Hinh 7). Thi nghiém kiém ching dugc tién hanh dudi cac didu kién nay cho gia tri thyc
nghiém dat 0,8370%. Sai léch khong déng ké giita gia tri du doan va két qua thuc nghiém ching t6 mo
hinh t6i wu c¢6 d6 chinh xac cao, dong thoi khing dinh tinh pht hop va gia tri ing dung ctia mo hinh
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trong qué trinh trich ly anthocyanin. Sy bién thién ctia ham lugng anthocyanin dudi tac dong cuia cac
bién doc 1ap (khi ¢ dinh mot théng sd) duoc phan anh rd nét qua dd thi bé mat dap ng va hé thong
duong dong muc tai Hinh 8. Cy thé Hinh 8A va 8B cho thiy ham lugng anthocyanin dat cuc tri & pH
4,96 khi tang pH hoat hoa va nhiét do hoat hoa. Piéu nay co thé giai thich 1a do Optimash TBG la
enzyme da thanh phan, c6 hoat tinh t&i wu & pH 4,2 nhung c6 pham vi hoat dong pH 3,0 - 6,5. Hinh 8A
va 8C cho thiy qua trinh trich ly anthocyanin dugc thuc hién trong thdi gian hoat hoa tir 15 dén 30 phut
va dat cuc tri tai thoi gian hoat héa 13 36,01 phut, ham lugng anthocyanin tang Ién cung véi su gia tang
ti 1¢ pH hoat héa. Hinh 8B va 8C ching t6 ham lugng anthocyanin tang va dat cuc dai ¢ nhiét d¢ hoat
hoa 53,86 °C.

4 hoat h3(4.6) Thesi gian hoat héa(15, 45 et d@ hoat h6a(a0/60) . PH hoat héaq ) Thasi gian hoat h6a(15.45)  Nhiét d6 hoat hoa(40,60)
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Hinh 8. M6 hinh bé mat dap Ung va duong ddng mirc biét anh hudng cia cac cip yéu tb
khi toi uu bang phuong phap UAEE

3.4. Phé FTIR

Pho FTIR (Hinh 9) ciia céc cao chiét anthocyanin tir vo khoai lang tim dugc phan tich va dbi
chiéu véi pho chudn anthocyanin da cong bé trong cac nghién ciru cia Maylinda va cong su [24] va
Siti va cong sur [25]. Két qua cho thay su xuit hién cta cac dai hap thy dic trung ctia nhém hydroxyl
trong céac vang 1600 - 1300, 1200 - 1000 va 800 - 600 cm™'. Cé4c dinh hép thu manh tai khoang 3670
va 3550 cm™! dugc ghi nhan, phan anh sy hién dién cia cac hop chit chita nhom —OH, dién hinh l1a
rugu va phenol.
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Hinh 9. Phé FTIR cua anthocyanin theo timg loai enzyme
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Ngoai ra, cac dai hap thy trong khoang 2935 - 2860 cm™! cho thay sy ton tai ctia cac hop chit mach
dai chua bio hoa, thuong lién quan dén thanh phan lipid. Ving phé tir 1680 - 900 cm thé hién cac dao
dong dic trung ciia vong thom va hop chat phenolic. Cac dinh tai 1448 - 1444 cm™ dugc quy cho dao
dong udn khong ddi xing ctia nhom —CHs. Su hién dién ciia cac hop chét sinh hoc nhu carbohydrate,
lipid, protein va dic biét 1a polyphenol ciing dugc thé hién qua cac dai hap thu trong ving 1800 - 900
cm'. Phan tich FTIR x4ac nhan sy hién dién cua cidc nhom chirc ddc trung ctia anthocyanin nhu —OH,
—C=0, —C=C va lién két ether (C—O—C) [24,26]. Pang chu ¥, pho FTIR ciia mau chiét bang enzyme
Optimash TBG két hop siéu 4m c6 cuong d6 va do rong dai hap thy 16n hon so véi cac phuong phép
siéu 4m don 1¢ hodc sir dung enzyme cellulase va viscozyme L, cho thdy hi¢u qua trich ly cao hon va
kha ning giai phong hop chat t6t hon.

4. KET LUAN

Nghién ctru di tién hanh khao sat anh huéng cia céc yéu td don dén qua trinh trich ly anthocyanin
tir vo khoai lang tim, qua d6 x4c dinh diéu kién phu hop bao gdm hé dung méi ethanol:nude (70:30,
v/v), diéu chinh pH vé 1 bang acid acetic va sir dung enzyme Optimash TBG. Trén co s& d6, phuong
phap bé mit dap tmg (RSM) véi thiét ké Box-Behnken dwoc ap dung nham tdi wu héa toan dién quy
trinh trich ly. Két qua cho thay sy sai khac khong dang ké giita gia tri du doan tir mo hinh va dir liéu
thuc nghiém, chimg minh do tin cdy va tinh pht hop cao ctia mé hinh ti wu. Pdi v6i phuong phép trich
ly c¢6 hd trg siéu am, diéu kién t6i uvu dugc xac dinh tai thoi gian 29,96 phut, bién d6 dao dong 39,61%
va ty 1¢ nguyén liéu/dung moi 1:20,73 (v/w), v6i ham lugng anthocyanin dat tdi da 0,5246%. Khi két
hop enzyme véi siéu am, diéu kién tdi wu cua qua trinh hoat hdéa enzyme dugc xac dinh tai pH 4,95,
thoi gian 36,01 phuat va nhiét d6 53,86 °C, cho ham lugng anthocyanin dat 0,8474%, cao hon dang ké
so voi phuong phap siéu am don 1é. Phan tich phd FTIR cua cao chiét cho thay sy hién dién cua cac
nhém chie dic trung cua anthocyanin nhu —OH, —C=0, —C=C va lién két ether (C—O—C), qua d6 xéc
nhan sy ton tai ciia hop chat muc tiéu trong mau chiét.

Loi cam on: Nghién ctru nay do Truong Dai hoc Cong Thuong Thanh phé H) Chi Minh bao tro va cip
kinh phi theo Hop dong so 166/HD-DCT ngay 31 thang 8 nam 2023.
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ABSTRACT

OPTIMIZATION OF ANTHOCYANIN EXTRACTION PROCESS FROM PURPLE
SWEET POTATO PEEL (Ipomoea batatas L.) USING ULTRASOUND-ASSISTED
ENZYMATIC EXTRACTION METHOD

Mai Thi Hoai Thuong, Dao Thi Thu Thao, Tan Van Hau
Le Thi Hong Thuy, Nguyen Thi Luong*
Ho Chi Minh City University of Industry and Trade
*Email: luongnt@huit.edu.vn

This article presents the results of research on optimizing the anthocyanin extraction process from
utilizing waste materials - purple sweet potato peels, using the ultrasound-assisted enzymatic extraction
method. The study investigated single factors such as solvent type (ethanol, methanol, water); solvent
system ethanol:water (100:0, 30:70, 50:50, 70:30, 100:0) and acidifying type (acetic, hydrochloric, citric
acid). At the same time, using the response surface methodology with a central composite design (RSM-
CCD) to optimize the anthocyanin extraction process from purple sweet potato peels. The model is
designed with 17 experiments with 5 experiments at the center to build for 3 survey factors using the
ultrasound-assisted extraction method inclusive of time (15 to 45 min), machine amplitude (20 to 60%)
and material:solvent ratio (from 1:10 to 1:30); by ultrasound-assisted enzymatic extraction method
inclusive of activation pH (pH 4 to 6), activation time (15 to 45 min) and activation temperature (40 to
60°C). The ANOVA analysis results show a high R? coefficient and p <0.0001, proving that the model
is statistically significant, validated model was achieved at the highest anthocyanin result of 0.8474%.
FTIR spectrum of anthocyanin shows the existence of functional groups OH, C=0, C=C and C-O-C
characteristic of anthocyanin.

Keywords: Optimization, anthocyanin, purple sweet potato peel, enzyme, ultrasound.
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