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TOM TAT Bai bdao nay trinh bay nhing ket qua nghién ciu cdc phwong phdp gidi
quyét bai todn t6i wu da muc tiéu véi chudn toi wu té6 hop S va chudn t6i wu t6 hop R. Da tzen
hanh nghién ciru thuc nghiém dé xdy dung cac ham muyc tiéu mé ta sy anh huong cua cac yéu
10 cong nghé (nhiét do, thoi gian, nong do HCl) den qud trinh chiét chat mau anthocyanin.
Bang phiwong phap 16i wu da muc tiéu véi chudn toi wu t6 hop R da xdc dinh dwoc diéu kién
cong nghé t6i wu cho qud trinh chzet tach chat mau anthocyanin ¢6 dé mau cao: nhiét do -
510C, thoi gian chiét - 56 phit, nong @6 HCI - 0,4IN va thu duwoc két qua: ham hrong
anthocyanin dat 1,203% voi do mau la 3,202.

1.PAT VAN PE

Anthocyanin la hop chit mau hitu co thién nhién thudc nhom flavonoid c6 mau do tim, ton
tai trong mot s6 rau qua. Anthocyanin la mét glucoside do gbc duong glucose, galactose, hay
rhamnose két hop véi gbe aglucone. Khung carbon gom hai vong benzen A,B (R1, R2 la nhom
hydroxy hodc metoxy) va vong pyran C. Ngoai viéc cho mau sac dep, anthocyanin giap co thé
ngan ngua, chdng mot s6 bénh va c6 kha ning khang khuan. Chinh vi vay viéc nghién ciru thu
nhan chat mau anthocyanin tir cac loai rau qua 1am chat mau an toan trong thuc pham 1a van
dé can thiét.

Trong qué trinh nghién ctru chiét tich anthocyanin ca hai tiéu chi: ham luong va d6 mau
cua dung dich thu dugc déu mong mudn dat duoc két qua tét nhit. Vi vay da xuét hién su doi
hoi phai dat ra va giai quyét mot cach chudn muyc bai toan t6i wu (BTTU) da muc tiéu. Day la
16p bai toan t6i wu thuong xuyén xudt hién trong thuc té va gy ra rat nhiéu lung ting cho cac
nha nghién ctru thude cac linh vyc khac nhau. Bai bao nay trinh bay cac két qua nghién ctru vé
mat 1y thuyet giai bai toan t61 wu da muc tiéu voi hai chuén t6i vu t6 hop S(Z) va R(Z). Cac
két qua d6 dugc van dung trong nghién ciru thuc nghiém xéac dinh diéu kién chiét tach t01 uu
anthocyanin tir qua dau trén co s& xac 14p va giai bai toan t6i vu da muc tiéu v6i chuan tdi uvu
t6 hop R(Z) ctua phuong phap ving cam.
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2. TOI UU PA MUC TIEU VOI CAC CHUAN TOI UU TO HQP S VAR

2.1. Mot s6 khai niém co sé

Xét mot doi twong cong nghé voi m ham muc tiéu 11(Z), 12(Z) , ..., Im(Z) tao thanh
vecto ham muc tiéu \(Z) = { j(Z) = (11(Z), 12(Z) , ... ,Im(Z)), trong d6 mdi ham muc tiéu
thanh phan Ij(Z) phu thudc vao n bién tac dong Z1, ZZ ., Zn (tao thanh vecto cdc yéu té anh
hwéng hay con goi 1a vecto bién Z). Céc bién nay blen thién trong mién gidi han QZ va cac
gia trj ciia cac ham muc tiéu sé& tao thanh mién gid tri ciia ham muc tiéu QI ( mién nim trong
duong cong kin A - I(ZS) - I(ZR) — B—N — M - A trén hinh 1). M6i ham muc tiéu Ij(Z) cung
v6i vecto bién Z = { Zi y=(Z1,22,...,Zn)€ QZ hinh thanh moét BTTU mét myc tiéu. Dé
don gian nhung khong hé lam mat tmh chat tong quat, trong bai bio nay BTTU m muc tiéu s&
dugc trinh bay cho trudng hop fodn bé m BTTU mét muc tiéu déu la cdc bdi todn tim cwc
tiéu c6 dang:

Ijmin =[j (Z1,jopt, Z2,jopt, ..., Zn,jopt) =min [j (Z1,Z2, ... ,Zn)

(1)
Z=1{Zi}=(Z1,22,...,7Zn)€ QZ
(2)
j=1+m (3)

2.1.1.Phuong dn khéong twong va hiéu qud khong twong

Néu tdn tai vecto bién ZUT = { Zi UT} = (ZIUT, Z2UT, ..., ZnUT ) € QZ 1 nghiém
chung cho tit ca m BTTU mét myc tiéu (1) + (2), nghia 1a Zi UT = Zi,jopt véimoi i=1+n,
thi ZUT duoc goi 1a phuong an khong tudng hodc nghiém khong tudng cia BTTU m muyc
tiéu. Trong thuc té thuong khong ton tai ZUT nhung vi mdi BTTU mét muyc tiéu (1) + (2) van
¢6 cac Ijmin twrong ng nén van ton tai IUT = (I1min, [2min , . , Immin) va khi d6 IUT =
(Ilmin, 2min, ..., Immin) dugc goi 1a hiéu qua khong tuo‘ng hay dlem khong tuong. Trén
hinh 1 diém khong tudng IUT cua BTTU hai muc tiéu ton tai nhung nam ngoai mién QI tirc 1a
nghiém khong tudng ZUT khong ton tai.
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Hinh 1.Khong gian ham muyc tiéu cia BTTU hai muyc tiéu
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2.1.2.Phwong dn trgi va phwong dn bi trji
Vi hai vécto bién ZQ = { ZiQ } vAZV = { ZiV },i=1+n, s& ¢6 hai vecto ham muyc tiéu
twong ing I(ZQ)={ (ZQ) } ,(ZV )={L(ZV)},j=1+m .Neéu voi moijdeuco:
[(ZQ) <Ty(ZV) “)
thi ZQ dugc goi la phwong dan tréi (hay nghiém tréi) so voi ZV (ky hiéu ZQ >’ ZV), con
7N duoc goi la phwong dn bi trgi (hay nghié¢m bi trgi) boi ZQ (ky hiéu ZV ‘<’ ZQ). Mot
cach tuong tng cling c6 I(ZQ) >’ I(ZV ) val(ZV ) ‘< I(ZQ).
2.1.3.Phwong dn paréto-téi wu
Phuong an ZP duoc goi la phwong dn paréto-toi wu néu ZP khong thé bi troi boi bat ky
phuong 4n nao khac thuge mién gidi han Q7 . Khi @6 I(ZP) duogc goi la mot hié¢u qud paréto-

t6i wu nam trong tdp higu qud paréto-t6i wu QIP. Trén hinh 1 tap hiéu qua paréto-tdi vu QIP
chinh la dudng cong A - I(ZS) - I(ZR) - B ).

2.2. Két qua va thao luin

2.2.1. Binh Iy paréto-toi wu

Pinhly 1: Néu BTTU da muc tiéu co nghiém dwoc goi la 16i wu theq mot cdach dinh nghia
nao do thi khong p]lu thuoc vao cach dinh nghia da chon, nghiém toi wu do phai la mot
phuong an paréto-toi uu.

Chirng minh: Néu nghiém tf)i uu Z cia BTTU da muc tiéu khong phai la mdt phuong an
paréto-toi uu thi chac chan c6 thé tim dugc it nhat mét phuong an trdi hon Z. Bicu d6 chimg to
rang Z khong thé dugc cong nhan 1a nghiém t61 vu va dan dén méu thuan voi gia thiét rang Z
da 1a nghi€m t6i wu. Vay Z phai la mdt phuong an khong thé bi trdi, tirc 1a mot phuong an
paréto-toi uu.

Nhu vy, theo Dinh 1y paréto-tdi wu, mot nghiém cua BTTU da myc ti€u (1) + (2) + (3)
tim dugc bang moét phuong phap giai bat ky nao do, mudén dwgc cong nhan 1a t61 uu theo
phuong phap giai da Iya chon, trudc hét phai dugc chiing minh rang nghi€ém do phai 1a mot
phuong an paréto-toi uu.

2.2.2. Phwong phdp diém khong twong

Xét BTTU m muyc tiéu (1) +(2) + (3) Sau khi giai timg BTTU mdt muc tiéu s& xac dinh

dugc cac gia tri t6i wu [1min, [2min , . ., Immin va dlemﬂkhong tuong IUT = (I1min, [2min ,
, Immin). Dinh nghia mét chuin t01 uu t6 hop S theo biéu thic sau:

D@1 Y@ -1
s@) = =[ - (5)
Dé dang thiy rang S(Z) chinh 1a khoang cach tir diém I(Z) téi diém khong twong IUT .
Chon chuan t6i wu t6 hop S(Z) 1am ham muc tiéu, BTTU m muc tiéu dugc phat biéu lai nhu
sau:
Hay tim nghiém ZS= (Z18, Z2S , ... , ZnS) nim trong mién gi¢i han QZ sao cho ham muc
tiéu S(Z) dat gia tri cuc tiéu.

i([j(z)_[;nin)Z]l/Z
Smin = S(ZS) = min S(Z) =min [ /= (6)
Z={Zi}=(Z1,72,...,Zn)€ QZ
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BTTU da muc tiéu ( 6 ) da duoc d& xudt cho cic bai toan cong nghé [ 6 ] nhung chua
ching minh dugc ring nghiém ZS 1a mot nghiém paréto-téi wu. Trong bai bao ndy s& dua ra
chung minh quan trong nay.

- Pinh 1y 2: Nghiém ZS ciia BTTU ( 6 ) , néu ton tai, s& 1a nghiém paréto-tdi wu ciia
BTTU m muc tiéu (1) + (2) + (3).

- Ching minh : Gia sir ZS khong phai 1a nghiém paréto-toi uu. Khi d6 s& im dugc mot
nghiém ZS* trdi hon ZS . Theo dinh nghia, nghiém troi ZS* nhat dinh phai c6 it nhit mot hiéu
qua Ik(ZS*), trong d6 m > k > 1, sao cho Ik(ZS*) < IK(ZS). Tir d6 suy ra S(ZS*) < S(ZS) .
Diéu ndy mau thuan véi gia thiét raing ZS 1a nghiém t6i wu ( 6 ). Vay khong thé ton tai bat ctr
nghiém nao khac troi hon ZS va ZS phai 1a mot nghiém paréto-tdi wu.

Ky hiéu I(ZS) =IP,S = (11P,S, I2P,S, ..., ImP,S). V(';i phuong phap diém khf)ng tué’pg
nghiém paréto-toi uu ZS tim dugc s€ cho hi¢u qua paréto-toi uu I[(ZS) = IP,S ding gan diém
khong tuéng IUT = (Ilmin, [2min , ... , Immin) nhat. Truong hop m=2 dugc minh hoa trén
hinh 1.

2.2.3. Phwong phdp viing cim
Trong thuc té nhiéu BTTU da muc tiéu du‘.’()’C dat ra c6 cac didu kién rang budc ddi voi
chinh céc gié tri cua cac ham muc tiéu thanh phan [j(Z) :
[(2)<Cj,j=1+m (7)
Céc rang budc ( 7 ) tao thanh ving cdm C = { [j(Z) > Cj } ddi véi ham muyc tiéu I(Z).
Phuong phap ving cdm [6,7] d& xuét cach giai BTTU m muc tiéu véi chuan t6i wu td hop
R(Z):

1@

R(Z) =r1(Z).12(Z)..1m(Z) = '~ (8)
trong do : g2)=1C-1j(@)]/(Cj—Lmin) khilj(Z) <Cj (9)
va: j(Z2)=0 khi [;(Z) > Cj (10)

V6i chudn t6i wu t6 hop R(Z) BTTU m muc tiéu duoc phat biéu nhu sau:

Hiy tim nghiém ZR= (ZIR, Z2R , ... , ZnR) nam trong mién gi6i han QZ sao cho ham

muc tiéu R(Z) dat gia tri cuc dai.
H r(Z)
Rmax = R(ZR) = max R(Z) =max [ /~ ] (11)
Z={Zi}=(1,72,...,7Zn) € QZ

D@ dang thay rang 1 > R(ZR) > 0, trong d6 R(ZR) = 1 khi nghiém t4i wu chinh 13 nghiém
khong tuong ZUT va R(ZR) = 0 khi chi cin mdt trong céac gi tri Ij(Z) vi pham bat diang thic
(7) , nghia 1a khi diém I(Z) roi vao ving cam C.

Nghiém t6i uu ZR ciing di duoc chimg minh 13 mot nghiém paréto-tdi wu [6,7] .

Ky hiéu I(ZR) = IP,R = (I1P,R, I2P,R , ... , ImP,R). Vi nghiém tdi wu ZR, hi€u qua
paréto-tdi wu IP,R = (I1P,R, I2P.R , ..., ImP,R) ding cach xa ving cdm C nhat. Mot cach
hoan toan tuong duong c6 thé thay chuan téi wu R(Z) bang chuén t6i wu R*(Z) = [R(Z)]1/m .

Trén hinh 1 ca hai hiéu qua paréto- -ti wu I(ZS) va I(ZR) déu thudc tap hop cac hiéu qua
paréto-tdi uu QIP (dudng cong A - I(ZS) - I(ZR) - B) nhung nghiém paréto-tdi uu ZR cho
hiéu qua paréto-t6i uu [(ZR) nam xa ving cAm nhat. Trong khi d6 nghiém paréto-tdi wru ZS
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cho hiéu paréto-tdi wu I(ZS) ndm gan diém khong tuong IUT nhét nhung lai roi vao ving
cam C.

3.TOI UU HOA DPIEU KIEN CHIET TACH CHAT MAU ANTHOCYANIN CO PO
MAU CAO TU QUA DAU

3.1. Nguyén liéu

Qua dau ’tﬁm Hoi An, duoc 1am sach, can mdi mau 50g, bao quan ¢ -200C dé 1am nguyén
liéu trong suot qua trinh nghién ctru.

Hé dung méi phan cuc dé chiét 1a ethanol-nuée-HCI [2]

3.2. Phwong phap nghién ctru

* Phuong phap pH vi sai dé xac dinh ham lugng anthocyanin tho va d6 mau [5]

* Phuong phap qui hoach thuc nghiém quay cap hai ctia Box- Hunter [1] dé xdy dung mo
ta toan hoc bi€u dién cac ham muc tiéu thanh phan.

* X4c 1ap va giai BTTU 2 muc tiéu bang phuong phéap ving cAm.

3.3. Két qua nghién ctru thye nghiém va thio luin

3.3.1. Thiét lap cdc ham muc tiéu thanh phan dwdi dang cdc phwong trinh héi quy

’Qué trinh chiét chat ,méu anthocyanin c6 d0 mau cao phu thudc vao cac yéu td: nhiét do
chiét (Z1), thot gian chiét (Z2) va nong do HCI (Z3). Tur két qua nghién ctru [3] dé xac dinh
dugc cac di€u kién thi nghiém (Bang 1), xdy dung ma tran thuc nghiém voi k = 3, tién hanh 20
thi nghiém va biéu dién keét qua ¢ bang 2. Cac bién x1, x2, x3 la cac bién ma hda tuong ung
ctia Z1, Z2, Z3. Canh tay don o c6 gia tri bang 1.682  [1].

Bang 1.Cac mirc yéu to

Cac muc

Yéu tb Muc co so . Khoé ng bicn
+a Mtrc trén, +1 0 > | Muc dudi, -1 - thién (1)
Z1,0C 61,82 55 45 35 28,18 10
Z2,phat | 76,82 70 60 50 43,18 10
73, N 0,453 0,45 0,4 0,35 0,346 0,05
Bang 2. Ma tran thyc nghiém phuong 4n quay cap hai, k = 3 va két qua
N x0 | xI | x2 | x3 | x1x2 | xIx3 | x2x3 "21 "22 "23 1 2
TYT | 1 + - - - + + + + | + | + | 1,143 | 2,854
K T T oo - - T+ 1199 | 2.804
3 + - + - + - + + + 1,083 | 2,874
4 + + + - + - - + + + 1,136 | 2,906
5 + - - + + - - + + + 1,158 | 3,022
6 + + - + - + - + + + 1,193 | 3,078
7 + - + + - - + + + + 1,149 | 3,022
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+ + + + + + + + + + 1,181 | 3,070

+ -a | 0 0 0 0 0 o2 | O 0 | 1,109 | 3,114

10| + [4a | O 0 0 0 0 o2 | O 1,183 | 3,189

” 11| + 0O |-aa| O 0 0 0 0 0 | a2 | 1,186 | 3,192
12| + 0O |+a | O 0 0 0 0 0 | a2 | 1,126 | 3,202

13| + 0 0 | -o 0 0 0 0 | a2 | O | 1,145 | 2,446

14| + 0 0 | +a 0 0 0 0 | a2 | O | 1,197 | 2,725

15| + 0 0 0 0 0 0 0 0 0 | 1,201 | 3,189

16 | + 0 0 0 0 0 0 0 0 0 | 1,210 | 3,199

0 17 | + 0 0 0 0 0 0 0 0 0 | 1,200 | 3,189
18| + 0 0 0 0 0 0 0 0 0 | 1,210 | 3,199

19 | + 0 0 0 0 0 0 0 0 0 | 1,211 | 3,188

20 | + 0 0 0 0 0 0 0 0 0 | 1,199 | 3,200

Hai ham muc tiéu thanh phan : 11(x1, x2, x3) - ham lugng anthocyanin (%); 12(x1, x2, x3) -
d6 mau cua dung dich thu duogc.

Sau khi tinh toan cac hé sd hoi quy, kiém dinh su co nghia cia cac hé s6 hoi quy theo
chuén Student , kiém tra sy twong thich ctia phuong trinh hoi qui véi két qua thyce nghiém theo
chuan Fischer da thu dugc céc phuong trinh hoi qui 11(x1, x2, x3), 12(x1, x2, x3) md ta anh
huong cta nhiét do, thoi gian, néng do HCI d&én ham lwgng anthocyanin thu duoc va d6 mau
nhu sau:
I1(x1,x2,x3)=1,204+0,022x1-0,018x2+0,015x3+0,013x2x3-0,021x12-0,017x22-0,012x3 (12)
12(x1,x2,x3)=3,195+0,022x1+0,083x3-0,015x12-0,215x32 (13)

3.3.2.Gidi cdc BTTU mét muc tiéu

Cac BTTU mot muc tiéu : Ilmax = max I1(x1, x2, x3) va I2max = max 12(x1, x2, x3) VO‘l
mién giéi han QX = (-1,682 < x1, x2, x3 < 1,682) duoc giai nhd su ho trg cia phan mém
Excel-Solver. Két qua tinh toan cho phép xac dinh duoc cac thong s tdi wu cho timg BTTU
mot muc ti€u trong vung nghién cuu thuc nghiém :

Il max =1,216 véi x1,lopt= 0,524 ; x2,1lopt =-0,336 ; x3,1opt =0,426

2 max =3,211 vé6i x1,20pt=0,073 ; x2,20pt = 0,000 ; x3,20pt=0,190

Tir @6 xac dinh duoc diém khong tuong IUT = (I1max , 2max) = ( 1.216 , 3.211 ). R
rang rang trong nghién ctru thuc nghiém nay di chi ra diém khong tuéng nhung phuong an
khoéng tuong van khong t6n tai vi xi, 1opt # xi,2opt (i=1,2,3).

3.3.3. Gidi bai todn Toi wu da muc tiéu theo phwong phdp viing cim

Qué trinh chiét tach anthocyanin c6 d¢ mau cao dugc biéu dién boi hai phwong trinh hoi
qui (12), (13). Vi khong thé c6 dugc mot nghiém chung dé dat duoc hai gia tri I1 max, I2 max
nén BTTU dugc dat rala tim nghiém paréto-tdi wu dé hiéu qua paréto-tdi wu IP (I1P, I2P)
cach xa vung cAm nhét .

Ttr thuc té nghién ctru va st dung chat mau anthocyanin xac dinh dugc ving cam:

n>Cit=1.1val2 >C2=3.0.
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Xay dung ham muyc tiéu to hop

R*(x1, x2, x3) = [r1(x1, x2, x3).r2(x1, x2, x3))]1/2

trong d6 : r1(x1, x2, x3) = (I1(x1, x2, x3) -1.1)/(1.216 — 1.1) khi I1(x1,x2,x3) >1.1;

rl(x1, x2, x3) =0 khi I1(x1, x2, x3) < 1.1 va r2(x1, x2, x3) = (12(x1, x2, x3) -3.0)/(3.211
—3.0) khi 12(x1, x2, x3) > 3.0 ;r1(x1, x2, x3) =0 khi 12(x1, x2, x3)<3.0

Giai BTTU : R*max = max [rl(x1, x2, x3).r2(x1, x2, x3))]1/2 -
-1,682 <x1, x2,x3 < 1,682

Nho su hd tro ctia phan mém Excel —Solver dd xac dinh duoc :

x1R =0,585; x2R =-0,448 ; x3R =0,210 ;

R*max = 0,999.

Thay x1R, x2R, x3R vao phuong trinh (12), (13) xac dinh dugc: I1R = 1,216 12R =
3,210.

D6i sang bién thuc:

Z1R=510C; Z2R =56 phut; Z3R=0,41 N

Nhu vay theo tinh todn tr cic m6 hinh théng ké tl}uc nghiém (12), (13) diéu kién chiét
tach anthocyanin tur qué dau dam bép cho chuan t6i vu to hop R dat cuc dai tng voi nhiét do -
510C , thoi gian chiét — 56 phit, nong d6 HCl — 0,41 N. Khi d6 ham luong anthocyanin dat
1,216%, 0 mau dat gia tri 3,210. Can cu vao cac ket qua nghién ctru thuc nghlem da tién hanh
[2,3] co thé thay rang cac két qua tinh toan t61 tru 1a pht hop va dap tng t6t cac muc tiéu thanh

phan. Bé khang dinh két luan nay da tién hanh cac thi nghiém kiém ching va thu dugc két qua
trinh bay ¢ phan dudi day.

3.4. Thi nghi¢m kiém chirng

Tién hanh thi nghiém kiém chimg tai nhiét @6 510C, thoi gian chiét 56 phut, ndng d6 HCI
0,41N va thu dugc két qua % anthocyanin la 1,203%, d6 mau la 3,202.

C6 thé théy rang 'két qua tinh toan diéu kién chiét tach t6i wu anthocyanin bang phuong
phap vung cam cho két qua hoan toan phu hop véi thuc nghiém.

4. KET LUAN

Qua trinh chiét tach chit mau anthocyanin tir qua ddu Hoi An dugc nghién ctru mot cach
hé thdng bang phuong phap toan hoc két hop vdi cac phuong phap thuc nghiém chuyén
nganh.

Cac phuong trinh hoi qui (12), (13) thu duge tir thuc nghiém la cac md hinh thong ké thuc
nghiém mo ta rat t6t sy anh huong cua nhiét do, thoi gian, ndng d6 HCI dén kha ning chiét
tach chat mau anthocyanin c6 d6 mau cao tir qua dau.

Phuong phap ving cdm véi chudn ti wu t6 hop R* ( twong dwong voi chudn R ) thyc su 1a
mot phuong phap hiéu qua va thich hop cho Viéc giai quyét cac BTTU da muc tiéu.

Bing cach van dung phuong phap viung cAm d3 x4c dinh duoc didu kién cong nghé téi vu
cho qua trinh chiét tach chit mau anthocyanin c6 do mau cao tai nhiét do 510C, thoi gian chiét
56 phut, nong d6 HC1 041N va thu dugc két qua % anthocyanin 1a 1,203%, va do mau la
3,202.
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