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ABSTRACT

This paper presents the research results on methods for solving multi-
objective optimization problem using the fuzzy utility function. Empirical
research is conducted to develop objective functions that describe the
influence of technical factors (pH, optical wavelength A and sample volume)
to the extraction of anthocyanin pigment. By employing the multi-objective
optimization method using the fuzzy utility function, the best technological
parameters on the anthocyanin extract process are defined: pH = 1.0, 4 =
420 nm and sample volume = 10 mL, and in this extract condition, the high
concentration of anthocyanins- 3.18% and the colour degree reaches the
optimat value - 0.337.

TOM TAT

Bai bao nay trinh bay nhitng két qua nghién citu cdc phwong phéap giai quyét
bai toan téi wu da muc tiu véi viéc sir dyng ham théa dung mo. Nhém
nghién cizu da tién hanh thuc nghiém dé xay dung cac ham myc tiéu mo ta s
dnh hieong cua cac yéu té cong nghé (pH, bude song do quang A, thé tich
mau si dung) dén qué trinh tach chiét chat mau anthocyanin. Bang céch tdi
wu da muc tiéu voi phuong phdp stk dung ham théa dung mo, da xdc dinh
dwoc diéu kién phan tich tdi wu cho qud trinh chiét tach chat mau
anthocyanin trong moi truong ethanol, ¢6 do mau cao tai pH = 1, do quang
& buréc song 420 nm, va thé tich mau si dung la 10 mL, thi thu diroc két qud:
ham luong anthocyanin dat 3,18 %, vdi do mau do dwoc dat cuc tri 0,337.

1. GIOI THIEU

Trong qué trinh thuc nghiém, viéc phat hién
nhitng phuong an t6i wu cho phép rit ngan thoi
gian, sb lan thi nghiém va lugng kinh phi cho cac
hoat dong nghién ciru 13 mét viéc can thiét va can
trién khai thuong xuyén trong cac dé tai khoa hoc.
Véi mot nghién ciu thuc nghiém bao gom nhiéu
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cach phai giai quyét cac muc tiéu dit ra, thi viéc
tim kiém céch giai cho bai toan tbi wu da muc tiéu
la diéu mong moi cua cac nha nghién ciru & cac
linh vuc khac nhau.

Anthocyanin 1a chét hitu co mau thién nhién thugc
nhom Flavonoid, c6 mau d6 dic trung dé chuyén
d6i mau ¢ nhitng diéu kién nhat dinh. Pay 1a mot
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dang Glucoside do cac goc ho duong: Glucose,
Galactose, Rhamnose két hop véi goc aglucone
ma tao thanh, n6 c6 nhiéu trong céc loai rau qua
thuc pham. Chinh vi vay, viéc kiém tra, dinh
lugng anthocyanin trong cac loai rau qua, hay
chiét tach ching ra, 1am cac chat mau cho thuc
pham hay cho my pham, 13 vin dé can thiét.

Duya vao sb liéu do dugc tir viée xac dinh céc yéu
t6 vao diéu kién tach chiét lwong Anthocyanin
trong dung moi Ethanol/ nuéc hoac Ethanol/dung
dich HCI, xac lap va giai bai toan téi wu 2 muc
titu (mau do quang va lugng chat chiét
anthocyanin). Hai muc tiéu (@6 mau va lugng chat
anthocyanin) la két qua ma tt ca cac nghién ctu
vé chiing déu cb ging dat duoc s6 lidu t6t nhat.
Bai nghién ctru nay da cb gang di dén 2 muc tiéu
nay, nghién ctu trinh bay cac két qua nghién ciu
vé mat ly thuyét giai bai toan téi wu hai muyc tiéu
dua trén phuong phap dung ham thoa dung mo
theo nguyén ly Pareto va kiém chang ching bang
thuc nghiém truc quan. Pay 1la mét hudng nghién
ciru mGi va cd thé thuc hién trong phong thi
nghiém, nham huéng dén giai quyét cho bai toan
t6i vu nhiéu muc tiéu (3,4.. muc tiéu) cd céc
nghién cau thyc nghiém tuong lai.

2. CO SO LY THUYET VA PHUONG
PHAP NGHIEN CUU

2.1 Co sé ly thuyét

2.1.1 Mb ta

Gia sir mot hé thong cong nghé duoc biéu dién 1a :
Y = f(Zl,Zz,...,Zk)

Trong 46 : Z1,Z2,...Zy: 1a p thanh phan coa
vecto théng sé dau vao.

Ham muc tiéu duoc xac dinh ¢ dang: Y = Y
(Z1,Z2,..,Z,).

Bai toan dugc biéu dién Y %t = opt Y (Z1,Z2,...,Zx)
=Y (24 0PLZ, 0Pt 7, OPY),

hodc Y ot =
max.

max Y (Z1,Z2,...,Zx): d6i véi bai toan

Y ot = min Y (Z1,Z2,...,.Z«): d6i véi bai toan
min.
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Y ot : higu qua téi uu cho muc tiéu Y
(21,22,...,Zx).

Z4 0Pt Z, Ot 7, 9Pt |3 nghiém tdi wu hoic
phuong an t6i uu.
Céc diéu kién rang budc nén duoc chon lya tir cac
yéu té anh huong, hay diéu kién thyc nghiém, s&
gilp giai quyét viéc chon hudng thuc nghiém tét
nhét trong thyc té.
Véi viéc xac lap nhiéu myc tiéu Y (j=1,2, ..., p)
can quy hoach dé tim cyc tri Y;j °, thi viéc tim
nghiém téi wu phuc tap hon nhidu.
2.1.2 Cac nguyén tac thyc hién:

- Nguyén tic 1 (nguyén tic phac tap dan md
hinh to&n hoc):
Tir cac sb liu dé xay dyng ham muc tiéu can
duoc xay dung, tir nhimg mé hinh don gian, roi tir
Kiém tra tinh tuong thich cuia md hinh. Néu phu
hop, thi sir dung mé hinh d6, néu khéng phu hop
thi tién hanh xay dung cac budc tiép theo cua céc
md hinh nang cao, mo hinh phuc tap hon dya trén
cac thi nghiém thyc nghiém. Sau d6 kiém tra md
hinh méi cho dén khi dat dugc mé hinh phd hop
véi thuc nghiém.
- Nguyén tic 2 (nguyén tic ddi chung tir cac yéu
t6 anh huong thuc nghiém):
Khi xay dung md hinh, viéc xuét hién cac hiéu
g tac dong dén céc yéu té anh huong, dén cac
diéu kién thuc nghiém 1a diéu tat yéu. Vi thé, md
hinh cang chinh xac, cang chat ch&, mo ta duoc
cac yéu té nay, thi sy tac dong céc hiéu Gmg do s&
lam tang d6 chinh xéac cua két qua nghién ctu 1én.
- Nguyeén tic 3 (nguyén tic ti wu Pareto):
Lap mién cac phuong an kha thi caa bai toan, tic
Ia phai thoa man tit ca cac rang bugc: R* € D.
Xét phuong an kha thi R € D, R # R*. Néu ton
tai mot chisé i € {1, 2, ..., p} sao cho Yj(Z) >
Yj(Z*) thi ton tai j € {1, 2, ..., p}, j # i, sao cho
Yi(x) < Yj(Z*). N6i mot cach khac, khong ton tai
mot phuong an kha thi ndo R € D ¢6 thé troi hon
Z* trén f téng thé tat ca cac myc tiéu.
2.1.3 Quy hogch thyc nghigm TYT / TYP
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- Xay dung ving khao sat, mién quy hoach voi
s6 yéu tb khao sat (k) thi sb bién (Z1,Z2,...,Zk).

- Muc yéu to: Zgmin ; Zpmin s Zgmin vy va
Z4MaX : 7 max - 7 max y; s

k
Y=f(BZ)= Bo+ ) B,.Z,
j=L

- Lap mo hinh quy hoach bac 1, bac 2, phuong
trinh hdi quy tuyén tinh, phuong trinh phi
tuyén.

k K
Y=Bo+ ».B;.Z;+ D.BZZ, +...

j=1 ju=l

J£U

kK K
Y =Bo+ Zl:Bj.zj +Z;Bj.zl?
1= 1=

k k
Y:BO+ZBJ-.Z]. +Z;BJ"ZJ'2 +
J:

=1

- Tim céc hé s6 B = [Bo, B1, By ..., Bk, B1z, Bus,
. Bjj.....]?jjj_“] o ’

- Dung chuan Student dé kiém tra cac hé so (B)
phuong trinh.

- Dung chuin Fisher dé kiém tra tinh twong
thich gitra phuong trinh toan hoc va thuc
nghiém.

- Xéc dinh ham muc tiéu : Y1 = f1 (Z1,Z2,...2x);
Yz = fz (Zl,Zz,...,Zk)

- Giai tim diém téi vu bang phuong phap thoa
dung m¢& twong tac: Y = opt Y (Z1,Z>,...,Zk)
VGi nghiém Z; %t Z, oPt | 7, o,

- Tién hanh thyc nghiém xac nhan mé hinh téi
uu hoa thuc nghiém thanh cong.

2.1.4 T6i wu da myc tiéu bang phwong phdp thoa
dung mo tuong tdc

C6 kha nhiéu cac phuong an dé giai quyét bai
toan téi wu da muc tiéu, nhu: Phuong phap tham
s6, phuong phap noén phap tuyén, phuong phap
véc to cuc dai, phuong phép trong sé tuong tac,
phuong phap thoa dung mo twong tac v.v... Mdi
phuong 4n déu c6 cac wu diém trong huéng giai
quyét vin dé cho cac ddi twong caa minh.

Cac budc thyc hién cho phuong phap phuong
phép thoa dung mo tuong tac:

zk:Bju.zj.zu+....

ju=l
Ju

2.1.4.1.Khgi tgo

- Xac dinh s6 liéu cho cac ham muc tiéu Yj (j =
1,2,3, ...,p) voi cc yéu tb twong tac Zi (i =1,
2,3, ...) trong cac diéu kién rang buéc Rm (m
=1, 2, 3, ..). (Néu v&i myc tiéu nao dé bai
toan khong cho phuong 4n t4i wu thi can xem
xét dé diéu chinh lai cac didu kién rang budc
ban dau).

- Lap bang Pay-off.

- Xac dinh gia tri can trén Y® va gia tri can
dudi YW cho tirng muc tiéu Yij.

Xac dinh cac ham théa dung mo pi(Ya), ...,
Hp(Yp) cho ttng muc tiéu dya vao bang Pay-
off, theo cong thirc (1):

w

Y -Y,
(Y )= 1
#(Y;) Yooy @)

voii=1,...,p

2.1.4.2.Lap cdc budéc (theo k):

- Xay dyng ham muyc tiéu t6 hop tir cac ham
- thoa dung trén theo dang céng thac (2):

p
U= Z\Niﬂi (Y;) = Opt
=1 (2)
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W, la céc hé sb phan &nh tim
quan trong cta tirng ham thoéa dung trong thanh

Trong do:

P
phin ham td hopva D W, =10< W, <1
i=1
- bat: Sy = {X1, X, ..., Xp}, k=1vaak =Y;®
Véij=1,...,p.

p
- Gidi ham muyc tiéu t6 hop U= Wi (Y,)
i=1

v6i m rang budc Rm ban dau va p rang buac bd
sung Yj <ai.

Néu cam thdy chuathoa man véi cic gia tri

dat dugc cta cic ham muyc tiéu ciling nhu cia

cac ham thoa dung thi phwong an thu duoc

Lap mo hinh quy hoach

X chua phai 1a phuong an tbi wu thoa méan
nhét, can thay k bai k+1, quay vé budc trén.

Néu di cam thiy thoa man thi phuong 4n thu
duoc 12 Xg.

2.1.4.3.Gidi nghiém t6i uu

Két qua c6 dugc cung mot bo nghiém téi wu cho
ham thoéa dung mo tuong tac pi(Ys) , ..., Up(Yp)
twong ng Véi budc lap ki Z; %L Z, o, Z, OPL, X4c
dinh duoc ving khdng ton tai tri s6 thoa dung
hon, khong tdn tai diém tdi uu khac.

2.2 Phwong phdp nghién ciru

Thuc nghiém sé liéu rdi chuyén

vao moé hinh QH

Khong théa méan
cac kiém tra

Kiém tra cac chuan
Student va Fisher

Thoa man cac kiém tra
v

Xac dinh m6 hinh da muc tiéu
(Phuang trinh da muc tiéu)

Giai tim nghiém t6i uu
Phuang phap thda dung mg
tuang tac

S6 ligu TN
Khong pht hop
Lap céc yéu t6 theo nghiém t6i

uu va kiém chiing bang thuc
nghiém

\
S6 liéu TN phu hgp
v

Két luan
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3. KET QUA VA THAO LUAN
3.1 Nghién ciru
3.1.1 Nguyén li¢u

Trong qua dau tay, lwong nuéc chiém 91%,
carbonhydrat 7.7%, protein 0.7%, va cac phan con
lai khac, nhung mot qua dau tdy cé chira dén 25
loai anthocyanin khac nhau. Pay la nguyén nhan
lam nén mau sic dam rd cua qua thyuc vat nay. Do
do6 qua dau tay dugc chon lam la nguyén liéu thyc
nghiém dé khao sat ham luong anthocyanin.

Qua dau doé Lai Thiéu, duoc 1am sach, can mdi
mau 20 g, bao quan & 8 °C dé& lam nguyén liéu
trong suét qué trinh nghién ctu.

Hé dung mdi phan cuc dé chiét 1a ethanol/nudc va
ethanol/HCI.

3.1.2 Phuong phap thuc nghiém

Phuong phap pH vi sai dé xac dinh ham luong
anthocyanin thé va do mau: Chit mau
anthocyanin thay doi theo pH, tai pH = 1 cac
anthocyanin ton tai & dang oxonium hoic
flavium c6 d6 hap thu cuc dai, con ¢ pH = 4,5
thi ching lai & dang carbinol khéng mau. Tién
hanh do mat do6 quang ciia mau tai day budc
s6ng hap thu 420 nm — 700 nm, lan luot V6i
thé tich mau duoc st dung 5 mL — 10 mL.
Phuong phap qui hoach thuc nghiém tryc giao
cip hai cua Box- Hunter [1] dé xay dung mo ta
toan hoc biéu didn ham hai muyc tiéu véi 3
thanh phan khao sat.
Xéc 1ap va giai bai toan t6i wu 2 muc tiéu bing
phuong phap théa dung mo tuong tac.

3.1.3 Thuc nghiém s6 liéu

Quy trinh xtr Iy mau DAu:

Qua Diu

|

Rira sach bing mrdc, 48 rao

.

Cén (20g/god)

'

Nghién nhé

|

Xit Ij thé

!

Ngim trong dung méi

|

Trich Iy

!

Liy Dich trich

!

Dung dich Phin tich
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- Khao sat d6 mau va ham luong (%) anthocyanin qua céc yéu td: Budc séng A (Z1), do pH (Z2), va thé
tich lwgng mau (Zs) trong viing khao sat va muac quy hoach theo bang 1.

Bang 1. Vung khao sat va cac mac quy hoach

Budc song A Do pH Thé tich
Muc trén, (+1) 700 4,5 10
Mtc dudi, (-1) 420 1 5
Mic co s, (0) 560 2,75 75
750 5,12 11
Céanh tay don, (+ a)
370 0,38 4

-S4 lidu thuc nghiém tai tdm quy hoach duoc tién hanh theo bang 2:
Bang 2. Thi nghiém tai tdm quy hoach

STN Budéc sdng pH Thétich Mat dé quang (A) Ham lweng (%) Anthocyanin
1 560 2,75 7,5 0,080 1,322
2 560 2,75 75 0,083 1,371
3 560 2,75 75 0,080 1,323

3.1.4 Thiét Idp quy hogach thuc nghiém duéi dang phwong trinh héi quy
- Ké hoach quy hoach thyc nghiém: Budc séng (L) - Z1, pH — Z», thé tich mau V(mL) — Zs, trong ving
kiém soat: 420 <A <700;1,0<pH<4,5;5<V <10.
- Xéc dinh hé sb B trong phuong trinh theo cong thic (3):
k! k+2)(k +2
(k+D(k+2)

L=2k+1+ — =
2(k-2)! 2

3)

Phuong trinh c6 dang:
Y =Bo+B1.Z1 +B2.Zy + B3.Z3+ Bs.Z1.Z2 + Bs.Z1.Z3+ Be.Z2.73 + B7.212 + BS.ZQZ + 89.232

- Ma tran khéng thir nguy@n vai bién sb (X) duoc chuyén tir ma tran thir nguyén (Z) va duoc ha bac thanh
(x) theo cdng thuc (4,5,6)

k 2
X = X2 —v =22 t2e (4)
N
k 2
)('2 :xg_vzxg_ﬂ (5)
N
k 2
X, :x§—v:x§—% (6)

Trong d6: o =444/ N.2¥2 — 27

Phuong trinh ha bac cd dang la:
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Y =bo + b1.X1 + bo.X2 + b3.X3 + ba.X1.X2 + Ds.X1.X3 + De.X2.X3 + b7.X1, + bg.Xz, + bg.X3,
- Ma tran thyc hién phuong an tryc giao TYT véi k = 3 theo bang 3.

Bing 3. Ma tran thuc nghiém phwong an truc giao cip 2

TN Xo X1 X2 Xs XuX2 X1.X3 XoX3 X1 X2 X3 Y1 Y2

1 1 1 1 1 1 1 1 031 031 0,31 0,048 0,793

2 1 1 1 -1 1 -1 -1 031 031 0,31 0,026 0,43

3 1 1 -1 1 -1 1 -1 031 031 0,31 0,05 0,826

PANTNquy 4 1 1 -1 -1 -1 -1 1 031 031 031 0019 0314

hoach 5 1 -1 1 1 -1 -1 1 031 031 0,31 0,245 4,048

6 1 -1 1 -1 -1 1 -1 031 0,31 0,31 0,07 1,157

7 1 -1 -1 1 1 -1 -1 031 031 0,31 0,337 3,18

g8 1 -1 -1 -1 1 1 1 031 031 0,31 0,17 2,809

1 1 13 0 0 0 0 0 1,14 -0,69 -0,69 0,024 0,396

2 1 -13 0 0 0 0 0 1,14 -0,69 -0,69 0,218 0,396

, 3 1 0 13 0 0 0 0 -0,69 1,14 -0,69 2 0,396
P/an diém giao

4 1 0 -135 0 0 0 0 -069 1,14 -0,69 0,101 0,396

5 1 0 0 135 O 0 0 -069 -069 1,14 0,13 0,396

6 1 0 0 -135 0 0 0 -069 -069 1,14 0,051 0,396

1 1 0 0 0 0 0 0 -0,69 -0,69 -0,69 0,08 1,322

P/an Tam 2 1 0 0 0 0 0 0 -0,69 -0,69 -0,69 0,083 1,371

3 1 0 0 0 0 0 0 -0,69 -0,69 -0,69 0,08 1,322

3.1.5 M@ hinh hai muc tiéu [2]

- Xac dinh tirng mé hinh: Dang cac quy chuan ciaa Student va Fisher, thi mé hinh hai muc tiéu Y1 = f
(X1,X2,X3); Y2 = f2 (X1,X2,X3), thu dugc nhu sau:

Y1=0,241 — 0,081x1 + 0,204x> + 0,043x3 + 0,0246X%1. X2 — 0,036X1.X3 — 0,174x12 + 0,334 X22— 0,191x5?
Y2 =0,702 - 0,962x; — 0,264%, + 0,560x3 + 0.407X1 X2- 0.02375 X1 X3 + 0,296x12 + 0,296x,? + 0,296X32.
- Chuyén sang phuong trinh thyc nghiém Y1(Z1,Z2,Z3) Va Y2(Z1,Z2,Z3), tinh t6i wu tirng méd hinh mdi muc
tiéu:

Y1 %t = max Yy (Z1 %P4 Z, Pt Z3 °PY) = 0,381 voi (Z1 Pt =420; Z, Pt =1 ; Z3°P'=10)

Y2 %t = max Y2 (Z1 P4 Z, Pt Z3 °PY) = 3,083 voi (Z1 Pt =420 ; Z, Pt =1 ; Z3°P'=10)

3.2 Thdo lugn

3.2.1 Téi wu theo phwong phdp théa dung mo

- Dung Solver trong phan mém MS-Excel, cho két qua:
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Y1 % = 0,381 tai (420 ; 1; 10)
Y, ot = 3,083 tai (420 ; 1; 10)
- Lap bang Pay — Off:
Y1 Y2
Vi nghiém 1 0,381 0,044
Vi nghiém 2 0,027 3,083

-Vaycantrén layY:;® = 0,381 va Y,® = 3,083.

can dudi la

Y™ = 0,027 va YW = 0,044

- Lap cac budc I3p k =1, ham thoa dung mo c6 dang: U =W 24 (Y;) + W, 15, (Y,)

Trong do:

0<wi<1,0sw<lvawi+w,=1

Vé&i wr = 0,1 vawz = 0,9: u=0,282Y; + 0,296Y> + 0,021, cin tién hanh giai cuc tri cho ham thoéa dung

Mo tuong tac:

u=0,295-0,263Z; + 0,024Z, + 0,133Z3 + 0,0627,.Z, - 0,12171.Z3 + 0,065Z,.Z3 + 0,014212 + 0,157222

+0,009Z52.
Dung phép giai solver, cho két qua:u Ot =

0,987 véi Z, ot =

420;Z,°%=1;Z3°P=10

- Tuong tu 13p lai cho cac budc lap, ciing cho két qua tuong tu.

Véiwg =0,2vaw, =0,8: u=0,565Y1 + 0,263Y> + 0,027; dugc: u OFt =

1;Z3°t=10.

Véiwr =0,5vaw, =0,5:u=1412Y; + 0,165Y> + 0,045; duoc: u OFt =

1;Z3%'=10.

Véiwg =0,8vaw, =0,2: u=2,26Y1+ 0,066Y> + 0,064; duoc: u °Pt =

Z3°t=10.

Vay véi phuong an troi cua Pareto mo rong,
nghiém duoc khao sat trén duoc chap nhan, vi cac
nghiém thoa hiép giita cac muc tidu xuét hién
khéng troi hon bét ky nghiém nao.

3.2.2 Thyc nghiém kiém ching téi weu

Tién hanh thi nghiém kiém ching véi lugng mau
10 mL, dugc dem do tai pH = 1 va budc séng A =
420 nm, thi thu dwoc két qua: % anthocyanin 1a
3,18%, d6 mau la 0,337.

Co thé thay rang két qua tinh toan diéu kién
chiét tach toi wu anthocyanin bang phuong
phép tdi wu hoa thoa dung mo tuong tac, cho két
qua bai todn quy hoach hoan toan phu hgp vai
thyc nghiém.

4. KET LUAN

101

0,945 vGi Z1 %Pt =420 ; Z, Pt =
0,923 Vi Z1 %Pt =420 ; Z, %Pt =
0,968 Vi Z, Pt =420 ; Z, %Pt =1;

Tbi uu héa da muc tiéu bang phuong phap thoa
dung mo tuong tac, thuc sy la mot phuong phap
hiéu qua va thich hop cho viéc giai quyét cac bai
toan t6i uu da muc tiéu bang thuc nghiém kiém
SOAt.

Phuong phép nay mé ra mot huéng di thyc té cho
ngudi nghién ciru s6 liéu thyc nghiém trén nhiéu
yéu cau, nhiéu muyc tiéu hon.

Céc anthocyanin thé hién mau sic theo pH cua
moi truong. Mau do dan qua mau cam dén khong
mau rdi chuyén sang mau xanh tuong tng véi pH
chuyén tir 1 1én 4 dén 5, roi 7 dén 8. Vi thé két
qua phtrc thu dugc mau do cuc dai, khéng dinh
pH=1 sau khi d& quy hoach pH tir 1 dén 4.

Bang phép téi wu hai muc tiéu theo phuong phap
thoa dung mo tuong tac, di cho két qua la 3,18%



AGU International Journal of Sciences — 2020, Vol. 25 (2), 94 — 102

ham lugng, d6 mau la 0,337 (mot két qua kha
quan so vdéi cung khao sat phép thir anthocyanin
bang phuong phap pH vi sai, 1 ham muc tiéu tdi
uu, chi cho 1,188% ham lugng).
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