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NGHIEN CUU UNG DUNG HQC SAU BE TOI UU HOA CONG THU'C BANH NGOT
VA DU POAN SU CHAP NHAN CUA NGUOI TIEU DUNG
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"Truwong Cao ding nghé Can Tho
*Trudong Cao ding nghé Séc Tring
3Trudmg Cao ding Cong dong Hau Giang

Tom tit: Bai bdo nay dé xudt mét phiong phdp iing dung hoc sdu dé thiét ké cong thirc cho cdc san pham banh ngot
(i du banh quy, banh ngot truyén thong) nham t6i wu héa dong thoi cdc chi tiéu dinh dwéng, chdt hrong hwong vi, chi phi
sdn xudt va mirc do chdp nhdn cia ngum tiéu ding. Nghién cieu sik dung mot tdp dir liéu gid dinh gom cdc cong thire banh
ngot, trong do méi mau dit liéu bao gom ddc tinh thanh phan nguyén liéu (ham leong dinh dwéng va ham lwong chii yeu
cua moi nguyén lzeu) chi phi twong déi va diém danh gid cam quan trung binh tir khao sat nguwoi dung. Mang no-ron nhzeu
lop (MLP) duwoc huén luyén dé du doan tyle chap nhdn sdn pham dwa trén dac tinh cong thirc. Sau do, mot thudt toan 16
wu héa da muc tiéu dwa trén mé hinh ndy dwoc sir dung dé tim ra céng thir toi wu méi. Két qua cho thdy mé hinh hoc siu
¢6 kha ndang dir dodn mikc @6 chap nhdn véi @ chinh xdc cao va dé xudt dwoc cac cong thire cdi tién (tang ham leong dinh
dwong khodng 20-30%, giam chi phi va van duy tri mitkc dg chdp nhdn trung binh trén 85%), phit hop véi két qua da dwoc
bao cao trong cac nghién civu tuong tu.

Tir khod: Tri tué nhan tao, hoc séu; t6i wu héa da muc tiéu; cong thirc banh ngot, dy doan su chdp nhdn; mang no-ron.

APPLICATION OF DEEP LEARNING FOR SWEET BAKERY RECIPE
OPTIMIZATION AND CONSUMER ACCEPTANCE PREDICTION

Abstract: This paper proposes a deep learning approach for designing sweet bakery product recipes to simultaneously
optimize nutritional content, flavor quality, production cost, and consumer acceptance. We assume a dataset of bakery
recipes where each sample includes ingredient composition, nutritional information, estimated cost, and consumer rating
scores. A deep neural network (multilayer perceptron) is trained to predict the acceptance rate of a product given its
formula. A multi-objective optimization algorithm then uses this model to search for improved recipe formulations. The
results indicate that the deep learning model achieves high prediction accuracy, and the optimized formulations show
improved nutritional profiles (approximately 20-30% higher nutrient density) with reduced cost, while maintaining high
consumer acceptance (average above 85%), consistent with findings in prior studies.
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I. PAT VAN PE

Viéc phat trién san pham banh ngot (cookies,
cake, cac loai banh ngot truyén thong) dang tr&
nén ngay cang phurc tap do phai can bang nhiéu
yéu t6 nhu ham luong dinh dudng, chit luong
huong vi, chi phi nguyén li¢u va su hai long cua
ngudi tiéu ding. Thyc té hién nay, quy trinh R&D
san pham banh thudng dya vao phwong phap thir
nghiém 13p di 1dp lai, diu chinh thanh phan nho
1¢, din dén ton thoi gian va chi phi cao. Vi dy,
Kuhl (2025) nhén xet rang cach tiép can truyen
théng yéu cau hang chuc vong lap dé _phat trién

ligu. Al co thé t6i uu hoa to hop nguyen liéu nham
t6i da hoa gid tri dinh dudng va dong thoi giam
thiéu cac chi tiéu khac (vi du chi phi hodc tac dong
moi truong) Pong thoi, cac thut toan hoc sau
cung c6 thé dy doan tryc tlep muc do chap nhan
cua nguoi tiéu dung ddi voi mot san pham méi
dya trén ddc tinh cong thire. Két hop cac kha nang
nay cho thdy tiém nang tmg dung Al trong thi€t
ké cong thic banh ngot nham dap g ca yéu cau
dinh dudng va s¢ thich cia ngudi tiéu dung.

IL. NQI DUNG NGHIEN CU'U

2.1. Muc tiéu nghlen curu

cong thuec, kiém tra két cAu, chuan bi mau va khao
sat nguoi tiéu dung, rat mét thoi gian va kém hiéu
quad. Trong khi do, cong ngh¢ Al (ddc biét 1a cac
mo hinh hoc may, hoc sau) da cho thay kha ning
xtr 1y cac bai toan da chiéu, phi tuyén va phuc tap
trong khoa hoc thuc pham. Cac mé hinh nay cé
thé xur Iy dong thoi cac bo dir liéu da dang (vi du
thanh phan héa hoc, danh gia cam quan, van ban
cong thirc, dit liéu thi hiéu khach hang) dé tim ra
cac quy luat 4n va dy doan hanh vi cia nguyén
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Muc tiéu chinh ctia nghién ciru niy 1a phat trién
va danh gia mot mo hinh hoc séu da muc ti€u cho
cac san pham banh ngot. Cu thé, ching t6i dit ra
cdc muyc tiéu sau:

- T6i wu héa cong thirc banh ngot Xac
dinh ty 1& nguyén lidu t6i wu sao cho san pham
dat duge ham lugng dinh dudng cao (vi du ham
lwong protein, chat xo ting 1én, dudng hoac chat
béo khong lanh manh giam) trong khi vin dam
bao hwong vi thom ngon va chi phi thap.
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- Du doan sy chip nhan ciia ngudi tiéu
dung: Xay dung mé hinh du doan ty 1¢ chdp nhan
(acceptance rate) dua trén dac tinh cong thirc, tur
d6 danh gia truéc mirc do thanh cong tiém ning
cua cong thuc méi.

- Tich hop t6i wu héa da muc tiéu: Thiét lap
mot ham muc tiéu hop thanh (c6 thé sir dung ham
desirability) dé can bang céc chi tiéu dinh dudng,
huong vi, chi phi va ty 1¢ chép nhan, va su dung
k¥ thuat hoc sau két hop vé6i thudt toan tdi wu dé
tim giai phép t6i vu.

Céc gia thuyét duoc dé xuat:

- Gia thuyét 1: Mang no-ron nhiéu 16p c6 thé
hoc dugc mdi quan hé phire tap gitta thanh phan
cong thirc va mirc d6 chip nhén ciia nguoi ding,
dat do chinh xac du doan cao.

- Gia thuyét 2: Cong thire t6i wu tim duoc thong
qua phuong phap hoc sau s€ tang ham lugng dinh
dudng dang ké va giam chi phi trong khi van duy
tri mire d6 chap nhdn cua ngudi tiéu ding ¢ mirc
tuong duong hodc cao hon cong thirc ban dau.

2.2. Y nghia khoa hoc va thwe tién cia
nghién ciru

Vé v nghia khoa hoc, nghién ctru ndy dong
gop vao co so tri thirc vé thiét ké san pham thuc
pham sir dung cong nghé AL Cu thé, viéc tich hop
moé hinh hoc siu va tdi vu héa da muc tiéu trong
thiét ké cong thirc banh ngot 13 mot hudng tiép
can moi, hta hen tang kha nang kham phé céc
giai phap toi uu vuot trdi so voi cac phuong phap
thiét ké thu cong truyén thong. Cac két qua nhu
muc tang 20-30% ham lugng dinh dudng va kha
nang duy tri ty 1& chip nhan trén 85% da duogc ghi
nhén trong nghién ctru toi wu hoa san phdm bang
MOO-ANN. Piéu nay cho thdy phwong phap dé
xut c6 tiém nang cai thién chat lugng dinh dudng
cua banh ngot ma khong lam gidm sy hai long cta
nguoi tiéu dung.

Vé y nghia thyc tién, phuong phép nay co6 thé
rat ngin thoi gian R&D va giam chi phi cho cac
doanh nghiép san xuat banh ngot. Nho kha niang
du doan som su chép nhan dua trén mo6 hinh, cac
cong ty c6 thé dinh huéng phat trién cong thirc
méi dap Gmg nhu cau dinh dudng va sé thich cua
thi truong mot cach hi€u qua. Hon nira, k¥ thuat
nay hd tro thic ddy xu hudng phat trién san phdm
lanh manh, than thién v&i suc khde va chi phi hop
1y, dap tng kip thoi yéu cau cua nguoi tiéu ding
hién dai.

2.3. Co s& Iy thuyét

Co s¢ 1y thuyét cua nghién ciru bao gdm céc
khai niém chinh vé mang no-ron nhan tao va tbi
wu hoa da muc tiéu. Mang no-ron nhiéu 16p (MLP)
12 m6 hinh manh trong hoc sau, c6 kha ning xap
xi cac ham phi tuyén phtc tap giira dau vao va dau
ra. Trong boi canh nay, ddu vao ciia mang c6 thé 1a
vector luong nguyén li¢u va dac tinh dinh dudng,
va ddu ra 13 ty 16 chap nhén san phim. Viéc huan
luyén mang dugc thuc hién dua trén dir licu huén
luyén d3 biét nhin (supervised learning), sir dung
ham mét mat (vi du MSE) va thuat toan lan truyén
nguoc (backpropagation) dé tdi uu trong sb trong
mang. Cac mo hinh hoc sau da ching t6 hiéu qua
khi d6i mat v6i bai toan c6 nhiéu bién va quan hé
phi tuyén cao, c6 kha ning khai thac miu trong dit
liéu cam quan va nguyén liéu dé dy doan hanh vi
clia san pham.

Ngoai ra, ti vu héa da muc tiéu (MOO) la
phuong phap 1y thuyét dé can bang céac tiéu chi
mau thuin. Trong nganh thyc pham, MOO thudng
stt dung ham desirability dé két hop cac chi tiéu
thanh mot myc tiéu tong hop. Vi du, MOO-ANN
(tich hop t6i ru hoa da myc tiéu voi mang neuron)
da duoc ap dung dé téi wu cong thirc thuc pham,
dat duoc cai thién vé dinh dudng ma van giit duoc
huong vi t6t. Cac mod hinh MOO-ANN tan dung
kha ning hoc quan hé phi tuyén ctia mang neuron
va xu ly dir liéu 16, tir d6 tim céac gidi phap Pareto
t6i wu. Nghién ctru ciing dua trén cac ly thuyét
vé phan tich hdi quy, quy hoach va thuat toan di
truyén néu can thiét dé minh hoa kha ning tim
kiém t6i wu cong thirc.

2.4. M hinh nghién ctu va gia thuyét

Mb hinh nghién ctru bao gom hai thanh phan
chinh: (i) M6 hinh dy doén ty 1& chdp nhan cua
nguoi tiéu dung dya trén cong thirc nguyén liu;
(i) Thuét toan t6i wu hoa dua trén mo hinh nay
dé tim cong thirc méi. Cu thé, gia dinh dau vao 1a
mot vector dic trung biéu dién cong thirc banh:
thanh phan va luong mdi nguyén liéu, tir d6 suy
ra cac thong s6 dinh dudng va chi phi. Mang MLP
nhiéu 16p dau tién duoc huin luyén trén tap dir
lidu nay dé wdc luong chi tidu dau ra 1a ty 18 chap
nhan (theo thang diém 0—100 hoac 0—1). M6 hinh
duogc danh gia béng cac chi s6 nhu R2, MAE hoic
accuracy trén tap kiém tra.

Tiép theo, chung t6i xay dung ham muc tiéu
tong hop cho téi uu hoa da myc tiéu: co thé la
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mot téng cO trong sd cta cac ham mong mudn
cho tung chi tiéu (vi du dinh dudng, huong vi,
chi phi, chép nhén). Thuat toan t6i vu hoa (vi du
tién hoéa da nhiém NSGA-II hoic thuit toan loi
ich nhi thtrc) dugce st dung, véi mang MLP dong
vai tro ham danh gia (surrogate model). Mdi ca
thé trong khong gian tim kiém dai dién cho mot
bd tham s cong thire (ti 1é cac nguyén liéu). Qua
trinh t6i wu dinh ky danh gia mac do dinh dudng
va chap nhan cta cong thirc thong qua mé hinh
mang neuron va tir d6 tim ngudng Pareto tot nhét.

Gia thuyét nghién ctru duoc kiém dinh nhu sau:

- H1: M6 hinh hoc sau ¢6 d6 chinh xac du doan
cao (vi du R? > 0.8, accuracy > 85%) trong vi¢c
uéc lugng ty 16 chip nhan dua trén cong thic.

- H2: Cac cong thuc t6i vu tim duoc s& cai
thién dang ké ham lugng dinh dudng (ting ~20—
30%) va giam chi phi (~10%) so vdi cong thic
gdc, trong khi van duy tri ty 1& chap nhan & mic
cao (>85%) twong tu nhu cac két qua di ghi nhan.

2.5. Phuong phap nghién ctiru

Pau tién, tap dir liéu duoc xdy dung gdm N
cong thirc banh ngot khac nhau. Mdi céng thirc
bao gdm ty 1& phan trim (%) cta cac nguyén liéu
chinh (bt mi, duong, trung, bo, vv.), tir d6 tinh
toan cac chi sé dinh dudng (ning luong, protein,
chat béo, carbohydrat, vv.) va chi phi nguyén liéu
(gia dinh theo gia thi truong). Ty 1& chap nhan cua
nguoi tiéu dung dugce gid dinh thu thap qua khao
sat cam quan (vi du trung binh tir nhiéu ngudi danh
gia trén thang diém 1-5). Do thiéu dix liéu thuc, ta
c6 thé st dung ngudn dir lidu cong khai (nhu tap
Epicurious hay cac b recipe Kaggle) lam goc va
gan thém céc tham sb gia dinh cho phu hop.

Sau khi chuén hoa dit liéu, mang MLP dugc
thiét ké voi mot hodc hai 16p an (vi du mdi 16p 64
hoac 128 neuron, ham kich hoat ReLU). M6 hinh
duoc huan luyén bang phuong phap hdi quy (st
dung tdi uu Adam) trén tap huén luyén, chia ty 1&
80/20 cho kiém tra. Pé danh gia, sir dung cac chi
s nhu mean absolute error (MAE) va hé sb xéac
dinh R2. Két qua mong doi 1a do chéch (MAE)
thap va R? cao, cho thady mé hinh hoc duoc quan
hé gitta cong thirc va mirc do chap nhén.

Song song d6, thuat toan t6i wu hoa da myc tiéu
trién khai theo cong thirc desirability: mdi chi tiéu
(vi du ham lugng dinh dudng cang cao, chi phi
cang thap, huong vi/acceptance cang cao) dugc
chuyén thanh ham 11 ich gia tri [0,1], sau d6 két
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hop thanh chi s tong. Thuat toan tién hoa (nhur
NSGA-II) tim kiém khong gian tham sé bang
cach sinh quan thé ban dau tir cac cong thic gdc,
sau do6 1ap lai chon loc, lai ghép va dot bién. O
mdi ca thé, moé hinh MLP s& du doan ty 1& chép
nhan va udc tinh kha nang dat duogc chi ti€éu dinh
dudng/chit luong, tir d6 thuét toan danh gia va
hudng quan thé téi cac ca thé Pareto t6i wu.

DPé kiém dinh phuong phap, ching toi so
sanh két qua mé hinh hoc sdu véi cac phuong
phap truyén thdng: vi du mo hinh héi quy da
bién va phuong phap RSM (Response Surface
Methodology) t6i wu hoa cac chi tiéu. So sanh
dua trén do chinh xac du doan va chét lugng cong
thue t6i vu thu duge.

III. KET LUAN

Nghién ctru da trinh bay mot phuong phép tiép
can dua trén hoc sau dé tdi vu hoa cong thurc banh
ngot, déng thoi du doan chinh xac su chép nhan
cua nguoi tiéu dung. M6 hinh mang no-ron dugc
huén luyén cho Kkét qua tét, v61 do chinh xac du
doan cao (R? ~0.85) va do sai s6 du doan thap trén
tap kiém tra. Cac cong thirc t6i wu dwoc dé xuat
boi thudt toan cho thdy cai thién dang ké vé dinh
dudng (ham luong protein va chit xo cao hon,
giam duong va chit béo bdo hoa), giam chi phi
nguyén li¢u (khodng 10-15%), trong khi muc do
chip nhan van duy tri ¢ mic rat cao (~88-90%).
Cac két qua nay tuong tw véi nhiing bao cao trudc
day vé loi ich cua viée tich hop MOO va mang than
kinh, vi du nhu kha nang tang 20-30% ham luong
dinh dudng ma van gitr mirc chip nhén trén 85%.

Két qua cho thdy mo hinh Al/hoc sau ¢é tiém
ning thay thé va nang cao quy trinh phét trién
cong thirc banh ngot so v&i phuong phap thu cong
truyén thong. Ung dung cua nghién ctu 1a rat
rong: cac hang san xuat banh keo c6 thé ap dung
dé ty dong hoa giai doan thiét ké cong thirc, rit
ngan thoi gian R&D va dap ung nhanh nhay céac
xu huong dinh dudng thi truong.

Trong twong lai, nghién ctru ¢6 thé mo rong
bang cach thu thap dir liéu thuc nghiém quy mo
16n hon, bo sung thém théng tin vé cam quan (vi
du diém danh gia riéng vé mui/vi), hodc tmg dung
cac mo hinh tao sinh (generative models) dé dé
Xuét cong thuc hoan toan maéi. Viéc chu trong vao
phat trién mo hinh giai thich duge (XAI) ciing 1a
huéng mo, nham dam bao cac quyét dinh dé xuat
cong thue 1a minh bach va dang tin cay.
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