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Abstract: Objective Addressing the adverse effects of dietary problems caused by imbalanced nutrition and poor food
combinations on people’ s physical and mental well-being, particularly concerning research on the relationship between
diet and chronic diseases, an intelligent system capable of recommending sound and nutritionally balanced meals tailored
to users” conditions, preferences, and tastes was designed and developed. Methods A nutrition meal recommendation
system based on an artificial intelligence knowledge base was constructed. It utilized a definitive dataset of diets validated
by experts, combined with a reasoning decision support system (RDSS) and a nutritional plan (NP), employing NAct
ontology to provide highly accurate dietary plans. It spanned 10 user groups, including healthy subjects and participants

with health problems. Results The effectiveness of the system was assessed through extensive experiments, which involved
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synthetic data including the generation of 3, 000 virtual user profiles and their weekly dietary plans. The results indicated
high precision and recall rates for recommending appropriate ingredients across most user categories, with the dietary plan
generator achieving an overall recommendation accuracy of 94% for all nutrients. Conclusion The nutrition meal
recommendation system based on an artificial intelligence knowledge base can personalize recommendations based on
users’ physical conditions, preferences, dietary restrictions, and other aspects. Such personalized recommendations can
better meet users’ needs, thereby enhancing the accuracy of the recommendations. The expert knowledge base
encompasses extensive nutrition and health knowledge, which can assist the system in identifying the most suitable dietary

plans for users. These plans not only provide ample nutrition but also avoid foods or ingredients incompatible with users’

health conditions.
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Table 1 Detailed list of all users’ profile model variables
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Table 5 Example of general dietary plan template
and suggested dietary titles
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Table 6 Examples of cooking and preparation

required for a meal
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2" ih EEF:Z

3t af ¥k

4"t ZHY |
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LI E LB HEN B & F, A ek ok

I FRES  HEE ECE WY EAALS
W e N AL Bt 64 65 G Fokk KR A8
RGNl EER L, RS,

A) o WAk, AR T A SR A R, RV A
M52 | BEIT AR AR B e 4, i 18R o2 TG BR 11 ) HH P
SR (A AR ESRL) BHOR M (9 E R ST WA B A
BRI HI P R (IR ) .

&7 RDSS MWERELAITMH
Table 7 RDSS evaluation of dietary refusal

ST R EHE EREE F—18

A E A+ R K 1. 000 1. 000 1. 000
AR At A 1. 000 1. 000 1. 000
KAy B R 1. 000 1. 000 1. 000
FUE R A2 1. 000 0. 995 0.997
NG Tk 1. 000 0. 990 0. 995
R R 2 1. 000 0. 960 0.979
T2 ¥ k% 1. 000 0. 990 0. 995
FRA 1. 000 1. 000 1. 000

4 SEESERATHY

T VAR T I HERERE SR AR SO R T SEREE
FRIB ) N AR BR 0 =~ B T R EE 4 R gk
BRE TR A BE 7 5 R BRI e SRR ET L
XF RGO HEREHER T FRE 1A — A PEAH T ff, 7
FA SR p B T — 2B AU P, AR IR A A BERHEE
TEFUH P 20 A T 4 B BE &R, e, b T
B RGEMPERERH T AFE N85
4.1 HEPERG G Y

F T A 0 R 45 45 02 RDSS S QR R &R
)& PROTEIN H i — 1% SC A 55, RDSS & K T ikt fo 4
HR T BB FH P i R A S T ) B R SR T
I B ORR SR Y ARG BRI R R O
HI RDSS AUAEHAFE & 100% , B 7RG BE , A SCE G5
TAHFIER, LT f# RDSS FE X A F b2 7 2 F 77 4%
BpdE 2 n] REXHH P EHEREY . T iOE—A i
RERATTAL , BT A WAL RS T s AT, A5 47 4 1
A S TP R T R R, b T R A
BA A 2L R A%t A i 2 38— A W A5 B Y e e A5 B
200 P E I (1E RS sk 2 266 ME ) WITA &
P2 (A8 /N WA SR ) TR BERLIE£E, 45 5R T LITE
£ THED, FGRAEBIETEL0,1] XIE N, AR
N T 0~ 100% 1 D)2, BT B B2k 2 2e i i iy,
DI B B R (B A2 B AY) R BB
RPN FEMER R KR WIRE) &
FEBR I (FUBE  BR5T  T2D A BE ) AR R 1 41 A (A

M 5 W, , 55 100% K B E 2 HARC 4500,
ULAh, A R, 7E RS E BT, Ir A AN TR 2R ) Y
A EHE 100% , NTTTHER] T RDSS WA A W2 1 FR
i, I B R AT T PROTEIN H 468 e £ 5 3, 16)
T, IR 7 o T A b R A E R T, (L e R Ry S
KJBR T R AR RIS R AR N, AT
REEWIA G RESR, A% E LRSI R WAk
JE | TEARYE AT SC A NACT JREE PEAL & b BB
BHEXMERZENEY, FI, BT R E AR, BT
DIARAEBRER A SERE . RDSS 783X AN)2 M A H bR &
SRER AT 4328, LIE S NAP AR 4 4R 3 24 i )
TRIERE

DRI , TP i 4 2 1) R £ 2 75 i T i s A 1Y) 7 9%
KU i S T 9 PP B RARE LI, X 4 A
N AT TOFAl, S5 58 036 8, [RIRE, e B0 i A 12
SRR R R ETR A, IR R MR S R R Mm%
SRR NN, R Y S R, R
A 28 REHLERE ) 200 1y &4 .

&8 RDSS XEREFHITM (AT-N AE#tE)
Table 8 RDSS evaluation of dietary recommendations

(top—N accuracy)

By /¥ B AR Top—20 Top-10 Top-5  Top-3
FG R 1.000 1.000 1.000  1.000

s 15 0.800 0.800 1.000  1.000
BKALA 0.750 0.800 0.800  1.000
%% 1.000 1.000 1.000  1.000
FHH 0.887 5 0.900 0.9500 1.000
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KT RDSS R N A R REE &, 45 R IR J2 # I
HRE R Z (BT 20 0) , M2 EE SRR R/
W PR (RT3 7). kAR AT REZ R A RDSS #E)19
FEEH AN EEN ERERRNEY, A RS
A EARREYRIREE, X LB YT ik BB K T3
ZRESE—ERE L EA LRERE,

4.2 EFEERIERHE

K St (A 5 g E o R £ (a2 266 R TRERD)
bR, 8 RDSS Al NP Az i B 7% 2 38 403 AY 1
B R , — N E R )8R R 502 7 RE S
AIEE AR BORE B T T), DA SRR B L R R X
EAPREEYER P28, S T IR T ik 26 ] @1,
A E T £k 300 U PRSI EEAT T LIRS
5, IEWNEE 3.1 WA, PR RES T REM
A DI EE A P T RE A IR B B sl (@ AR L . X T4
AR, P BB AN 32 AT ] S, Bl 32 R T
REZ M ITA FTREM 451, X S 3 T AR Z T e 4l &,
PRIt , AT BE A FH P T A5 ( FROOR N SR T A 1 30 S Y TG
EER) o A T T RE B 4L A Bl R R — S AT A R
%) R ADLFH P T A v A G A A A R T
— BRI | 5 A A 3 S A R XA Bk Y T A
o AR ISR e B R AN R AR SO R A T R A AR
B B PR AR e B A & S BRI As R

FH G0 20 52 0% 2 480 P ek ) R0 2« T R
PR i 2 P LIS — 4500, MR BT 454 Tl
BT UAE— G A5, SR 5 IS A T
R R BORA [R] IR LT SCE 88 ) s R & N i &= /0
H—NBEIF R (A WA, b < RERE™) ; SR
SEHE IR R Y | B HL R R R 2 F L AR NAct (1A {4
WLEHEWNEHERR T REZM Y, Mt 2R 2 i
e,

ARSCHEAT T WIS S2 56, 4% AL B T 238 300
A B P C B SCE, RDSS A NP A Rl FE A28 47
i [l BRI RDSS 2 min 45 s, MALFREFE] A 3 min 15 s,
DI S S O, B SE R AR AT T IR 3%
LR EBLL AR, QSR A — R 2R R N, JTIE )
P ATRE S AT Rk Uk Bl — AN ), 7258 —
U, HAR BOIR 48 2 B0 75 55 — Wk A Jo ik A1)
NP #9301,

FESCI A — kA AR NP A 2R
70% , 55 —RER R 75% , XAEIAEH T 219 1 E
PR PR} X S Tk .

(1) T(51%) N FREBYERZ — #EH

(13%) LN EE (11%)  ZEH (15%) R EH
(10%) .

(2) A (47%) 843 LR W R 32 94 L 2
— R (21% ) EkI (18.7%) (FLBE (8. 7%) KR
H(4.6%),

(3) J6(70%) s L N B Z Z— Bk (30%) .

(4) BA (54%) A LTt 8 2 —. & &
(8%) FYTE(8%) ALH (11%) MRF(11%) H5EHK
Y (8%) o

(5) LS (54%) 8 2 BURE IR (46%) , L KA
JFEAE (63% ) B A (37%) o

PS5 19 55 — Rk AR, SR NPcreation %24y
76% , 55 —REH N 83% , XA SEFE 300 4
PR SEh HEA T X S P R A

(1) Jo(49%) s FHFEE B kB2 — E8H
(12%) LLHAEH (12%) FREH(21%) .

(2) JC(45%) S UL T BY AT 32 2 —. BB
(23%) . %K1 (19%) FLHE(6%) . KGIRER(T%) .

(3) WA (79%) A UL FEWE=5E 2 —. &
(21%) .

(4) WH (53%) A LT — i HORE . 75 4
(8% ) 93 (9%) AEHE (8%) MR (13%) (W 582k
¥ (10%) .

(5) 0N (53% ) 5% 2 BUBEIRSE (47%) , LA SR
iE (65% ) BANESE(35%)

4.3 EIFREEVRINGHERTE
4.3.1 SEEGHNIA

I —MUFE 3 000 44 K20 A A2 56 56 I H
W E SRR, TP s AR B
Mg RS2 AR 1E 2 43 A0 53 A0 o A s B Y, LA
AU B SRR By SR P, o HR b i,
FUAERETE 20 ~ 65 2 Z (8], P 78 53 1 A Lo 22 8]
Byo3 A, 55 V0 B s AR EE 23 0 7E 1,60 ~ 2.00 m Al
60~ 180 kg Z [, 17 4 4 (1) B &5 F1A 5 43 I #E 1. 50 ~
1.90 m F140~150 kg Z[i], ARAEZOR, P 2 fifER 9
FIRHN 6 10 AP A, Forors i 9 .2 B8 PR g FIE
JHESE R 119 28 ) B FE 2L
4.3.2 JEETFRIRK

ZEZEX T 3 000 44 U A AT TR 7 d 1Y
W, PR, 0SB AL B93E FR I ) SR A4 FH P il
TRAREETHR, BROREETTRVEARYE— K higFE
(1) 6 FhRE RIS E iy, B4R | BRIz R R
(/N MRS IR R B, B R X F AR R 21,000
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By A BEETHRICEP 3 000 AP 3ELL 7 d) , 50514 269
Uy 246 1y 2R /NIZ 236 3448 231 3 B 2R /NIZ
220 I MRAEFN 48 iy BEHTE SR AR, a3 10 fis, iX
SERE IR F P RS 22 (RO 4r H P BEA BT
FRAFAE) RS IR0 RIS R RE)

%9 EHAFAE PROTEIN AR b HoH%H
Table 9 Distribution of virtual users in the user

categories of PROTEIN

VA i AP #HE
i B89 A 85
R F Y 158
1 R 2 FA 131
AEF A 92
Eeke 7t 103
B R AE 09 A 635
B A R SR 0 R A 706
B T2D 89 A 766
BR Bk I 69 R SFA 231
KR A T o RAEA 93

B, JEe P ) B AR B ey, H i 8 97 A
MR B 29 85% LA Ry T REMEAE & IR L K H
PRI P AT 5 I 17 R Goxt iz 3l 1 4
TR, X FEE R T A X —5E F P 48l
RS R R D

K11 EREFRNEFERY

Table 11 The recommended accuracy of the

F10 BETYPEFENMSFESRE
Table 10 Unique dietary choices for each meal in the daily plan

BEER P4 0 IEAR IR
FA 269
A 236
R 220
BT R A 48

R RA 246
THRER 231

4.3.3 & R

21 BR T BT AL RN E FRER
WEFE R GUAE 5 i E 7 R A LA IR & 153 7 T AN R
FOREAR 0 A H R TR p v M, — AR B
(RI“N/A™) 2 TE RIS B R WA A AR B
S P4 B ARt T %) AR 1 ) st At AR £
AR, PRI ABL T80 1 785 35 T3t 7] S 27 P il b 6 6 2
A E, (55 B ARE R R R B0 AN TE H
SRR R AT REE AL AR A H R S B
BB Z [ (81 1 7% 6 48 55 38 LA AR £ B 4 v A e
539K 94. 76% 1 85. 86% , XM T4 i 3L+ A
TR (8 R G 1 R SR B8 A S Y 1 i

nutrients produced %
oA A

A PR :
FEWERFE e
(3 AER- S 99. 32 99. 66
i B R A 99.75 89. 24
1 By A 99.78 97.65
IR E AR BRFA 93. 84 95. 09
E )R 82. 11 94.10
B RERFAE 49 B A 98. 66 37.10
B A R IR R A 81.36 i
EBA T2D 89 RAFA 97.58 FiER
BOA H R 0 REA 95.55 97.24
R FERZAKRFBERGBRFA 99.62 75.53
B A 94.76 85. 86

Ty, B IR b AH G 8 bR Bk FH R 5 LY g
BEAEYS B A MR TG, X FEhr
SR 3 R 2 B A ML Y 43 A B ST AT A RREAE
RATH, IGE R aT LUE 1, X6 AR AN 4 A
POV, KR OCBEARTE 0. 98 LA b, X &
PN o0 A 50 b v B A DG Y, X Y AR
NSRRI AT 2 RUBE IR I AR | B2 IR DA 56 JEE 3K
£ 0.95 UL, XRPILT T XML R, FFE,
PN ¢ K6 (R 25 SR T AT Y I e B A A H bR B
R AER A A AR L R RS T 2 B Y,
X — M p (AT LA H

SRR e AR AN, B AT TR B0
WM ESRE B RGA NN S EIR L NI
FH P RIS BT RIAH— B0 A5 H AN RSBk,

P 2 A 25 - By 2 RS0 HT T SERE A a IUE
W HRE AR AZE S, WK 2 Fron 5k 8 s 7 A4 R
i TS0 78 ST ] 1B 1) 40 51 100, £ 8 N R R A (D
5B ZE 1. 96 DhRiE2E) B R AR, 4553
TR TR P AL P86 T 230 BN B RE AR T 4y
PRI T 94% , 48 /R T 4080 N T4 BEHEFE R 46
STHURS A T A0 i
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Fig.2 (a)&(b) Brand—Alman diagram depicting the

differences in energy intake among user groups
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