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Establishment of the sensory evaluation model for yellow rice cakes
using fuzzy mathematics
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(Pingyang Institute of Quality Inspection & Testing, Wenzhou 325400, China)

ABSTRACT: Objective To objectively and accurately evaluate the quality of yellow rice cakes and establish a
more scientific sensory evaluation system. Methods This article applied fuzzy mathematical methods such as
analytic hierarchy process and pairwise comparison to establish a sensory evaluation model for yellow rice cakes. The
evaluation model was used to evaluate 5 types of yellow rice cakes, and the correlation between quality and sensory
evaluation was analyzed by combining color, elemental composition, and texture analysis. Results The 16
evaluation indicators were selected and classified into 4 categories: Appearance, odor, taste, and texture. The weight
set was determined to be (0.100, 0.199, 0.290, 0.411); the evaluation criteria for appearance included block shape,
color, luster, delicacy, and no impurities, with a weight set of (0.105, 0.475, 0.252, 0.055, 0.113); the evaluation
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indicators for aroma were concentration, alkaline aroma, and no abnormal odor, with a weight set of (0.159, 0.589,

0.252); the weight set of alkaline taste, bitter taste, and no odor as evaluation indicators for taste were (0.539, 0.297,

0.164); smooth texture, hardness, elasticity, chewiness, and non stick teeth were used as evaluation indicators for

texture, with a weight set of (0.345, 0.093, 0.249, 0.235, 0.078). The appearance score was significantly positively

correlated with L", 5" and ¢’ (r=0.716, 0.837, 0.852, P<0.01), and significantly negatively correlated with a"

(r=—0.803, P<0.01); the odor score and taste score were significantly negatively correlated with the total amount of K

and Na (r=—0.944, —0.925, P<0.01); the texture score was significantly negatively correlated with hardness and

chewiness (r=—0.693, —0.718, P<0.01), the texture score was significantly positively correlated with adhesiveness and

adhesiveness/hardness (=0.619, 0.618, P<0.05). Conclusion The established sensory evaluation model for yellow

rice cakes can turn fuzzy evaluations into data and accurately and reasonably evaluate the sensory quality of yellow

rice cakes.

KEY WORDS: yellow rice cakes; fuzzy mathematics; sensory; evaluation
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Table 1 Importance rating scale for pairwise comparison of
evaluation indicators

daxfim  ARER U ORERR AR RESS S5 RSN 4axdsy

B; [t B;

o 9 7 5 3 1 /3 15 U7 19

0 EPAER AR 8. 6. 4. 2. 12, 1/4, 1/6. 1/8
W H Al KPR RAEHAE AR, BRI 9 A 7 B220E S 1/9 A
1/7 W22 B0 AH 45

135 REFFR—SEAEE

ARG HAWHE G ME—FId—1k, 15514
B B=(by)nwns FHHEHEIE B IOATSRAN, 13 BIRFAE I B W=(w),
Wa, ooy W) FFAE 0] 5 )] — AL B AR [F] — )2 R A 25 I 2 X | —
PR R EBEEAE,

n
blj:aij/zkzlakj,i,j=l,2,...,n 4)
n P
wizzjzlbij,lfl,Z,...,n 5)
Fie T (6)2R PR FEBE A 0 B KAFAEME Amaxo
_lgn 4W);
Ao =2 T ©)

R, (AW) g AW B | Ao

TEF 75 PRI AERE 4 BF, P REA /NALAE 52 A EL A 40 T,
Shy REARR T2 L 1R TR (8 XURS:, 200 T — B A 56 . — 3K
PERS B0 40 J2 U BALHE P — BOvE A 56 A2 R HE e — SRS
B (TR — e AE bR CI, RIEITCE AN n 15 RIGE
230 M —E R CR=CI/RI R % 2% )2 Fi v
W JZ%E B AR Z W2 CRHET — SR IR bR . A 20(8)
KHBEZEEN BRZENHE SRR IER Cr o &
CR<0.1 H. Cr<0.1, JUITAA FI Ui J 6 A — BPE oK

Cz//i‘max_n (7)
n—1
m m
Cr=2,_ aCil 2, _ ak (8)

®2 FEN—EMIEIER R

Table 2 Random consistency index RI table

n 1 2 3 4 5 6 7 8 9

R 0 0 058 09 1.12 1.24 132 141 1.45
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Fig.1 Comparison chart of loss rate of yellow rice cakes boiled and
steamed separately at different times
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Table 3 M-values of sensory profile descriptors

B
Wi H 0 1 2 3 4 5 MA1E
231 0 0 0 14 10 32 0.930
bR A 52 4 0 0 0 0 0.032
sl e 0 0 0 22 25 9 0.868
BRES 0 0 1 21 30 4 0.856
2 0 12 15 11 18 0 0.725
Aot 33 18 5 0 0 0 0.203
e 0 0 13 12 21 10 0.837
A 0 0 12 15 16 13 0.841
SN [i2US 49 5 1 1 0 0 0.067
IR 55 1 0 0 0 0 0.008
S 31 22 2 1 0 0 0.215
LTS 0 0 0 32 16 8 0.845
N 35 5 8 8 0 0 0.245
Wk JR A 45 10 1 0 0 0 0.092
FILS 52 2 1 0 1 0 0.045
SRR 30 22 3 1 0 0 0.227
iy 0 6 14 8 20 8 0.797
i i 0 0 12 29 15 0 0.781
s S 0 0 0 8 42 6 0.890
REL IR 0 0 0 12 37 7 0.884
#x 34 10 8 2 2 0 0.237
Kz 52 2 2 0 0 0 0.039
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Fig.2 Analytic hierarchy process model
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F4 ENE B~Bs X T LE AL A-B HIBTEERE
Table 4 Criteria layers B,-Bs regarding the A;-B judgment
matrix composed by upper layer A,

A‘;rij%ﬁ B, B, B; B, Bs R
B, 1 1/4 13 2 1 0.105
B, 4 1 4 7 3 0.475
B, 3 1/4 1 5 3 0.252
B, 12 177 1/5 1 12 0.055
Bs 1 13 13 2 1 0.113

Amax=5.184, CI=0.046, RI=1.12, CR=0.041<0.1

5 EMNE B~Bs XT LE A #I5L A-B FIETEERE
Table 5 Criteria layers B¢-B;s regarding the A,-B judgment
matrix composed by upper layer A,

Ay-B H WA RF Be B, Bs &
B 1 13 12 0.159
B; 3 1 3 0.589
Bs 2 13 1 0.252

Amax=3.054, CI1=0.027, RI=0.58, CR=0.046<0.1

=6 JENME BBy XT LB A AL As-B FIHTEERE
Table 6 Criteria layers By-By; regarding the A;-B judgment
matrix composed by upper layer A;

As-B HIWTRE R Bs By By W
Bs 1 2 3 0.539
Bio 12 1 1 0.297
B 1/3 1 1 0.164

Amax=3.009, CI=0.005, RI=0.58, CR=0.008<0.1

F7 ENE BB T LEE AR Ae-B FIETFERE
Table 7 Criteria layers B;,-B;¢ regarding the A,-B judgment
matrix by upper layer A,

A“-;E;;”M B, Bs Bu Bs By, ME
B, 1 3 2 2 3 0.345
B 13 1 15 1/4 2 0.093
B 12 5 1 1 3 0.249
Bis 12 4 1 1 3 0.235
Bis 173 12 13 13 1 0.078

Amax=5.266, CI=0.066, RI=1.12, CR=0.059<0.1

®8 ENE A XTLEE G ¥A G-A FIHFER
Table 8 Criteria layers A regarding the G-A judgment matrix
composed by upper layer G

Eﬁ?ﬁg A Ay As A, &
A 1 12 1/3 1/4 0.100
A, 2 1 2/3 12 0.199
As 3 3/2 1 2/3 0.290
A, 4 2 32 1 0.411

Amax=4.002, CI=0.001, RI=0.9, CR=0.001<0.1

24 RRERERIFMALE T

VEMR/NATF RIS, i B AR RE M IR SR A 5L S,
WETFIRE V=1 vi, vo, v3, va, vs | = [ IRAF, 80P, —I,
#, 221 =1100, 80, 60, 40,20 | , LS HEILEK 9, ¥
W/NAS R 9 X 5 PR IR S0 TE, H5 8 ATTEM
SERIT— AL AR BE, BESD A HENJZ Ro, HERE R

075 025 0 0 0
0 075 025 0 0 0 0625 0375 0 0
Ry=l025 075 0 00|, Ru=/05 05 0 00
025 075 0 00 1 0 0 00
1 0 0 00

05 05 0 00
0875 0125 0 00 0375 065 0 00
Rg=| 0 0625 0375 0 0|, Ry={025 075 0 00
1 0 0 00 0 0875 0125 0 0
1 0 0 00
FUEE W,,(0.105, 0.475, 0.252, 0.055, 0.113) . Wa5(0.159,
0.589, 0.252). Wx3(0.539, 0.297, 0.164). Wx4(0.345, 0.093,
0.249, 0.235, 0.078). W5(0.100, 0.199, 0.290, 0.411), Ra,.
Rarv Raz. Rag FRAZT(9)RAF IO A543 4 :
Y1=Wa1 xRa, ¥ V=(0.105, 0.475, 0.252, 0.055, 0.113)x

075 025 0 0 0 100

0 075 025 0 0 80
025 075 0 0 0 (x| 60 [=83.0
025 075 0 0 O 40

1 0 0 00 20

WK ¥,=89.7, ¥5=90.5, Y,=86.4.
A 0):RIFLEABIAE N

Vi
Wa1 X R vy
WarXR
Y=(WxR)xV=| A277AZ |yl =
Wa3 X Ra3
Va
WaaXRps
Vs
100
0.202 0.631 0.167 0 O %0
0.351 0408 0241 0 O
x | 60 |=89.5
0.313 0485 0202 0 O 40
0.070 0.609 0.321 0 O 20

MR RAT 5 P B AERE I B RN ZR B0 4), S5 R L3R 10,
ZE5 RS B>ASE>D>C, FAIES Jy: AN D>A>B>E>C,
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KBS+ i NayCOs BA — 2 M
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Table 9 Quality identification reference for various evaluation indicators of yellow rice cakes
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Table 10 Fuzzy mathematics single item and comprehensive evaluation results of 5 kinds of yellow rice cakes
T EST] R R T YIS
A 83.0 89.7 90.5 86.4 87.9
B 82.6 92.3 92.1 90.2 90.4
C 69.0 53.1 57.0 83.9 68.5
D 89.6 90.8 85.0 66.1 78.8
E 77.0 85.1 83.0 85.1 83.7

B3 S BB R A A1

Fig.3 Sensory profile radar images of 5 kinds of yellow rice cakes
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FH15E

25 BIFMNEHER

M 22 IR A RERE S R LT o L b7, ¢,
FUAAL L™ a . b CHHAT B EVERER(P<0.05), L
o WY T A O(SR £5)~100( 4 ), W] SRR
B>A>D>E>C; o Ml b' ML iH, o ML G EE, JWH N
-60(LRa)~60(£1 (1), FRkESh B ML, S b RS
N D>B>A>C; b N H (A, BUETE FEA-60(1 )~60(i%), 5
P AR RE B RSN D>E>A>B>C; ¢ IR,
Bl R OCHK €2, )~100( B0 €6 f5 1 A ), iy 2 s € 7 o ff
D>E>A>B>C. AMULPE S L7, b°. MR B EIEH X
(=0.716. 0.837. 0.852, P<0.01), 5 o BW BFEHAHE
(r=—0.803, P<0.01), BEMIBE=E ST MM R 5 a8
I 25 SR 55— 3

F11 SHEAEEEFHNESER

Table 11 Determination results of color of 5 kinds of yellow rice cakes

FE L a b ¢

A 68.85£1.41° —4.65+0.17° 30.52+0.48° 31.87+2.01°
B 72.09£0.69° —6.04£0.27% 26.43+2.13* 27.12+2.02¢
C 57.1042.59° —1.65£0.33" 14.81£1.67° 14.90+1.67°
D 65.96+1.45° —7.58+0.64° 52.58+1.86" 53.13+1.93°
E 59.8242.05°  0.36+0.52" 35.27+0.47° 35.28+0.47°

T RSP RS BA B 25 5(P<0.05), TIF.

2.6 EFHEPILEINESER

PO =N

FEIN TAHRA N T 56 KK, SR F 2 A4 KoCosl'L B, €.
E 3 AR T NayCOs. K Al Na BiE, FES C 9
fEi o, Hah D Fa X, FEAh C S E LS D A
R T 227 4%, K B RBRAT IR, KB5S KoK
WA 6, 5 PP AkE AR B A C 1Y K & A BAIE,
AL HA T, H 8K /NF A D>E>A>C>B; Mg
WHEAER, K& 5 K/MF A A>D>B>C>E, K& —
FhEE G R, SURA S Z MIAFAE BN . 4808 . PR ek
S SEVE R, AN IR oK 0 5 A B L8 245 K R 2 X i
e 7 A S 0 ASRIEAY | ERPEA S KR Na B A
W B F 1A E(7=—0.944 . —0.925, P<0.01), BEAEREMITES
VG R i ORRAE R B R, i A AR R B I —
TR, EL AL B B T 4 6T A5 AR P B R R 1ok
T PEFEAR, X532 BR 0 1 s as it 2 58 5K 208 dh 5
AR 2 —3 P,
2.7 TPA DR

TPA JSTH4 43 AT 2 38 2o A8 {SCER S ABE4BLN 10 J¥s 1) REL WS
B8, XIEES AT EAE, 34T 18 B (hardness) . iR
P (cohesiveness) . i1 (springiness) . Zhi# 14 (adhesion). A
WE: (chewiness) . i i3 TPA MI%E, 1331 SHEE R W3 13,
LI =i MR B R 22 AN B, R nE
FETER B2 R BT SR | PR AR i
HHFE(=0.693, -0.718, P<0.01), HZEEM: . FhE Mk /A 5
BEEME(=0.619. 0.618, P<0.05). X 5XIHES RS

WZE 5 AP EAERER TR O i, 4R ILE 12, HLR A2, BEREBUN, RERVEBAS, BN A R
TR 2, PYI/NF 0.05, AREMZET, S FEE A REE S T 5 A RS, HEEE,
F 12 5 HEFEREPTRONELSR(mg/ke)
Table 12 Determination results of elements in 5 kinds of yellow rice cakes (mg/kg)

FE it K Na Al Mg Mn K+Na
A 923.4+40.1° 16.9+1.3° 256.8+5.5° 111.9+3.1° 4.35+0.12° 940.3+41 .4
B 506.3+24.1° 526.6+34.3° 71.446.2¢ 66.4+2.5° 3.56+0.08° 1032.9£56.1°
C 710.2+10.9° 1317.8+25.9° 212.0£24.0° 49,7229 3.27+0.17° 2027.9+36.4°
D 882.9+27.5° 8.6+0.1¢ 302.3+15.4° 82.8+4.4° 5.27+0.04* 891.6+27.6°
E 902.5+94.7° 502.0+38.4° 290.6+4.8* 39.0+£2.2¢ 4.61+0.39° 1404.5£132.9°

Fz 13 S HEFERMMNESR
Table 13 Determination results of texture of 5 kinds of yellow rice cakes

FE b Wi /N FRM/mI /% AEL A /m) FEM/N R /R
A 222.3+12.2% 0.82+0.02° 0.90+0.03" 163.3£6.3* 0.650.04° 0.00300+0.00035°
B 195.2+12.5°¢ 0.85+0.03* 0.90+0.04° 149.8+19.9° 3.330.17° 0.01700:£0.00100°
C 191.0£13.7° 0.87+0.02" 0.910.03° 151.7£9.7° 1.07£0.12° 0.00560+0.00100°
D 240.9+6.1° 0.85+0.04™ 0.90+0.02° 185.8+12.3° 0.24+0.02¢ 0.00097+0.00003¢
E 204.3+15.4% 0.89+0.04* 0.88+0.03° 159.9+11.7° 0.70+0.06° 0.00350+0.00042°
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