H36% HOm A B S5 1 AR B Vol. 36 No.3
2008 4F 3 A Journal of Northwest A & F University(Nat. Sci. Ed.) Mar. 2008

EME SR ERA DR EERIEPRREH

jljﬁﬂl,%gﬁz,%ﬁ’%fl,éy‘k'ﬁhl,é mﬁl’}ﬁﬁ%l

VTR R AT A A YR T G % T T8 21412252 55 8 MU0 B A IRA ARG LR B 8B 266101

(i ZE1 [HEAY 7 00 R R PSR 25 5 1T 1 o (08 RGP 10 R blp 0] 44 J O 3 i &85 SR T M ff R 8 0L oy
MR e R S AR R R A TSR IR R I . 5 iR Y SR BRI B0 45 G VAN L 3l i SR B A 3 10 Tl vl B LT A
B 0 JE I 1A 1 R AT S 1 S AR U ST AR 25 B DA 8 AR AR R BT A X G I R P TS AR08 SR I U A G 3 s kAT g
T 0 1 B AR AR I o 0 5 T AN 8 AR SR AL ] 2 o ST AR 25 T A AR AR 5 0 X MLV 1 R O M ASOR 255 T 6
SRVEAT o AT o A0 A R T T R A i A R Y R AT T R R SPSS13. 0 BHE R X OS5 R AEAT 4 M . S AW
S MU A Al RSO R P O 45 S 9, B e 285 R 5 B 25 5 PR AN A5 R AT LR, DU W BRI 25 5 PR 0 A A hE . (5
ST R IR RO 5 A VT 5 A5 B B M 11 JER U O v 4 R AR — B R R RO R B RE S 6 5 10,5 5 8 X
FE L TSR PT-H 32 D0 AR AR 4 b X 43 10 FhRE & i OB IR PE R 45 . MR AR & 1 A 2 1 O BB R Mk e kL5 A 8 i
B iR 2 . (450 Y BOWI 2R 6 PP 35 o) B 1 WG0 101 SR b 081 0 TE A, 5 0% B 0 R DE IR R LG B 2% A SR A IR
A HER L X 53 BE BN B,

CoRBBIA] MUy g LSRR M s BRI 255 VEA - SR BE 5 B0 i 1

[(RESZES] TS262.5 [x@trifa] A [XEHS] 1671-9387(2008)03-0213-010

Application of fuzzy comprehensive evaluation in beer
harmony characteristic tasting
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Abstract :[Objective] The study is aimed to establish a method of fuzzy comprehensive evaluation in
beer harmony characteristic tasting,and to make the result of sensory evaluation more accurate and objec-
tive,furthermore, to improve the beer quality. [Method) The method of fuzzy mathematics comprehensive
evaluation was applied in the study,and the mouth-feel harmony characteristics of 10 kinds of beer were de-
scribed by the membership grade: the system of beer taste compatibility comprehensive assessment inde-
xes,region of indexes and grade of comments were identified first; then the evaluation of single index on
beer harmony was carried out,and the fuzzy power weight vector ‘a’ was confirmed,and the model of fuzzy
comprehensive evaluation was established;lastly.to make an analysis on the result of beer harmony charac-
teristic tasting. Moreover, the whole harmony characteristic of beer sample was evaluated, and its result
was processed by the date processing software SPSS13. 0,and aftera while, the comparison of fuzzy compre-

hensive evaluation result and traditional sensory evaluation result carried out to show the validity of the
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former. [Result] The two kinds of harmony characteristic results were basically consistent, which came

from different methods. The sensory evaluation can not distinguish sample 6 and 10,5 and 8, while the fuzz-

y comprehensive evaluation can do all the 10 samples. The beer sample 1 and sample 2 were samples with

the best harmony characteristic,in comparison,the beer sample 5 and sample 8 were the samples with the

worst harmony characteristic. [Conclusion) Fuzzy comprehensive evaluation can be used for beer harmony

characteristic tasting. Compared with the traditional sensory evaluation,it is more objective and exact,and

has more significant distinguish degree.

Key words: Beer;mouth-feel; harmony;fuzzy comprehensive evaluation; membership grade;sensory e-

valuation
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Table 1 Variety and original gravity of beer samples
FE it G 5 it SR T EE/ C°P) GETE R 7, JR A TR EE/ C°P)
Number Origin Original Gravity Number Origin Concentration
1 YL.75 Jiangsu 8 6 J7 N Guangzhou 11
2 VL5 Jiangsu 8 7 J” % Guangdong 11.1
3 I ¥ Shanghai 11.8 8 Z [E American 13.1
4 VL.75 Jiangsu 8 9 EN B Indi 12
5 J” % Guangdong 11 10 fif 2% Holand 11.5
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Fig.1 System of beer taste compatibility comprehensive assessment indexes and comments

1.3 B hA %R BERTEMN

PEHC 16 A 2 58 1Y MR & 0 % 22 41 R0 P /)
4.2 GB/T4928 — 2001 MU 4 #7 97 361, % 10
T AN [) it R P MY R ot 2 AT R A TR B P AR
AT AT 0 — b Ab B 75 BB OC R A R,
1.4 EMIEREMNEE a BT

T4 LRk S PR R BRI M A A
rn VFZE S 25 Y w, KPR 45 MO T 35 55 8 %
FREE ) 0 SR Jm BE L H 6 Fl 11 JERAE 11 JE% P A 1 A A 1
W R (CBUE i 0~ 1, “0" R B AR EZE,
“VMRFEEREZD . KA B EIEHES % 4 51 6 F74E
B4 o SR Ji 5 BRA T X0 P R AT 00 — A A B 5 s 0 R A
TEM T84S w, XM SR JE B o, OV YA, BI15 2097
MBI AL 0] a= Caysaz,a;5ra,) s (p AP
Mg bR BN EO .
1.6 HEMESITEMERNET

BRI BUSR  2 E AT AR A2 4 i T 2R B
B T RO 25 A VAN B R Y O H R &
WHFA MOAVOEF MO, V) MOA LR
TR MC O FEFS . fhewkl2nr A, X gE A1
M M- ) R NIE A WE T RN R
FHIC ok ST B 28 A IE M AL A, M-, O &
FHHMATT AR

bj=min{l,§:1rnin(a,-r,j)},j=1,2,--',mo (1)

20, 9 b BB 255 A 45 2R 1] ) v % o 19
Aori g AERRER A PRIE S 4. p I 48 AR B0
NEORTCR p=6) a; AR o TR i DITR

XPASOR 45 MK R PP 5 55 T R ) W SRR
RFFE R S AT 5 FIIC R m ARSI IR
FERIN RS m=4),
1.6 MBBEOBRDAEEMESIENERREN DT
b BB £ A VPN 25 SR R TR I KRR
JEVE SRR 35935 RRORY ) B SRR T . ARAF ST
SR FERR IR 259 0 < 5 3 3 2 9% RV — AR X o7
BHESAE, A R A4 KL, 2,
3y am” ARIR R 45 VF I S G, IR FR HOR 45 SE
B AR P 1 ARRAR DML 2 AR B, 3 AR
A 4 RFRUME . T OB 25 5 PF A 25 S 1h)
) HOXF I R A% A R BRIMASCR A, 5 3 w0
P 24 UR A A7 B CRDRR InASCT- 35 JEE 0D, m] 287R
PURY
A=
j;lbf
b A S BORI 255 T A 25 SR o BRINACE 3t
BLERL L HRE RER=1 5K 2), H Y& Ak
W) b, T B AE s m S B DT 5 0 A B0 (AR SC
Hom=4) 30, hp b M 256 PP 25 5L ) ) vh % R
FIHEA B, T RLE i A (DR
1.7 DREM R EAE OB AN RIT
S8 GB/T4928—2001 MU 4 H7 7 3 5t ik
PEELEY 10 B ngiisy #F & E 47 12 08 M 5 0 5 PE 43
KA L R YE L2 MR 3 N H A
P4 ARV . XF 10 s RE S AT U R A O 45 HE
J7 s FL T SPSS13. 0 244X i P45 SR b4 745 50040 #7

(2



216

TH JEAR MR 222 4 CA SRR 2 RO

5 36 &

2

2.

1

2R 0

R 7 A o TR A R R AR B TR AR

WP RE it & SRR A A R L AR 2~ 11, X
VRS R AR AT BEAT VA — A Ak F, 45 30 00 7 A RO O £

%E% R, ’\’Rlzﬂ%% 12,
2 MEHRINERRITER

Table 2 Results of the evaluation of beer sample 1

R # 4 PEH#I4E Evaluation cluster
Elements cluster 1 s vs ,
uy 8(cy1) 7Cc12) 1Cc13) 0Ccyq)
us 5Cc21) 6(Cco2) 5Cc23) 0Cc2q)
us 8(c31) T(c32) 1Ccs3) 0Cc3q)
uy 9Ccq1) 6(Ccy3) 1Ccy3) 0Ccqq)
us 13Ccs1) 3(cs2) 0(cs3) 0Ccsq)
us 10Cce1) 6(ce2) 0Ccg3) 0Cces)

Wi (i=1.2,3,4,5,655=1,2,3,4) B8 { BIK 2w HEj TN SHWEE, £ 3~111[H,

»

Note:c; (i=1,2,3,4,5,6;7=1,2,3,4) is the number who agrees “u;” is the evaluation of the kind of “;”. The same to table 3—11.
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Table 3 Results of the evaluation of beer sample 2

S PE¥#I4E Evaluation cluster
Elements cluster 1 s s s
uy 5Cei) 4Cer2) 7Cc13) 0Cc14)
us 6(c21) 8(c22) 2(c23) 0Cc2q)
us 7Ces1) 7(cs2) 1Ces3) 1Ces4)
uy 5Ccq1) 8(cu3) 2(cq3) 1Ccqs)
us 9Ccs1) 5Ccs2) 2(cs3) 0Cesq)
ug 8Cce1) 3(ce2) 4(ce3) 1Ccs4)

x4 BEHERINERRIEER

Table 4 Results of the evaluation of beer sample 3

& 4R

Elements cluster

PFH) 4 Evaluation cluster

U1 U2 U3 Uy
uy 2Cci1) 2(c12) 5Cc13) 4(cyq)
us 9(co1) 5Cc22) 2(c23) 0Cc2q)
us 1Ces) 2(cs2) 10Ccs3) 3(csq)
uy 1Ces) 6Ccy3) 8(cyz) 1Ceqq)
us 8Ccs1) 6Ccs2) 2(cs3) 0Ccsq)
us 4Ceg1) 6(ce2) 5(ce3) 1Ccqs)

RS BEERINERRITER
Table 5 Results of the evaluation of beer sample 4
R # 4 PEHI4E Evaluation cluster
Elements cluster 1 s vs ,
u 6Cc11) 7Ccr12) 1(c13) 2Cc11)
us 5Cez1) 6(c22) 4(ca3) 1Ce20)
us 5Ce31) 8(cs2) 3(es3) 0Ccs0)
m 4Ceqr) 8Ccy3) 4(cy3) 0Ccqq)
us 8(cs1) 6(Ccs2) 2(cs3) 0Ccsq)
ug 12Ccq1) 1Ccq2) 3(cg3) 0Cceq)
X6 BAEERSHNERRITER
Table 6 Results of the evaluation of beer sample 5
S PEF#I4E Evaluation cluster
Elements cluster 1 s s s
uy 2Cci1) 4(cy2) 8(ci3) 1Cc14)
us 4(co1) 4(cy2) 6(co3) 2(coq)
us 2(cs1) 5Ces2) 9(cs3) 0Cess)
Uy 2Ccq1) 2Ccy3) 11Ceq3) 1Ceqs)
us 9Ccs1) 4(es2) 3(cs3) 0Ccs4)
us 3Cce1) 4(cg2) 4(ce3) 5Cceq)
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Table 7 Results of the evaluation of beer sample 6

S PEH 4 Evaluation cluster
Elements cluster ) sy V3 V4
ui 1Cer) 9Cci2) 4Cer3) 2(c14)
us 6Cc21) 8(c22) 2(c23) 0Cc2q)
us 0Ccz1) 1Ces2) 11Ces3) 4Ccsq)
uy 0Ccyqr) 10Ccy3) 3(cy3) 3Ccyy)
us 10Ces1) 4(cs2) 2(cs3) 0Ccs4)
ug 6(ce1) 6(cp2) 3Cep3) 1Cceq)
xS MEER T HERRDTLER
Table 8 Results of the evaluation of beer sample 7
eSS A4 Evaluation cluster
Elements cluster v vy 3 vy
ur 3Ce1n) 7(Ccrz) 4(Cc13) 2Cc1e)
us 7Cc21) 7Cc22) 2(c23) 0Cca1)
us 2(c31) 4(c32) 4(c33) 6Cc3y)
uy 3Ccq1) 7(cy3) 2(ca3) 4Ccyq)
us 12Ces1) 3(es2) 1Ces3) 0Ccs4)
us 3(ce1) 11Ceq2) 2(cq3) 0Cces)
RO BEERSHERRTLER
Table 9 Results of the evaluation of beer sample 8
&4 PEH#I4E Evaluation cluster
Elements cluster o s vs s
w, 2Ce1) 3Cc12) 9Cc13) 2Cc14)
us 3Cc21) 3(c22) 6Cc23) 3Ccaq)
us 0Cc31) 2(cs2) 5(es3) 9Cese)
Uy 4Ceqn) 2(cy3) 5Cc13) 5Ccyy)
us 9Ccs1) 6Ccs2) 1(cs53) 0Ces1)
us 1Ccq1) 3(cg2) 8(ce3) 4(Ccgq)
F10 BEERINEXRRITER
Table 10 Results of the evaluation of beer sample 9
S PEF#I4E Evaluation cluster
Elements cluster 1 s s s
uy 4Cer1) 4Cc12) 6Ccr3) 2Ce1s)
us 6(Cc21) 7(c22) 2(c23) 1Cez4)
usz 1Ces1) 7(cs2) 5(Cc33) 3Ccsq)
m 4(Ccq1) 8Ccy3) 2Ccy3) 2(cqq)
us 8(cs1) 6(Ccs2) 2(cs3) 0Ccsq)
us 5(c61) 3(cs2) 1Ces3) 7(ces)
FI11 MEBEHERIOHERMTFLER
Table 11 Results of the evaluation of beer sample 10
S PEHI4E Evaluation cluster
Elements cluster v w2 v3 vy
u 2Ce11) 11Ce12) 2(Ccr3) 1Ce1s)
us 7Cez1) 8Ccz2) 1(ca3) 0Ce24)
us 1Ces) 2(es2) 6(c33) 7(ess)
uy 5Ccq1) 5Ccy3) 2Ccy3) 4(cyq)
us 10Cces1) 4(cs2) 2(cs3) 0Ccs4)
us 3(ce1) 7(cp2) 3Cep3) 3(ces)
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Table 12 Fuzzy matrix of 10 kinds of beers
[ TE R PR 56 22 00 [ FE o TR 56 28 4 [
Number Fuzzy matrix Number Fuzzy matrix
[0.500 00 0.437 50 0.062 50 0] [0.062 50 0.562 50 0.250 00 0.125 007
0.31250 0.37500 0.31250 0 0.37500 0.500 00 0.125 00 0
~ [0.500 00 0.437 50 0.06250 0 B 0 0.062 50 0,687 50 0.250 00
! R 056250 0.37500 0,062 50 0 f R 0 0.625 00 0,187 50 0.187 50
0.81250 0,187 50 0 0 0.625 00 0,250 00 0.125 00 0
10.625 00 0.375 00 0 0] 10.375 00 0.37500 0.187 50 0.062 50
[0.312 50 0.250 00 0. 437 50 07 r0.187 50 0,437 50 0.250 00 0.125 007
0.375 00 0.500 00 0.125 00 0 0.437 50 0.437 50 0.125 00 0
0.437 50 0,437 50 0.062 50 0.062 50 0.125 00 0,250 00 0.250 00 0,375 00
: R 31250 0,500 00 0.12500 0,062 50 ! R 0 18750 0.43750 0.12500 0.250 00
0.56250 0.31250 0.125 00 0 0.750 00 0.187 50 0. 062 50 0
10.500 00 0,187 50 0.250 00 0. 062 50 0.187 50 0.687 50 0.125 00 o |
r0.125 00 0.12500 0.312 50 0.250 007 r0.12500 0.187 50 0.562 50 0.125 007
0.56250 0.31250 0.125 00 0 0.187 50 0,250 00 0.37500 0.187 50
0.062 50 0.12500 0.06250 0.187 50 0 0.125 00 0.31250 0.562 50
’ Rl 006250 0.37500 0.50000 0.062 50 ’ R 025000 0.12500 0.31250 0.312 50
0.500 00 0.37500 0.125 00 0 0.562 50 0.37500 0.062 50 0
10.250 00 0.37500 0.312 50 0.062 50 10.062 50 0.187 50 0.500 00 0.250 00
r0.375 00 0,437 50 0.062 50 0.125 00 r0.250 00 0,250 00 0.375 00 0.125 007
0.31250 0,375 00 0.250 00 0.062 50 0.37500 0,437 50 0.12500 0.062 50
~ 0.31250 0.500 00 0,187 50 0 ~ |0.06250 0.43750 0.31250 0.187 50
! R 0,250 00 0500 00 0,250 00 0 ? R 10,250 00 0.500 00 0.12500 0.125 00
0.500 00 0.375 00 0.125 00 0 0.500 00 0.375 00 0.125 00 0
10.250 00 0,375 00 0.31250 0.062 50 0.31250 0,187 50 0.062 50 0.437 50
r0.125 00 0,250 00 0,500 00 0. 062 507 0.125 00 0,687 50 0.125 00 0.062 50
0.250 00 0,250 00 0.375 00 0.125 00 0.437 50 0,500 00 0,062 50 0
0.125 00 0.31250 0.562 50 0 0.06250 0,125 00 0.37500 0.437 50
° R 012500 0.12500 0.687 50 0.062 50 10 R 0 31250 0.31250 0.12500 0.250 00
0.562 50 0.250 00 0.187 50 0 0.625 00 0,250 00 0.125 00 0
0.187 50 0.250 00 0.250 00 0.312 50 0.187 50 0,437 50 0.187 50 0. 187 50
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Table 13  Membership grades of 6 evaluation indexes by evaluation experts
LR %5 No u uz u3 uy us us
1 0.82 0.41 0.73 0.55 0.32 0.55
2 0. 54 0.63 0.63 0.76 0.45 0. 83
3 0. 86 0.59 0.74 0.59 0. 38 0.75
4 0.78 0.77 0. 89 0.53 0. 34 0.52
x4 BEHCNFENEEREEENA—LLELR
Table 14 Normalization results of the membership grade for 6 evaluation indexes
R %5 No. u; us u; uy us us
1 0.242 60 0.121 30 0.215 98 0.162 72 0.094 68 0.162 72
2 0.140 63 0.164 06 0.164 06 0.197 92 0.117 19 0.216 14
3 0.219 94 0. 150 89 0.189 26 0. 150 89 0.097 19 0.191 82
4 0.203 64 0.201 04 0.232 38 0.138 38 0.088 77 0.135 77
1 Average 0.201 71 0.159 33 0.200 48 0.162 48 0.099 46 0.176 61
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ruo Tz Tz Ta
rsi Tsy o sz T
Lrer  Te2  Tes  Teud
[0.500 00 0.437 50 0.062 50 07
0.312 50 0.37500 0.31250 O
0.500 00 0.437 50 0.062 50 0
0.176 61) -
0.562 50 0.37500 0.06250 0
0.812 50 0.187 50 0 0
10. 625 00 0.375 00 0 0]
X R 255 VR 45 SR ) 1 0 HEAT BRI AT 2
HRARM TR A KR
DRy
ST

(1X0.534% +2 X0, 382% +3 X 0. 085* +4 X 0*)/
(0.534%4-0. 382* +0. 085 +0?) =1. 365 92
1.365 92 4bF 1 1 2 Z [A], & B Mgy A% 5 i O
SR PEFEAR PR 5 He A E I Z 18] IR AT JE 2 S T
L2y 1 AT e F 7 5 s R T S N
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WM 4 ADEG A R, 2 AR AL 3 R
RBP4 ACRA D BB 25 & 1T 25 2R )
70,5000
b, =1(0.533 52,0.381 47,0. 085 14,0),
b, = (0. 405 53,0. 363 34,0.197 58,0.033 74),
by =(0.231 43,0. 264 49,0. 357 14,0.109 17),
b, =(0.322 58,0.433 03,0.198 27,0. 046 19),
b; =(0.199 46,0. 242 18,0. 447 86,0.097 85),
%15
Table 15

2.3 BEMGSETENRENET
PAREdh 1 oA 0] 86 8 OB 255 A AR

=((0. 201 71,0. 159 33,0. 200 48,0. 162 48,0. 099 46,

=(0.533 52,0, 381 47,0. 085 14,0) =05,

by = (0. 200 76,0. 398 33,0. 284 24,0. 116 83),

b, =(0.270 76,0.419 15,0. 169 06,0. 141 97),

by =(0.162 73,0.193 41,0. 381 19,0. 262 83),

by = (0. 268 26,0. 359 47,0. 200 18,0. 170 29),

by, = (0. 253 54,0. 396 28,0. 17 621,0. 174 08),

m (2. A =1.365 92,A, =1. 634 15,
A, =2.372 04,A,=1.818 38,A, =2.583 12,A; =
2.230 87, A, = 1. 983 28, Ay = 2. 923 49, A, =
2.099 04,A,,=2.096 91, ¥ A Fi I8 M /N2 A A9 I
FEHETIR IR B A <A, << A, <<A, <A, <<A, <A, <<
Ay <TAs<<Ag MG HI 10 Folr WGP A i 11 JR%ODA P 4] i 28
BN PR B U
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15 g 16 A2 M0 it BF- & G2 %5 10 Fol ML A o ) 11 R
IR D A SR L 5 5 R B 2 R (B 2) 45 3 B
PP A (R 16) ,i#F — 28 3 B mT AR A 11k b
PP R R 2= AN Ry s My > M, > M, > M, >
M,y =M;;>M,>M;>M; =M;,

16 fr P iF @I E R 10 MEEFERPOBRBAERITER

Results of the taste compatibility evaluation on ten kinds of beers by 16 beer evaluation experts

FE 5 Sample

PR Tast class

1 2 3 4 5 6 7 8 9 10
AP Not coordination 1 2 4 3 2 2 3 5 2 3
AP Less not coordination 1 6 8 7 10 9 4 4 11 7
I 4 Realatively coordination 13 7 3 6 4 3 9 6 2 6
R4 9H Very coordination 1 1 1 0 0 2 0 1 1 0
TE RPECF SRR jG=1,2-  TOFRE R S (G=1,2,3, O FITH S 2E .
Note: The numbers in the table represent the ballots that the sample j(j=1,+++,10) accords with the evallation grad i(i=1,2,3,4).

TR 2.3 A HER R S A R B A, TR PRI PR S B2 L h e AT AR B 10 FRRE AL 1R
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Fig. 3 Comparison of taste compatibility of fuzzy comprehensive evaluation and taste evaluation
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