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Abstract: In order to explore the relationship between glutathione (GSH) and bitterness, sensory evaluation of their mixed solutions was
carried out. Box-Behnken center composite experimental design and response surface analysis method (using solution dilution value (TD),
solution pH and dissolution temperature as the response factors) were used on the basis of single factor experiments for experimental data
processing. The optimal parameters determined by single factor experiments were: temperature 40 °C, pH 7, dilution value 15 (under which
the concentrations of glutathione and L-Leucine were 16.67 mg/L and 3.00 g/L, respectively, with the concentration ratio of L-Leucine (L-Leu)
to glutathione as 180:1). The optimum flavor-enhancing conditions obtained by the response surface optimization tests were: temperature 38 C,
pH 7, dilution value 16.9, where Cgsy~14.80 mg/L, C,_ o Cesy=202.8:1. This research provides a reference for the study on the synergistic
effect of kokumi sensation, which is of significance, especially the demonstrated feasibility of further improvement of the unique flavor of the
bitter beverage such as coffee and tea.
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YIZk, EPA 1.00 g/L MIFFFRRUIZRERMA . 35.00 g/L H
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N 0.25 g/L B H AR 393711 25 kokumi BJE&, H/N
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Table 1 Sensory for scoring criteria

I H Bl &I El  EEIS
Fok 0~10 10~20 20~30 30~40
Kokumi =k  0~10 10~20 20~30 30~40
ek 0~25 2.5~5 5~75 7.5~10
Bk 0~25 2.5~5 5~7.5 7.5~10

14 WHEBHERFHREERE

S PSR T L m R EE WK E A 3.00
o/L, AIEHIRFIBIMEIRE R 0.25 g/L, Z% Frank™®
LT, R BERARRE 73BT (Taste dilution analysis,
TDA)ERA I H BRAl A L & R AL B IR
0.25 g/L #13.00 g/L FI¥FF1E 100 mL &SI+ E
BMERR, 25 10 mL BER, EARE L& R
WEARTELL T2 10 £, 156%. 20 f%. 251%. 30
f5. 351%. 40 f5. 45 f5. 50 REAELEE A 4l Kt T
BATRE, 5 AR N A e H IR 43731 7y 25.00
mg/L. 16.67 mg/L. 12.50 mg/L. 10.00 mg/L. 8.33
mg/L. 7.14 mg/L. 6.25 mg/L. 5.56 mg/L. 5.00
mo/L. HU&H B DMREIRE SRR 5 mL, #%
HEIR BEAR IR BRI 23254 8 I B Ve R B
BEACHICR H = S22 i AT Vg« S5k
KRS L-se m BRARHE VR [R]85 22 5 W4
RER R R, b AR RS 4, B R
(TD), TD {HN&VHE U E &5 R FAME . fETEE
HRJGPTBL, S5ETEE S I B OB S D 10
5. 15 %, 20 fi%. 25fi%. 30 fir.

15 BARZES

PSR RCR (B PN bR, BFFVE I pH

8, TD AWM XSGR SR, AR E e i

HIHER 254 o
151 TD 33k E a9 % hsr %
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Table 2 Design Level Table of Box-Behnken Center

Combination Experiment
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Fig.1 The Influence of Three Factors on Sensory Score
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o ARYERF IO A, EHORTE 37 CA AT, mTEkE
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YA TR A 38 °C A A By, IR iR
5N BT, W2 R, AR RES
AT B PPN B B R A R R R . B 1
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BN 6 B, TR, A HEMREK. pH
B9 7 B, BRIEARX R, HAE S R R
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Bl 1A ek, 7R AN pH A FIRZ4F T, TD=10 i,
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Fig.2 Radar Map of the Influence of Three Factors on Sensory

Scores
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FIF Design-Expert.\V11.1.0.1 #5471 pH {# .,
TD VA AR A I B2t AT i S LA 7M. 45
| =R Z R AR Y=62.40+1.80A+11.28B+
0.5750C-1.40AB-1.00AC+4.15BC-9.58A%11.43B%7.83
C?o X T PP [N RI HEAT 5 22 0T 4 B
AU (p<0.01) HARIIUN AR (p>0.05),
A — U 2 T B VAR R e A HD e e ) L S
fHo AR ZIREVIRER FAER R, A=A RAR
BRI B PR RISZ IR Ny B>A>C,  HlE
FESpH> MRS HL. 77 Z2 0 TR B, R SE I R4
HARSF AR E, BRI E 2% R*=0.95, 7L
BERSE B R®aq=0.89, U HH A0 ) 7 U 30 Bl 9 75 A
Wi NAAE 89.19% AL, FI{EEE . C.V.=854%, %
TEN 11.08, ULHHRIETIME, RS REELS, WARY
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%% 3 Box—Behnken IR3G& T KRB
Table 3 Box-Behnken Test Design and Response Values
XESF A B C REiEpy
1 65 43 15 55

2 65 35 15 47
3 65 39 20 46
4 65 39 10 40
5 7 39 15 60
6 7 35 20 30
7 7 39 15 62
8 7 43 20 54
9 7 43 10 48
10 7 39 15 60
1 7 35 10 40
12 7 39 15 66
13 7 39 15 64
14 75 39 10 46
15 75 39 20 48
16 75 35 15 30

17 75 43 15 56

W 2 T ) g T PR S e 2 P S T DUk 4 24 3
AN, HARPI AR SR IIAR LA AR
PR R RICR Ao o T P S e 2 ) S e DU I
M H 79 2 P RO P RCR 9 55 L T 1) 7 3 i
Ko AR, 1055 2 AP DO IR 164 1 B
AR AR SR, UL T TR 3 A8 LA
R B R A HAE S o
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R4 BRYREETSHES
Table 4 Sensory Score Variance Analysis of Taste Enhancement

7 ERR F 75 A AW A bk F1a p & 2EM
A 245557 9 272.84 15.67 <0.01 *x
A 25.92 1 25.92 1.49 0.26
B 1017.01 1 1017.01 58.41 <0.01 *x
2.65 1 2.65 0.15 0.05
AB 7.84 1 7.84 0.45 0.06
AC 4.00 1 4.00 0.23 0.04 *
BC 68.89 1 68.89 3.96 0.03 *
A2 386.02 1 386.02 2217 <0.01 p
B2 549.60 1 549.60 31.56 <0.01 *x
c2 257.81 1 257.81 14.81 <0.01 *R
RE 121.89 7 17.41
KA 94.69 3 31.56 4.64 0.09
Wig £ 27.20 4 6.80
B 2577.46 16

E: XA p<0.05 K-F23F, ¥R EE p<0.0l K-TFHREF,

HPE 3 i a SR A R, SRk e T
T, RUTEFIE pH AR 1928 H A F ik R
R, p T R, AR pH ERRAE AL T 5
Akt Ul TD B, RACRMIEE VR SbEE
BRI pH BRI BT i LS T i s B
#ath, 24 pH {HAE 6.5~7 JURE NI IEEE N, 7F
7~7.5 JE I BRI T . H R 3 ¢ S 2k P,
ERBONRERTY, WERREEAN TD A28 TAE FIRHE kR
BRI B VP BN S5 AR o £ b i T e
BIESMBEE VAR R TD [ s LB 5eTHe 5 1%
fIAEass, TREERCNIISE . EEEH pH AN, &
HiPr R RS BT, IREECNIHE, 2
AN EBLUFEaS. BE%E TD KT, BT
TR, BE 3 e RIS mLRIM, Sakinl
I, RBBVAEFIN pH {EA TD M8 B AR X HEmk
BORA REE . B R, RE VR REE A
pH F1 TD pEnEBHL BAHE FREH. e
TD A4, SRR AR pH 4T 6.9~7.1 JEFE A
i, 2P ETHE SR, WIRECNIE, 75 pH 4T 7.1~75
JEREIAE, EIFEEERE; BE TD A4, IR
REVEAMEIERT 35 C~41 CyaHE I 23 Tt
fath, WEIRECAWIN, MIREALTE 41 “C~43 ‘CYEFIN
B 2L, FEIEAE R,

23 MR ERSIRASE

i1t Design-Expert V11.1.0.1 #6555 pH {#.
TD A AR B X e B8 1A 2 TR AR AR 6 234

13 BRI AR 25, IR AL S H TRk
WORIR AR SRR V7 pH=6.93, IR A
38.12 ‘C, TD=16.89, HLRIEE TN 75, HREFIL
BREEVERIERITE, KPR IE R pH=T, ¥
MR E N 38 C, TD=16.9, AT Cog~14.80 mg/L,
Cr-1e=3000.00 mg/L,{EIAAF N IIF BRI AR [ m
PE, A RINBRE N 72, BRHOME 75, W2z
BN, YRR ATE B, R IR TG A A
Ei0p I

a ¢
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B:Temp
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Fig.3 The contour diagram and surface diagram of the
influence of the interaction of various factors on the flavoring
effect

3 ZEig

31 ACEEETEED, B EEERSES, R
PAIERRCRFA AT A . e IR SRR R A
e, WRRZLLLGER pH EAN=AHAR R, 1AL

250

RHVRE T AR, EE T AR, RN
W23 (p=0.0008) HAEFITUAAEE (p=0.09>0.05),
PRI SEO A R, IR 40 °C, pH=7 I}, TD=15, It
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