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Correlation Analysis and Modeling of Salivary Flow Rate and Spicy
Sensory Intensity Grading

LUO Xin, DING Lu, XIE Dingyuan ", FANG Yan, YU Yonghao

(Key Laboratory of Environment Food Science, Ministry of Education, College of Food Science and Technology,
Huazhong Agricultural University, Wuhan 430074, China)

Abstract: The aim of this study was to investigate the correlation between spiciness and saliva flow rate by measuring the
saliva flow rate of subjects after consuming different concentrations of capsaicin solutions, and to establish a rapid method
for determining the spiciness of foods. The physiological change caused by the increasing of saliva secretion after eating
spicy food was used as the influential indicators of spicy taste intensity. The salivary flow rate was calculated by the
salivary secretion of the subjects, and the relationship between the spicy intensity and salivary flow rate was fitted. Based
on the fitting model, a new grading system for rapid and accurate calibration of spiciness was constructed, and the model
grading results were verified by sensory evaluation method. The results showed that the intensity of spiciness significantly
affects salivary flow rate (P<0.05), and the spiciness could be accurately and quickly graded by salivary flow rate.
According to the salivary flow rate range, the spiciness was classified into 5 levels according to the salivary flow rate range:
Grade 1 slightly spicy [Scoville heat units (SHU)10~500 (inclusive)]: Saliva flow rate (g/min) 0.496~1.395 (inclusive).
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Grade 2 light spicy [SHU500~1000 (inclusive)]: Saliva flow rate (g/min) 1.395~2.153 (inclusive). Grade 3 medium spicy
[SHU1000~1500 (inclusive)]: Saliva flow rate (g/min) 2.153~2.749 (inclusive). Grade 4 heavy spicy [SHU1500~3000
(inclusive)]: Saliva flow rate (g/min) 2.749~3.569 (inclusive). Grade 5 hot (SHU>3000): Saliva flow rate (g/min)>3.569. By
collecting the saliva secretion of 5~10 people after eating spicy food, the spiciness of the food tasted by the testers could be

rated quickly by combining the quantitative relationship between spicy taste intensity and saliva flow rate. The saliva flow

rate spiciness rating result was in the same spicy taste measurement level as the sensory rating result, which could basically

reflect the real spiciness feeling of people after eating spicy food.

Key words: spicy sensory intensity; capsaicin; physiological indexes of spicy food; saliva flow rate; regression analysis
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Table 1 Standard spiciness grade of Chu Dishes
SHU MY T & it (g/kg) BRI
10~500( %) 6.485%107%~3.243x102(%) T
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Table 2 Preparation of hotness grade dilution

75 IR4000SHUH (g) BRI (gkg) SHU  HUESMH
1 / 0 / A
2 31.875 0.0158 255 Tk
3 93.750 0.0466 750 B
4 156.250 0.0776 1250 ik
5 281.250 0.140 2250 Giv’
6 412.500 0.205 3300 AR
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Fig.1 Feedback form of 5-point spicy taste
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Table 3  Preparation of saliva flow rate spicy diluent

SHU ISHU4000%(g) HMIIKIE (gkg) MITEITS WEHEETS
250 31.250 0.0155 2 (2)
500 62.500 0.0311 3 (3)
750 93.750 0.0466 4 (4)
1000 125.000 0.0621 5 (5)
1250 156.250 0.0776 6 (6)
1500 187.500 0.0932 7 (7)
1750 218.750 0.0932 8 (8)
2000 250.000 0.124 9 9)
2250 281.250 0.1401 10 (10)
2500 312.500 0.155 11 (1)
2750 343.750 0.171 12 (12)
3000 375.000 0.186 13 (13)
3250 406.250 0.202 14 (14)
3500 437.500 0.217 15 (15)
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Table 4 Spicy sample liquid and SHU corresponding to each
spicy-tolerant population
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Table 5 Standard solution and sample solution in the
preparation and verification experiment

31.875 255 0.0158 pead
PRAER 93.750 750 0.0466 B
156250 1250  0.0776 rh
25.000 200 0.0124 4. (4)
62.500 500 0.0311 6. (6)
- 100.000 800  0.0497 2.(2)
125.000 1000  0.0621 3.(3)
162.500 1300  0.0807 1. (1)
187.500 1500  0.0932 5.(5)
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Fig.2 Sensory evaluation of the spiciness of the sample liquid



342 - 25 T BHE

2022 4 8 H

W, PR RIS B A= W57 53 11 ok, R
FATCHIR A 1k, T 25~30 °C BYZKEK I, R AR BE
[A]k% >4 5 min.

A VR e VAR AT + R A I VAR 4 T e (AL B B A
A 1.2.3.3.
1.3 HEIE

X J Microsoft Office Excel 2010 {2} %& 34 57
TN G MRV TR, A B R EZE RO ; SPSS26.0
HANAD IS BRI T IT 2255 5 T FRPESE 245097
FRN ST L [BHE 538 LA R A A2 565 Origin 2018
YERE
2 HERESH
2.1 FRREREIFE R AR L
2.1.1 ZIR ALY L5675 ik B i ik
2 L Sk RABUEHDTF A5, IS S N E BN
AR, DLLE A TS R TR AR R, A T — A
98 ANMEE Wizl F BN, Horp g 32 A BHETE S
FRABEEHET 56 A E, RGN GAE N e Sk s
B RO R B o KBNS L b ) 3:7, 2% Cheng
U] 2ot AR M 1], A2 333 A K s TR ) 21 4>
BEATEIX, 7340 TR E 4 REHIX, Hp kX 5
F| 42%, THIX N 37%.
2.1.2 ZHIBAESIFI R 2 6 WoR, Tk A9aZ ik
A SR R, 2ot s 71%, Bk 29%, ZoitH
2T B, FEEEMEA B L B 254 55 L L)
—,

%6 Sl BAPIAA Bl A0

Table 6 Gender composition of the tested team

P N (UN)] FARE (%)
5 28 29
& 70 71
&it 98 100
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Fig.3 Distribution of the growth area of the subjects
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Fig.4 Distribution of spicy food areas where the
subjects grew up
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B SE NS R, ISR S R JH A )
BRI Uy B A2 R R — A2 Fp e 456 AR B I K

0 T L—EK

2.2 HERRRSRRE SMERR R 2 [EREYAX R

221  HEASFEIRHAE AR R i
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FEAHIC (P<0.05) o I AT 3 4 A8 A S i o U 5
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Table 7 Intersubjective effect test of saliva flow rate

i M 2F M g ¥ F M

B IERLHY 148.418 24 6.184  4.823  0.000
HitE 440.424 1 440424 343496  0.000
28 51 0.857 4 0214  0.167 0955
PR 81.627 10 8163 6366  0.000
[p2 ESIES 1 RN 1.912 10 0191  0.149  0.999
R 325.674 254 1.282
Bt 1128331 279
BIE )G St 474092 278
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2.2.2 SrNTERRE SMER R Z AN ER BT
k=, X LSD £ g ik T4, A i
EMER A B EE AN R 8 s, PA&E IR A Al 1, SHUO
55 HA 13 FRBREEZH A1 ERA W P22 57 (P<0.05), 1
VR B8 BH oA i B8 o) e Y i AT B S R T DG AR TR
SHU250 —#2A] LRI, HAT SHUS00 F-2 H EiE
EPERFRAG R, FH] SHU250 5% SHUS500 LLAH
PBRIR 5 B 20 (0] 24 i 3E 122 5 (P<0.05); SHU 1500~
SHU3500 19 LbEAE A IF AR I IMAE R 8, BIRE &
PRI 2H (0] JCHA i 22 55 (P>0.05) .

#* 8 MEWUA Tamhane’s T2 2 AL ()
Table 8 Tamhane’s T2 multiple comparison of saliva flow rate
(Significance)

(DSHU  ()SHU  FPIEZEMEA~D)  tefERE Bk

0 250 -0.416 0.070 0.002
500 -0.792° 0.079 0.000

750 -1.114° 0.097 0.000

1000 -1.414° 0.057 0.000

1250 -1.675" 0.127 0.000

1500 -1.887" 0.101 0.000

1750 -2.070" 0.211 0.006

2000 -2.213" 0.219 0.005

2250 -2.334" 0.325 0.036

2500 -2.415" 0.288 0.015

2750 —2.482" 0.125 0.019

3000 —2.430" 0.123 0.019

3500 -2.077" 0.097 0.011

250 750 -0.699" 0.115 0.000
1000 -0.999" 0.084 0.000

1250 -1.259" 0.142 0.000

1500 -1.471° 0.119 0.000

1750 -1.654° 0.220 0.012

2000 -1.797° 0.227 0.009

2500 -1.999 0.295 0.034

2750 —2.066" 0.139 0.003

3000 —2.014" 0.138 0.003

3500 -1.662 0.116 0.000

500 1000 —0.623" 0.092 0.000
1250 -0.883" 0.146 0.000

1500 —1.095 0.124 0.000

2000 —-1.421° 0.230 0.035
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Fig.5 Scatter plot and Y error plot of the second order value of
spiciness intensity and saliva flow rate
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Fig.6 Standardized residual plot of the quadratic curve of
saliva flow rate
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Table 9 Curve fitting data of spiciness intensity and saliva flow rate

SRR SRR
F B
JEa PE RBR F Psig W bl b2 b3
dfl a2

2k 0.604 311.063 1 204 0.000 0.987 0.001
/e 0.721 262917 2 203 0.000 0.476 0.002 —3.23E-07
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2E 0.549 248.392 1 204 0.000 0.954 1
K 0.549 248.392 1 204 0.000 —0.047 0

HAL 0.549 248.392 1 204 0.000 0.954 0

N0 HET MR A AR A BUE T2

Table 10 Spiciness classification based on saliva flow rate
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Table 11 Results of sensory grading and saliva flow rate of sample liquid
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