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Identification of chili powder adulteration based on thermal analysis

ZHU Xiaoling® LIU Jie"™ CHEN Li" WANG Bin">> JIANG Feng'*’

(1. Hubei Provincial Institute for Food Supervision and Test, Wuhan, Hubei 430075, China; 2. Key Laboratory of
Detection Technology of Focus Chemical Hazards in Animal-derived Food, State Administration for Market
Regulation, Wuhan, Hubei 430075, China; 3. Hubei Shizhen Laboratory, Wuhan, Hubei 430075, China)

Abstract: [ Objective] To investigate the application of thermal analysis in the identification of chili powder adulteration. [ Methods] Chili
powder samples and adulterated samples (corn, wheat bran, rice husk, and rice) from different sources, different simulated adulterated
samples, simulated samples with different adulteration ratios, and commercial samples are analyzed by a thermal analyzer. Samples are
crushed, passed through a 60-mesh sieve, and then analyzed in the thermal analyzer at the heating rate of 10 ‘C/min from the room
temperature to 800 ‘C, with a flow rate of 100 mL/min of nitrogen as the atmosphere and an empty aluminum crucible as the reference
material. The thermal characteristics of each sample are analyzed. [ Results] The main weight loss temperatures of the pure chili powder
samples are within the range of 180~579 ‘C, and the weight loss rate is 60.50%. The main weight loss temperatures of the adulterated
samples with corn flour, wheat bran powder, rice husk powder, and rice flour are within the ranges of 256~386, 252~392, 203~414 °C, and
249~349 °C, respectively. The adulterants show a more concentrated thermal decomposition interval, and the difference between the starting
and ending temperatures of the main weight loss stage can be used as a basis for identifying the authenticity of chili powder. In addition,
according to thermogravimetric curve and thermal conductivity differential curve, different proportions of simulated adulterated samples and
pure chili powder samples can be well distinguished. [ Conclusion] Thermal analysis can be employed to identify the adulteration of chili
powder samples. The method is simple and does not require complicated sample pretreatment.
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Figure 2 Heating curves of chili powder samples from

different sources
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Figure 3 Heating curves of corn flour from different sources
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—_

S

n
1

AAH
e LT0% B
—50%Z BN B

sy 30%2 BRI B

el
=
T

~
wn
-
3
S
S —
i
=

Jpisie S
Quality retention rate/%
P o))
[ (=)
T

W
=
T

15 \ \ \ I “
20 150 280 410 540 670 800

Temperature/ C

(a) TGEiE

A8

R e ko iR 0 B A BRI A

121

T ook M
e i | JowERR B
J,E.‘gc\,\i 0.8F L S0%ERRI B
S 30%E BRI
ﬁa r 10%22 Bk A B
E }‘ 0.4

g 0.2

410 540 670 800
Temperature/ °C
(b) DTG

# TG %A DTG B %

0.0 LN |
20 150 280

Figure 8 TG and DTG curves of simulated adulterated chili powder samples with different proportions of wheat bran powder



F&M | Vol.42, No.2

B B B U TR S 3 G A T ¢ 1k U B T AR
B4, DTG M e, 329 2% 5 Wy Be iy 6 35 04 T Bl 35 45 1)
L 51 % 8 i 328 3 76 45 50 B SR B, L DTG il 22 vpaT LA
F il A AN TR LY A SR04 MR i 2 B L5 Al BN
Ty R B XA o PRI, SR RT3 0 BT E AT UABURY B i 45
R 0 M0 B A AT o IR i T LA O 6] L A
(4 22 B b 18 18 LA MR 7 by 1B BB 11 4B IBORE B 7Bk A
Jutk b5 AR B A R OR 22 5 A b T RAAE R

1051
& 90r S L T0% RSB
2 50%FE5E KB
tdr; 751 ‘ 7/ SN 30% AT HA
I I e S el
I ¥
B 2 45¢
=
S
15 L L L L L |
20 150 280 410 540 670 800
Temperature/ C

(a) TGHE

B9 RE BT SE 8 R SRR A S

RERF S 5 AT R AR S5 B BRI 45 (B

BRBUR 15 18 1 2 25 ) 5 A0 -
24 WEHEMSW

BT 2 W B AT 25 BRIV AE L 7E 58 4 4 W) 1 43 AT
AR X IR — R S AT A BT LA BT AT S R B AT
—EAT R ARAE L P 6 D AR AR A HC i R i AT
AN, I 5 B HRUR B T 0 BT 1 RS AT SRR
GESRANIE 11 R o Hrh 2 0 OB B A 1 g B S

2 RO AE T 22 S 0K T 4R IROG B AR AR L E K
061 ST 7000725
sl s B
. é-j | 30% T B IR
5= 04 A 10%REERBE
Ig &
i } 0.2
ERSITAN
0.0 [ e’ . e |
20 150 280 410 540 670 800
I
Temperature/ °C

(b) DTGHIE
%89 TG A DTG B %

Figure 9 TG and DTG curves of simulated adulterated chili powder samples with different proportions of rice husk powder

1051

ool s kB

v ,(7O%jt7f©{:5ﬁf‘€%
RN 50% K [

20%?(44*5:‘?%1&
10% KB

Jrisie U3 e
Quality retention rate/%
o
[=)

T

45+
30+
15 1 1 1 1 1 = ]
20 150 280 410 540 670 800
TREE
Temperature/ C
(a) TG

A 10

2.1
2 KB

211 71
RERE
1:2 - \1\‘ 50%F AR B
0.9F 30% R KA IR
0.6F 10% IR BB
0.3l BIABR

. OC‘I)

il
Quality loss rate/(%

Iistici

|
I
|
|
|
Il

0.0 EEE=—T) T L )
20 150 280 410 540 670 800
i
Temperature/ °C
(b) DTG

R AR R R B 3518 69 B R SRR AE 5 89 TG & DTG B #

Figure 10 TG and DTG curves of simulated adulterated chili powder samples with different proportions of rice flour

95
- 80
65
£ 50
35

201 T

TRidHES
Quality retention rate/%

5 L L L L |
20 150 280 410 540 670 800
I
Temperature/ C
(a) TCKEI¥%
B 11

Figure 11

4
n

T%;‘Jﬁ’fﬂ*ﬁnz
'ﬁi‘%#}km%}l )

J R R R
. °C‘1)
=] =3
W +

o
=

Quality loss rate/(%
o
o

J
670 800

i
Temperature/ °C
(b) DTGP

W& M S8 TG & DTG B %

TG and DTG curves of commercially available samples

63



64

24 517l SAFETY & INSPECTION

I HUR IR, & 0 2 0 U AR Y R R B A
T 177~274 °C (R 5 5 ORI I 246 °C) ,274~337 ‘C(Hx
K H R JE 310 °C) A1 337~429 °C(fr K gk # ik R
FE367 °C)3 /W] 10 2k HE 5 B, 5 £ SEHUARU R A7 7
25 5, W RR R PR S BT A A B R T S I RORE, f
LR A B, AN B T O B L FE 2 RR T
TEH o IS 2 45 AR R i, A RT3 5 2R BB 475 7 72
G RS B AR IR R 176~564 °C, e K Ll R
BE4y A 217,307 °C, #2275 T e A7 TE B AR, R WA o i
22T LS X 8 BOABUR E A7 5 o 5 3 B R

3 &k

SR FH AR 3 T 15 AR o AU B T EAT TR IR %N . 2
SR B RE 5 5 B B S AE TG M DTG &k I 27
B 2 b O R A R R A 4 R R R T
WLTF A 22 5, 33l IR G 1k 22 53 AT L T X 40 RO
SR RAT S AR [ B B 0 ] 45 1 L 0 B0 A5 4035
B it 5 S ORURS B 35 B A M X Gy, R T IR AR
B 1 % 590 D 1 B Y R AR R A N TR B 2 O ok HL A A
P JCTR A A4 R AL BEA AR B T RO B R B R
BRI Tk R BT 6 A B IR AR IR B
Tk S B B S AL AT S 0] S T DL R i 42 B R 0 A
Sy MHRRIERT T, 1 25 & Fo AR T B o8 S 0045 (R 25 A
DA 0 77 32 04 i Af 1

5 % 3 ik

[1] B a2 4 M. W8 A R4 21 10 K 55 48 R & i 44 S [EB/
OL]. (2013-10-24) [2025-02-21]. http://foodsafeguard. com/
news/.

Food Safety Net. The European Union report lists the top 10
foods that are easily adulterated[EB/OL]. (2013-10-24) [2025-
02-21]. http://foodsafeguard.com/news/.

[2]PENG Z M, CHEN X, ZHANG J, et al. Identification of
adulteration in Jiang-flavor Chinese spirits with edible alcohol
based on UPLC-Q-TOF/MS combined with metabolomics[J].
Food Analytical Methods, 2024, 17(11): 1 511-1 522.

BIXN=, T, 2k, 55 . BRI IR AR &5 & =it i or ik i
T A5 B [9]. 43 BT KA iz, 2016, 35(10): 1 248-
1254.

LIU Y, DING T, WU B, et al. Identification of honey
adulteration by nuclear magnetic resonance technology and
chemometrics method[J].
2016, 35(10): 1 248-1 254.
[4] FIGUEIREDO A L, FERNANDES C S, FERNANDES I L, et

Journal of Instrumental Analysis,

al. Determination of adulteration in evening primrose oil
capsules by '"H NMR analysis and chemometric techniques[J].
Food Analytical Methods, 2024, 17(12): 1 746-1 753.

[5) L2, it 2, R RV, 45 . 506 ol B2 R AR S i [ 07 2% 1L R

B 2928 | 20265 2 A | RGBS

P S5 ) S A%
31(22): 332-335.
WANG S Q,WU S K,MU T N, et al. Detection of adulterated

FUE Y B IR R TE R D). A R, 2010,

maize starch in potato starch by scanning electron microscope
and stable carbon isotope ratio analysis[J]. Food Science, 2010,
31(22): 332-335.

[6] 22k, O 05, BN, 5 . i 7 SR G G AL it s i
HCSE B BRI [I]. £ 5 S HLRR, 2023, 39(6): 31-36, 179.
GUAN ZY Z, FANG F, WANG Y Y, et al. Rapid identification
of adulterated camellia seed oil by e-nose combined with
chemometrics[J]. Food & Machinery, 2023, 39(6): 31-36, 179.

[71CAO Y H, SONG X M. Meat authenticity made easy: DNA
extraction-free rapid onsite detection of duck and pork
ingredients in beef and lamb using dual-recombinase-aided
amplification and multiplex lateral flow strips[J]. Journal of
Agricultural and Food Chemistry, 2023, 71(40): 14 782-14 794.

[8] B, 77, RYLH, 45 . L T £ & PCR & M % 51 fE R 451
1. & 55 kT, 2022, 48(24): 281-287.

SHAO BY, XU N, CHIK Y, et al. Qualitative identification of
adulterated venison based on multiplex PCR[J]. Food and
Fermentation Industries, 2022, 48(24): 281-287.

[91 RAZZAGHI M, RAFATI A, GILL P. Colorimetric identification
of pork myoglobin in meat samples using aptamer-conjugated
magnetic nanoparticles[J]. Journal of Food Measurement and
Characterization, 2025, 19(1): 671-681.

[10] 7= G . B A 42 RO 21 40 5 P € i J7 ¥ O o3 22 5= 43 1T [D].

PR ALK, 2024: 28-42.

MU X Q. Near-infrared qualitative and quantitative of
adulterated donkey meat and analysis of chemical composition
[D]. Baoding: Hebei University, 2024: 28-42.

[11] ARTE, SRR, KRB, 45 T 20 AN 615 B A L P8 R S A ) o
f 7 AR I 1t SR 0] £ i S5 P, 2024, 40(9): 200-208, 218.
YU X L, ZHANG J H, LIU T A, et al. Research progress of
near infrared spectroscopy in condiments detection[J]. Food &
Machinery, 2024, 40(9): 200-208, 218.

[12] 2207, R, BT 2 [, 55 . Jk T =498 6615 45 4 2D-
LDA 1 T 48 B 4 0 BF 5 (1], D63 2% 5061k 43 17, 2024,
44(11): 3 179-3 185.
JIANG H Y, CUL Y Y, JIA Y G, et al. Identification of
adulterated edible oils based on 3D fluorescence spectroscopy
combined with 2D-LDA[J]. Spectroscopy
Analysis, 2024, 44(11): 3 179-3 185.

[13]HU Y, XU L J, HUANG P, et al. Non-destructive detection of

and Spectral

Tieguanyin adulteration based on fluorescence hyperspectral
technique[J]. Food
Characterization, 2023, 17(3): 2 614-2 622.

[14] o, 32K, 20, & 580 5 B 61 R A B PR 5 R
R BE B RGN (], £ 5 LA, 2025, 41(6): 51-56.
MA Y B, PENG Y, XU Y P, et al. Detection of beef mince

Journal  of Measurement  and

adulteration based on sparse hyperspectral feature selection



F&M | Vol.42, No.2

algorithm[J]. Food & Machinery, 2025, 41(6): 51-56.

[15) B2h, SEWEEE, WRith, 55 .8 o 08O 6 1% — i 20 PR 5T 1 4 27

RS B R[] £ 2 A A A I 24 4T, 2023, 14(24):
169-176.

LI X, WU W Q, CHEN R, et al. Identification of coffee
adulteration by ultra performance liquid chromatography-high
resolution mass spectrometry combined with omics technology

[J]. Journal of Food Safety & Quality, 2023, 14(24): 169-176.

[16] YANG P L, BI Q R, L1, et al. Identification of five gelatins

based on marker peptides from type I collagen by mass
spectrum in multiple reaction monitoring mode[J]. Journal of

Agricultural and Food Chemistry, 2023, 71(14): 5 851-5 860.

[17) 27, WA YT, LI TE, 5 . AS 2R 2 1 4y

VA8 23 Bt K FEAE 2 26 77 it 5 3] e iy BE HTBIE 5 (0], & it BHEE
2024, 49(5): 225-233.

LI Q, XU W Y, PENG L S, et al. Analysis of proportion of
saponins in extracts of ginseng and American ginseng and its
application on identification of ginseng products[J]. Food

Science and Technology, 2024, 49(5): 225-233.

[18] ARt mr, Rt , 5 56 I, 45 . K F TGA-GC/MS 45 & fh 2=t

R R P i R T 0], B S R T, 2023,
49(15): 257-261.

LIN C H, WU S Y, LAN Y B, et al. Application of TGA-GC/
MS combined with chemometrics in the identification of
vinegar brands[J]. Food and Fermentation Industries, 2023, 49
(15): 257-261.

[19JAQEEL M, SOHAIB A, IQBAL M, et al. Milk adulteration

identification using hyperspectral imaging and machine
learning[J]. Journal of Dairy Science, 2025, 108(2): 1 301-
1314.

[20] =i, MRS, A nrak, 45 22 BUARGE G3 BT ik S BT AG | T

% AN HF 45 AE [J]. 57 57 W 2K BE 2 e 2 i, 2019, 40(14): 1 775-
1777.

LIJT, SUNYY, LU L D, et al. Differential thermal analysis
method/thermogravimetry in identification of different species
of Chrysanthemum morifolium, Florists Chrysanthemum and
of Qiqgihar Medical

Dendranthemaindicum[J].  Journal

University, 2019, 40(14): 1 775-1 777.

[21] RHF . B IR A S B IR O A IR M S (0], & A F S

531 %, 2015, 36(9): 13-16.
ZHU ] P. Study on thermal analysis for the distinguish of black

RERF S 5 AT R AR S5 B BRI 45 (B

buckwheat tea and raw buckwheat[J]. Food Research and

Development, 2015, 36(9): 13-16.

[22] X L0, 8 ST, 2 F g R0 b7 76 8 1 7 R 7 0 7 ob B

I B SRS, 2009, 30(17): 349-354.
LIU H X, CAO Y B, LI Y X. Application of thermal analysis
technology in analysis of edible flavors[J]. Food Science,

2009, 30(17): 349-354.

[23] EA0E, milk, 22 T506, S5 B {BORRY oA 55 UE B RTS8 TE M

14 2 59— 22 R F B SO D). 2 Tk RBHE, 2015, 36(13):
325-333.

WANG S Q, GAO X, LAN Q F, et al. Detection of cassava and
sweet potato starch in adulterated lotus root starch by
differential scanning calorimetry[J]. Science and Technology

of Food Industry, 2015, 36(13): 325-333.

[24] PR H , 275 . 2 7 I UROBS 1 AR B R R E 1 0 7 K B 1

AN [I]. v E R, 2017, 42(7): 90-93.
LIN L J, PENG Q. Analysis of thermal stability and
adulteration identification of spicy seasoning powder[J]. China

Condiment, 2017, 42(7): 90-93.

[25] ot e AN ] 7™ 2% I 9 220 AT 5 00 (0], T80 b ROl Bl o7,

2004, 43(5): 77-78.

NIE G H. Distinction for different places of origin tea by
thermosanalysis[J]. Hubei Agricultural Sciences, 2004, 43(5):
77-78.

[26] S 4, d R, E R, % 3R T HE—ROOLIE SR I R

PRI Mg R A v A A LR T S (D). R 2 e A (R B
), 2025, 53(7): 1 112-1 122.

HAN J T, MENG X X, WANG G Q, et al. Study on the
evolution of hydrogen cyanide generated by polyacrylonitrile
pyrolysis based on TG-LAS[J]. Journal of Fuel Chemistry and
Technology, 2025, 53(7): 1 112-1 122.

[27] B &, AR08 L, 22 3 . AR Xk TG 00 O R 5 A A R i) 17 A

KA ST [I]. HLsh R 48 T F2, 2012, 28(3): 5-7.
MAO X F, LT H S, AN C. Thermo-gravimetric study on the
effect of blind coal granularity on combustion characteristic[J].

Power System Engineering, 2012, 28(3): 5-7.

(28] XU 2%, o 0T, i B . A8 o0 W 0 R A SRR 45 118 26 530 v 1)

R FHWFGEI]. B, 2022, 28(18): 193-196, 206.
LIU X, MENG Z Y, QU R B. Application of thermal analysis
technology in identification of adulterated chilli powder[J].

Modern Food, 2022, 28(18): 193-196, 206.

65



