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Traceability Discussion on China VI Standard Automobile Exhaust
Emission Detection
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[ Abstract] As the number of vehicles in China continues to increase, pollution from automobile exhaust has become
increasingly severe. To control environmental pollution, China promulgated the "Air Pollution Prevention and Control Law
of the People's Republic of China" as early as 1987. In 2013, the European Union released the Euro VI standard (EURO VI
A-VI D). China, drawing on the Euro VI standard and considering its national conditions, issued GB 18352.6-2016 "Limits
and Measurement Methods for Emissions from Light-Duty Vehicles (China 6)" (hereinafter referred to as the China VI
standard) in 2016, which was implemented in phases starting from January 2020. This standard has set new requirements for
the regulation and quality control traceability of automobile exhaust emissions. This article compares the differences in
emission quality control requirements between the China V and China VI standards, and introduces the measurement
methods for updated emission-limited pollutants in the China VI standard, including carbon monoxide (CO), nitrogen oxides
(NOx), non-methane hydrocarbons (NMHC), nitrous oxide (N,O), particle number (PN), and particulate matter (PM). It also
describes China's exhaust emission detection and traceability technology from the aspects of developing national gas

reference materials, establishing measurement standards, and founding national automobile testing centers. The analysis
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shows that existing capabilities and technical levels cannot meet some emission detection requirements in the China VI

standard. The article proposes areas in current traceability technology that need further optimization, such as the

condensation particle counter in particle number (PN) measurement instruments. It points out that research and improvement

should be accelerated on metrological indicators like particle concentration attenuation coefficient, volatile particle removal

efficiency, and dilution ratio. Regarding the requirements for determining methyl chloroformate and benzo[a]pyrene

pollutants specified in the Euro VI standard, China currently lacks corresponding reference materials and traceability

systems. It is necessary to develop compliant reference materials and establish traceability standards to prepare for

increasingly updated quality control requirements both domestically and internationally. The article also offers suggestions

in response to the proposed European seventh stage emission standard (Euro 7).

[ Key words] metrology, automobile exhaust, China VI standard, regulation, traceability, quality control, measurement

methods
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Fig.2 Schematic diagram of NOx measurement system
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Tab.2 International comparison results for NO gas (unit: pmol/mol)

Submitted or interpolated value

Reference value Degree of equivalence

NMI
Xi u(x;) XR.i u(xg ;) D; u(D;)
BFKH 70.050 0.240 70.620 0.123 —0.570 0.539
CERI 68.760 0.110 68.771 0.144 -0.011 0.362
GUM 71.100 0.550 69.758 0.089 1.315 1.114
KRISS 70.085 0.161 69.864 0.069 0.221 0.350
LNE 69.990 0.080 70.020 0.070 -0.030 0.213
NIM 69.900 0.175 69.905 0.064 —0.005 0.372
NMIA 69.980 0.155 69.953 0.052 0.027 0.327
NMISA 70.090 0.105 69.930 0.066 0.160 0.249
NPL 69.863* 0.087 70.007 0.062 —0.144 0.214
VSL 70.050 0.105 70.094 0.087 —0.044 0.272
NNIST 70.401%* 0.176 70.354 0.076 0.047 0.383
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Tab.3 International comparison results for NO,
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NMI Cylinder D;; (umol/mol)  u(D;;) (nmol/mol)
CERI CPB25961 0.091 0.214
CERI CP18969 0.058 0.221
GUM No D298386 1 0.169 0.404
GUM No D298387 1 0.141 0.503
INRIM  P27787/D247449 0.631 0.185
INRIM D247448 0.643 0.151
KRISS D596920 0.689 0.309
KRISS D596882 0.780 0.309
LNE 1191 0.202 0.333
LNE 11183 0.199 0.284
METAS 10918 —-0.120 0.346
METAS 10919 —0.145 0.357
NIM 162804125 0.023 0.133
NIM 162804135 0.050 0.116
NMIA MKO0806 0.396 0.233
NMIA MKO0807 0.541 0.372
NMISA D626618 0.422 0.151
NMISA D626554 0.402 0.147
NPL 2448 - -
NPL S357 - -
SMU MY9742 0.388 0.233
SMU MY9728 0.748 0.347
UME PSM499791 0.752 0.161
UME PSM499783 0.843 0.175
VNIIM 614632 0.500 0.248
VNIIM 5603778 0.255 0.262
VSL VSL105804 0.125 0.199
VSL VSL105806 0.103 0.208

Tab.4 Participated gas international comparison projects

#4 BE5SEEREWHRE

No. Title Analyte Time
1 CCQM-kla COinN, 1994
2 CCQM-kl1b CO,inN, 1994
3 CCQM-klc NOinN, 1995
4 CCQM-kl1d SO, in N, 1996
5 CCQM-kle Natural gas [ 1997
6 CCQOM-kl1f Natural gas I 1997
7 CCQM-klg Natural gas IIT 1997
8 CCQM-k3 CO. CO,. C;Hgin N, 1998
9 CCQM-k4 C,HsOH in Air 1999
10 CCQM-kl16a Natural gas IV 2001
11 CCQM-k16b Natural gas V 2001
12 CCQM-P71 C¢Hg in N, 2003
13 CCQM-P51 SFg. CF4 in N, 2004
14 CCQM-k23a Natural gas 2004
15 CCQM-k23c Natural gas 2004

k4
No. Title Analyte Time
16 CCQM-k23b Natural gas 2005
17 CCQM-k41 H,S in N, 2005
18 APMP.QM-k1.d SO, in N, 2006
19 APMP.QM-k4.1 C,H;OH in N, 2006
20 APMP.QM-kl.c NOinN, 2006
21 CCQM-k52 CO, in Air 2007
22 BIPM.QM-k1 O3 2007
23 CCQM-k51 COinN, 2008
24 CCQM-k68 N,O in Air 2008
25 CCQM-k71 Stack gas 2008
26 CCQM-k66 Purity of CHy 2009
27 CCQM-K74 NO,inN, 2009
28 CCQM-K77 Refinery gas 2010
29 CCQM-K76 SO, in N, 2010
30 APMP.QM-k41 H,S in N, 2010
31 APMP.QM-K53 0O,inN, 2011
32 CCQM-K93 C,HsOH in N, 2011
33 CCQM-K94 DMS in N, 2012
34 CCQM-K84 CO in Air 2012
35 CCQM-K101* Trace O, in N, 2013
36 CCQM-K82 CH, in Air 2013
37 CCQM-K113 Nobel gas 2014
38 BIPM.QM-K1 O3 2014
39 APMP.QM-K111 Propane in N, 2015
40 APMP.QM-K46 NH,; in N, 2015
41 CCQM-K116 H,0in N, 2016
42 CCQM-K90 CH,0in N, 2016
43 CCQM-K120 CO; in air 2016
44 CCQM-K137 NOinN, 2017
45 APMP.QM-S12 BTEX in N, 2017
46 APMP.QM-S13* N,0inN, 2017
47 CCQM K-74 NO,/N, 2017
48 CCQM-K117 NH;/N, 2018
49 CCQM-K118 Natural gas 2018
50 APMP.QM-S14 HAPs in N, 2018

oAt [ A7 3T it H i, i 25 8 NIST, 3% &
NPL. & PTB. H7< NIMJ. fif 2% VSL 2, ##F &
THRE RSN SAARARAEY T, FF 2T E bR
XiF o B SRR R SRR o ) 5 1 EL X, e T AR AR
(B AT S, Sk JR2 SRR A1 A T B A s o v
222 AFRAHBIFEAREGEL

TE VA R ST I R 1 4 R, 1 22 1 AR
TT T S 8 b v RIS, FF 242 A S A% M T A A
Fr AR

B ek ] 7S S it ) HIE T e AR B A A ARG
WA JIG 688-2017 75 4 HE A4 I 38 A 4G 7 KR




TFERESHEAR 2024 /£ 7 H A 68 B2 7

FE), & E A T H AR EE ST T M R YR A HE
TR G ) T s o A 4 L S T R IR
TR HERE J Y RE R L35 .

EFXT PN A3 AT FRR o ) R A2 Bk 25 A kT 1 15K
#5 (CPC) WAL HERS K, Hh Bl B2 58 e T 2017
A ST B A OB T BR[O T E bR o (2017
FE PR HIEFS 321 %), il E JIF 1562-2016
CUELE AL T B2 A HE LY ) . JIF 1864-2020¢ <,
Vs ISR AR Tl AR T R ) A RS ME RN, s T R
S e HP AR 25 AR 1) (L R 1, A L
AR AT & ST, BRSO TR L R
BRI S AU B A P A ) (A D9 LR

H A% 2 s 0 95 4 B A HE R
IR R AR NS ISR . S TSR A T
VR, $& =T BOF R RLRE, BISe eI 4 BB N 77
SR, AR A5 TR AE TR S B AR R B, L T A T
AR . T EARES e E R EE I
TR 2 B 7 A0 T 2 I TR 1 336 W A O
Ne R T mas bR R B, AT AR HER S
¥ TAERIE T JIF 1033-2023 (G FRfE Z A% L),
B GO T AR SEAT A% B, g0 AT O V] A
PG F, A T O e [ 58 B i 108 58— R 1 T
AT 5, b AT O TR S T B R AR
ARAIE
223 AFEKR PSR

SRR ] & A AR A ST VR R
RIS AL IR R o, T A R A 5 B R TE
TR 552 55 28 1) St {2 38, V4 R ARG DU 2 - %
PR ZE R AHEBO S Y A TR R T R AR
KA R HER A BE T, DL Ok AR T B (A 2%
PR AR TFBe, 3 B O gy 273840 o, A e
EEANKIERREAN IR EA L, 2 E AT
10 R, EEACFIRERIM FoL | KFE R
O TR oy | KER AR o R
TRIERI o | BRI R oty | TR A
HC . RCTR AR s, DL R I S AR
R FE, BF - REGIE A, AT H W
T 1 AR 7 4D S ARG 0 R S T A A G S 50
Fo ST EBET A SI E BERARE T AR
EHAR LR, MR HEE J AR AR

I A% RS S 56 =, G R 2 [ 7SV R
ACHEORE I 552 56 28 AR 1 & LA R AR O
B A R KB R GE v 2%, P A8 SR AR I AL 3 R

6] o

G AR ARG RERRI RS B R E
AR LA b B R G5 Hoh i ERE A A 2
FEACK FH 2 E 1545, 40 H Z< HORIBA, f#[E AVL
S E PR AR U2 X S SR U O R AR A S
S A, 4SR5 A N0 A AT RE AR 2 Y
Hi )R T B A = ML S A S T U
TG JE T RS PR SRy T B A, PRIE T AR R A
AN A P HERR AT 5E . BT XS AR HE OIS B, A5 A
T, B 1~2 RS AT — IR AG IR XS o S AT X,
A% 5 545 K6 I 92 06 2 ) g e (R A0 — BSORRL B, A5 8%
SIS bR v Y T SE L L K A% K G VR P RE
EURFFFERLE T Y o

3 ZRSRE

XA R AHEBOE S R, T E R R AT
78 Bt CL ST AR ST AR U, B T 2 R SRR E D)
i, HTF R T RN T AR, by R S 4SO v it
AL T RIEFH AR ST o (BAA B ARTE bR TC
Tk /2 S HER bR AE R 43I0 5 2R, FERITE:

1)2023 45 ZHif, THa bRy oRLY) & A5 5
PRESRANICRD o 7S AR g2 R Al e R SR A
SRR G, AL A shAILHE R 0 FURE 0 i, DA
T 2 28 48 1) R TH RO R | ek SR PR e E AT
N

2) T bR A AR I TR R AR B —  TEy A
FSPREZLR . A TR AR w2 & AR R AT
FEHE 50 ~ 150 nm {1 A% M SR A O I RE i, ELRE
s SR 1) 22 H iy LU A5 83K 3% ~ 5%, TTTHE I 7S A
HETHLAE , T AE 20 ~ 200 nm 38 Bl N 77 4 22 R B
T B — LA (14 e BRSO B ot LA T AR AN [
12 B N I ORETHBUROR, nARFRRLAE 73 512 23 nm,
30 nm. 50 nm. 70 nm. 100 nm. 200 nm FIFE T -

3) PN M (SR 3R 52 2= i 1 R 48, b ks
VB SR R B R RN ) L R AR TR LL AR
FARMEREX S e A I B 25 51 % T Bk
JEUIAL, AR 7S bR o 24 B A 4R X R 8 bR G A v

T F 3R B R, o [ T R S B T R TR
IR A RS . 227 AT RS 43 5 4 45 BOR s vt
G, W7 T B8 sh R HERCBURL P05 A0
R TEBE A g A HE Tk . T, JEAS AT R X
PN S Hr A E B S EON R HE . R SR R
P8 EL 1 o 8 ) BEOR, T 2024 S fBT KA T IR



62 e

2066-2023 (I AR B A AL LA )

TER 6 HETCbR 1 P B bk B < BB (PM)
A EILR UL L BRAEALE SN, B HE T HAt AT
FICRWE LR, i—A = HREE . %01 [a] BE55, 10
[ PRI, RS X PR R FRAEEOR . F R
I b B — S I IRIR . A [a] BT W U AE
I3, T ARG TEAR SRR AE R L, 45 AR ol Ak
PN A, LIS FE BRI P H £ SO A B K

2022 4 R 25 A W 2 L o BeHE bR HE (BR 7)
AR ZE, 15 e (HIE PR E (RS S ™ 8T, & AR i
T RSN R HE R, LSRR it UKL Y
HE R AE(E. BR T H AT H 007 R o, ixde ik
Fe Z PR R A I BG4 %
FEGER TR A IR A — A —
AT TR . B E E AR B 2 —E A AR
FIR R HE 205K, LR oA ) Y TR T BIR (R 25K
PR, 4 3 ] ) b v i v, B s e Y
RERRME ZEOREAT M4 . P TR AL TE e C TR
— A R AR AR E I, (B S B9 HERCR
PRI ASORS: R e B R e — AL — R ALY, R )
] 2 R ST AR ST AR I, T R A DA ARSI S
MFE, 835 — A R EE . RIS, R AR
A XS D 7 o B 9 2, BRI R PRbs v KR, S Al
A Jr A S HE I R AEL AR SRR MR A 57, 5838 IR HE
TR SMIRARZR o A R R e e 4 S L o
TIAR HE (9 B AR S A, $HE2h 3 [ Y PR B Al B2 5 114
o T R

5%k
[1]  #AEE. SRERAHIFAL [J]. BFEE, 2020(6): 128.
[2]  ANZEEB. 2023 4F AR FEHLBI AL 4.26 240 2550 ik 5.13

AN BB AT iR 1620 T34 [EB/OL]. https:/www.mps.
gov.cn/n2254314/n6409334/c9106375/content.html.

B] W& RERSHOG Y S f A B EIRTT [J]. BHOREE,
2023(19): 16-18.

[4]  XUUTER SR bk A, b2 R Okile iR A SR P B AR
AR Z [J]. TR, 2014(1): 25-27.

[S]  FEFERRERAHEBOR I AR 57 B I 40T [J]. BHA
%,2023(11): 7-9.

[6] HhpEsk. MRAERHEEEE TR ERSMWIAT [J]. KA HE
SEMERHE, 2023, 4(9): 183-185.

[7]  EMGE, SERUE. BRANRE E A5 ERB B 1 AL H R
XS LA [J]. A il he R, 2020(3): 50-53.

[8]  AASHEEHS. Ak 18 M LB Sh LIRS S HE BCH il B AR 2k
(KA ): HI 1014-2020[S]. AL5T: Hr AR H AR AT, 2020.

91 g k. HIRERSHBOR I (3], of B AR
2012(3): 209.

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]

(21]

[22]

(23]

[24]

[25]

[26]

[27]

(28]

[29]

[30]

[31]

[32]

[33]

[34]

[33]

Metrology Science and Technology, Jul. 2024, Vol. 68, No. 7

ARLLTE, XVET- IR A RS HE R I B R BE [7]. VR4 S
AR, 2020, 45(22): 211-213.

ZEE R IR RS HE ORI AR FNE B AT [7]. & A
%, 2022(8): 83-85.

XU, i 2. — S ARBRIE B LAME M REFE PRt Jr Ik AR
P[], BB SRR 2T, 2019, 39(2): 74-76.

AP, AR ERIMTIAGIRES - PN SC3 - F0°T- [EB/OLY].
https://zhuanlan.zhihu.com/p/270147333.

T R TR R S HEROE Y X B R (3], 1LPE 4R T, 2020,
40(3): 204-205,208.

IRER. A2 E RO CE A E A ST SO ARWFST [D]. ) M:
BRI ITITE KA, 2005.

TSR A2 R G A A AR 43 T U (B 352 25 00 B AT A
PERE [J]. THE SR, 2016, 43(7): 88-89.

ikoE, L, e, 4. TR OB Al < R
ppb 4% NOx ¥R EEII &L [J]. P32z, 2022, 71(13): 368-376.
¥k, 22, 2510 EAL T R AR B A i A 5 3k e
[7]. W44k T, 2022, 51(21): 107-109,112.

RIS, ST, YT, S R AT R HE R S i 5T
SAHT 1. R F1 K H, 2023, 52(9): 21-28.

FLLIK. SHH €8 1% F 4l R AR 43 B A 4 4 1 B R 28 v
TCA (BFFE#EE [7]. B AL, 2017(2): 29-30.

ks, MRAR. SRS (T SR e %6 B I EEST. [J]. fbsF bt
T, 2022, 31(4): 83-87.

SR b R SR T be ik AL A W I =S 3 A R AR 2B 5T
[D]. b3 HrEEEBER A, 2016.

k. AR Lei S AL G YRR R W EE T 5 A (D).
deat: dbnikaE, 2010.

TAE, 2R, 2508, A5 U R HE IR FR e
A YT PRRERE ST [7]. SRR R 22 4R, 2021, 41(11): 4406-
4414.

RN bt SR XS R ek S LA (NMHC)
TR R VR SN TG MERI ST [D]. b5 o E A2 B RS ERAF 5T
Jit, 2009.

A TN T R AR R AR R BBk E AL G W RRAE Bk
U487 [D]. ) H: TRk, 2010.

YIHEECRHE [7]. T ESEERE, 2019, 39(2): 542-553.

1IN, S0, TI55, . Ik EEE 2 A YT
RIBLIR SRR [9). RERIAIFE, 2020, 33(9): 2048-2060.
FEAR. T GC-MS/FID KB as S5 &M P2 22 i
FGLM HH 5 N ST [D]. P2 bR, 2021,

BLZEsR. BT STM32 A A LRl 28 toE 513 T [D].
H i INARBHE R, 2018.

SR SUAE RIS R BT [D]. R R
WL FRHE A, 2015.

AR, AR, WAL, A, LT SUUOEE ARSI i R
M R HEBOZ SR [3]. 46 TR, 2017, 37(6): 707-712.
A, R R ATE YR vk () g FHF AT (9] B S A,
2019(21): 56-57.

5 B W B G I A BR . B AR T B A A LI
JIF 1562-2016[S]. At 5¢: fhEFRMEH IRF:, 2016.

FRIEARAHE. FRIEZS S PM o I PM, 5 BT E HE 9% HT 618-
2011[S]. dbat: rh EbRAE T RRAL, 2011

(TEZE 16 T


https://doi.org/10.3969/j.issn.1672-9668.2023.19.005
https://doi.org/10.3969/j.issn.1672-9668.2023.11.002
https://doi.org/10.3969/j.issn.1672-9668.2023.11.002
https://doi.org/10.3969/j.issn.1672-545X.2020.03.012
https://doi.org/10.3969/j.issn.1673-9957.2012.03.202
https://doi.org/10.3969/j.issn.1674-1021.2019.02.019
https://doi.org/10.3969/j.issn.1008-021X.2022.21.032
https://doi.org/10.3969/j.issn.1008-6145.2022.04.017
https://doi.org/10.3969/j.issn.1008-6145.2022.04.017
https://doi.org/10.3969/j.issn.1000-6923.2019.02.012
https://doi.org/10.3969/j.issn.1006-1878.2017.06.020
https://doi.org/10.3969/j.issn.1673-0038.2019.21.042

16

[15]

[16]

[17]

(18]

[19]

[20]

(21]

[22]

CHENG J H, SUN J, YAO K S, et al. A variable selection
method based on mutual information and variance inflation
factor[J]. Part A, Molecular and
biomolecular spectroscopy, 2022, 268: 12065.

BREAT, TF, XUREE, S5 LU A ORI A3 53 B
BRI [7]. AL2E2E4R, 2012, 70(20): 2109-2114.

COZZOLINO D, MORON A. The potential of near-infrared

reflectance spectroscopy to analyse soil chemical and physical

Spectrochimica acta.

characteristics[J]. The Journal of Agricultural Science, 2003,
140(1): 65-71.

CHODAK M, NIKLINska M, BEESE F O. Near-infrared
spectroscopy for analysis of chemical and microbiological
properties of forest soil organic horizons in a heavy-metal-
polluted area[J]. Biology and Fertility of Soils, 2007, 44: 171-
180.

HAO Y, LU Y, LI X Y. Study on robust model construction
method of multi-batch fruit online sorting by near-infrared
spectroscopy[J]. Spectrochimica acta. Part A, Molecular and
Biomolecular Spectroscopy, 2022, 280: 121478.

YI L, LI X L, LI W J, et al. Detection of chlorpyrifos and
carbendazim residues in the cabbage using visible/near-infrared
spectroscopy combined with chemometrics[J]. Spectrochimica
acta. Part A, Molecular and Biomolecular Spectroscopy, 2021,
257: 119759.

VISNUPRIYAN R, FLANAGAN B M, HARPER K J, et al.
Near infrared spectroscopy combined with chemometrics as tool
to monitor starch hydrolysis[J]. Carbohydrate polymers, 2024,
324: 121469.

VEETTIL T C P, WOOD B R. A Combined Near-Infrared and
Mid-Infrared Spectroscopic Approach for the Detection and
Quantification of Glycine in Human Serum[J]. Sensors (Basel,
Switzerland), 2022, 22(12): 4528.

(EEE 627D

[36]

[37]

ARSI, FREE 2 SR (PMy R PM, 5)B 52k E 3l
W 7 AR 45 B HI 1100-2020[S]. b 5T Hf AR v ik,
2020.

IR 8. ARG TS Y B By i (PSS
[rB%): GB 18352.5-2013[S]. JLET: HrE AR H AT, 2013.

(23]

[24]

[25]

[26]

[27]

(28]

[29]

[30]

[38]

[39]

Metrology Science and Technology, Jul. 2024, Vol. 68, No. 7

JIANG Z Q, DU Y P, CHENG F, et al. A simple multiple linear
regression model in near infrared spectroscopy for soluble solids
content of pomegranate arils based on stability competitive
adaptive re-weighted sampling[J]. Journal of Near Infrared
Spectroscopy, 2021, 29: 140-147.

YUN Y H, LI H D, DENG B C, et al. An overview of variable
selection methods in multivariate analysis of near-infrared
spectra[J]. Trends in Analytical Chemistry, 2019, 103: 102-115.
HOSSEINI E, GHASEMI ] B, DARAEI B, et al. Near-infrared
spectroscopy and machine learning-based classification and
calibration methods in detection and measurement of anionic
surfactant in milk[J]. Journal of Food Composition and Analysis,
2021, 104: 104170.

R, Bk, MR, G5 R T SEDLRE RIS BN A SOk R
N [0]. T RERRE SHER, 2022, 66(5): 19-24.
NICOLAI B M, BEULLENS K, BOBELYN E, et al
Nondestructive measurement of fruit and vegetable quality by
means of NIR spectroscopy: A review[J]. Postharvest Biology
and Technology, 2007, 46(2): 99-118.

KENNARD R W, STONE L A. Computer aided design of
experiments[J]. Technometrics, 1969, 11: 137-148.

LU ZH, LU R T, YU C, et al. Nondestructive testing of pear
based on fourier near-infrared spectroscopy[J]. Foods, 2022,
11(8): 1076.

CHAN J Y L, LEOW S M H, BEA K T, ef al. Mitigating the
multicollinearity problem and its machine learning approach: A

Review[J]. Mathematics, 2022, 10(8): 1283.

AR A

IEG ORI, RIS e R R B R I 5 v (hEISES
FrBt): GB 18352.6-2016[S]. b3t 1 EARHEH Mitt:, 2016.

[ T 3 M B A RS . SR ORI TS AR RIS : JIF 1864-
2020[S]. dtat: v E bR i, 2020.

AR G - A


https://doi.org/10.1017/S0021859602002836
https://doi.org/10.1007/s00374-007-0192-z
https://doi.org/10.1016/j.saa.2022.121478
https://doi.org/10.1016/j.saa.2022.121478
https://doi.org/10.1016/j.saa.2021.119759
https://doi.org/10.1016/j.saa.2021.119759
https://doi.org/10.1016/j.carbpol.2023.121469
https://doi.org/10.3390/s22124528
https://doi.org/10.3390/s22124528
https://doi.org/10.1177/0967033520982366
https://doi.org/10.1177/0967033520982366
https://doi.org/10.1016/j.jfca.2021.104170
https://doi.org/10.1016/j.postharvbio.2007.06.024
https://doi.org/10.1016/j.postharvbio.2007.06.024
https://doi.org/10.1080/00401706.1969.10490666
https://doi.org/10.3390/foods11081076
https://doi.org/10.3390/math10081283

