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Abstract: In this study, the effect of exogenous additives on the release of protein-bound heterocyclic aromatic amines
(HAAs) during the digestion process was investigated. Roast beef patties and those with added apple or grape puree were
digested in vitro. The free HAAs and protein-bound HAAs in the digest were extracted by ethyl acetate and hydrochloric
acid hydrolysis, respectively, purified by solid-phase extraction (SPE), and analyzed by ultra-high performance liquid
chromatography-mass spectrometry (UPLC-MS). The results showed that the addition of apples or grapes did not cause
significant changes in total HAAs content, but promoted the conversion of protein-bound HAAs to free HAAS to varying
degrees, and the degree of conversion tended to increase with increasing addition of fruit puree.
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Table2  Protein-bound HAAs content in digested products of roast
beef patties affected by apple and grape
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Fig.1 Total HAAs in digested products of roast beef patties (A), and
correlation analysis between free and protein-bound HAAs (B)
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Fig.2  PCA score plot (A) and cluster heatmap (B) of digested products

of roast beef patties with different amounts of added apple or grape puree

3 8 #

#5 2E I UHH AL JE /A TES Bl 25 A HAASFI3 Flid 1 45
AARHAAs, KEMBASIERE O %A SHAASK R
i, I B AR E KRN BN A 45 A S HAASBUE
SR . DU TR 2 B3k T PR i 2] 3 2 it
AHAAsHIAE SANHE], 24T & E AL G AHAASTE
VAT AR 2 DR R K AR IE BRI 52, AR SR BN 5 Ak
TR INPIXT R 45 A ASHAASTE I 1) WM ARz, DU
KA B REHAAST &,

2% 30 -

[1] JAMES S F, MARK G K. Occurrence, identification, and
bacterial mutagenicity of heterocyclic amines in cooked food[J].
Mutation Research/Genetic Toxicology, 1991, 259(3): 205-217.
DOI:10.1016/0165-1218(91)90118-6.

[2] ZHU J J, CHANG P, MELISSA L B, et al. Detection of 2-amino-1-
methyl-6-phenylimidazo[4,5-b]pyridine-DNA adducts in normal breast
tissues and risk of breast cancer[J]. Cancer Epidemiology, Biomarkers
and Prevention, 2003, 12(9): 830-837.

[3] XIAO Shun, GUO Jingshu, BYEONG H Y, et al. Biomonitoring
DNA adducts of cooked meat carcinogens in human prostate by nano
liquid chromatography-high resolution tandem mass spectrometry:
identification of 2-amino-1-methyl-6-phenylimidazo[4,5-b]pyridine
DNA adduct[J]. Analytical Chemistry, 2016, 88(24): 12508-12515.
DOI:10.1021/acs.analchem.6b04157.

[4]  GWENDOLINE N, ERIN E B, DAN G, et al. DNA adduct formation
of 4-aminobiphenyl and heterocyclic aromatic amines in human
hepatocytes[J]. Chemical Research in Toxicology, 2011, 24(6): 913-925.
DOI:10.1021/tx200091y.

[5] LI Peng, WU Guoyao. Composition of amino acids and related
nitrogenous nutrients in feedstuffs for animal diets[J]. Amino Acids,
2020, 52(4): 523-542. DOI:10.1007/s00726-020-02833-4.

[6] CHIANG C F, LIAO P L, HSU K C, et al. Establishment of optimal

QuEChERS conditions of various food matrices for rapid measurement

[7]

[8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

of heterocyclic amines in various foods[J]. Food Chemistry, 2022,
380: 132184. DOI:10.1016/j.foodchem.2022.132184.

WS, ARV, T, S WO (- BUSITESS & TR i
ST S TR TR AR AR R LR T]. 20T B 2F, 2014, 42(1):
71-76. DOI:10.3724/SP.J.1096.2014.30628.

ZENG Maomao, WANG Junhui, ZHANG Mengru, et al. Inhibitory
effects of Sichuan pepper (Zanthoxylum bungeanum) and sanshoamide
extract on heterocyclic amine formation in grilled ground beef
patties[J]. Food Chemistry, 2018, 239: 111-118. DOI:10.1016/
j-foodchem.2017.06.097.

BRI, K, W, A AR AR S 2 236t g R A
Ze IR AR R SE R (D). FAIEAE 7T, 2020, 34(6): 45-51. DOI:10.7506/
rlyj1001-8123-20200427-106.

R, RER, R, 5. BIEROHHE - A G b 2 A R A )
fER). B E A& 2E], 2021, 21(5): 203-211. DOI:10.16429/5.1009-
7848.2021.05.024.

LI Yong, HE Jialiang, QUAN Wei, et al. Effects of polyphosphates
and sodium chloride on heterocyclic amines in roasted beef patties as
revealed by UPLC-MS/MS[J]. Food Chemistry, 2020, 326: 127016.
DOI:10.1016/j.foodchem.2020.127016.

LI Yong, QUAN Wei, WANG Junhui, et al. Effects of ten
vegetable oils on heterocyclic amine profiles in roasted beef
patties using UPLC-MS/MS combined with principal component
analysis[J]. Food Chemistry, 2021, 347: 128996. DOI:10.1016/
j-foodchem.2020.128996.

DAMLA G, MEVLUDE K. Comparison of the reducing effects of
blueberry and propolis extracts on heterocyclic aromatic amines
formation in pan fried beef[J]. Meat Science, 2022, 186: 108746.
DOI:10.1016/j.meatsci.2022.108746.

WANG Shoutao, ZHUO Wenling, DAN Yagqian, et al. Inhibitory
effects of Chinese quince fruit proanthocyanidins with different
polymerisation degrees on the formation of heterocyclic aromatic
amines in chemical model systems[J]. International Journal of Food
Science and Technology, 2022, 57(1): 330-341. DOI:10.1111/
ijfs.15409.

MAYOL I T, SOBRAL M M C, OLGA V, et al. Incorporation of
avocado peel extract to reduce cooking-induced hazards in beef and
soy burgers: a clean label ingredient[J]. Food Research International,
2021, 147: 110434. DOI:10.1016/j.foodres.2021.110434.

SERAP K C, BULENT K. Effects of chlorophyll a and b in
reducing genotoxicity of 2-amino-3,8-dimethylimidazo[4,5-f]
quinoxaline (MeIQx)[J]. Biology, 2022, 11(4): 602. DOI:10.3390/
biology11040602.

ANNA W, ANNA G W, JACEK P. Caffeine, pentoxifylline and
theophylline form stacking complexes with I1Q-type heterocyclic
aromatic amines[J]. Bioorganic Chemistry, 2011, 39(1): 10-17.
DOI:10.1016/j.bioorg.2010.11.001.

BEAR W L, TEEL R W. Effects of citrus flavonoids on the
mutagenicity of heterocyclic amines and on cytochrome P450 1A2
activity[J]. Anticancer Research, 2000, 20(5): 3609-3614.
ARKADIUSZ S. Chemical state of heterocyclic aromatic amines in
grilled beef: evaluation by in vitro digestion model and comparison
of alkaline hydrolysis and organic solvent for extraction[J]. Food
and Chemical Toxicology, 2013, 62: 653-660. DOI:10.1016/
j.fct.2013.09.036.



12

2022, Vol. 36, No. 9
JERRBFSE

BET P

MEAT RESEARCH

P EAXTRREFTHRPIRL
CHINA MEAT RESEARCH CENTER

[20]

[21]

[22]

[23]

[24]

STEPHANIE A H, AARON A, BRIAN M C. Complex dietary protein
improves growth through a complex mechanism of intestinal peptide
absorption and protein digestion[J]. Journal of Parenteral and Enteral
Nutrition, 2015, 39(1): 95-103. DOI:10.1177/0148607113501556.
CHEN lJing, HE Zhiyong, QIN Fang, et al. Formation of free and
protein-bound heterocyclic amines in roast beef patties assessed by
UPLC-MS/MSIJ]. Journal of Agricultural and Food Chemistry, 2017,
65(22): 4493-4499. DOI:10.1021/acs.jafc.7b01828.

MINEKUS M, ALMINGER M, ALVITO P, et al. A standardised
static in vitro digestion method suitable for food: an international
consensus[J]. Food and Function, 2014, 5(6): 1113-1124.
DOI:10.1039/¢3£060702;.

YAN Yan, ZHANG Shuang, TAO Guanjun, et al. Acetonitrile
extraction coupled with UHPLC-MS/MS for the accurate quantification
of 17 heterocyclic aromatic amines in meat products[J]. Journal
of Chromatography B, 2017, 1068/1069: 173-179. DOI:10.1016/
j.jchromb.2017.10.015.

XI Jun, CHEN Yang. Analysis of the relationship between heterocyclic

amines and the oxidation and thermal decomposition of protein using

[25]

[26]

(28]

the dry heated soy protein isolate system[J]. LWT-Food Science and
Technology, 2021, 148: 111738. DOI:10.1016/j.1wt.2021.111738.
XUE Chaoyi, CHEN Qiaochun, HE Zhiyong, et al. Release
mechanism between sarcoplasmic protein-bound and free heterocyclic
amines and the effects of dietary additives using an in vitro digestion
model[J]. Food Chemistry, 2022, 377: 131993. DOI:10.1016/
j.foodchem.2021.131993.

XUE Chaoyi, CHEN Qiaochun, HE Zhiyong, et al. Release profiles of
beef myofibril protein-bound heterocyclic amines and effects of dietary
components on in vitro digestion[J]. Food Research International,
2022, 155: 111006. DOI:10.1016/j.foodres.2022.111006.

CARINA L A, INGRID W L B, ISABELLE C D, et al. Biological
activity of proteins from pulps of tropical fruits[J]. Food Chemistry,
2004, 85(1): 107-110. DOI:10.1016/j.foodchem.2003.06.010.

GUO Angqi, XIONG Youling L.. Myoprotein-phytophenol interaction:
Implications for muscle food structure-forming properties[J].
Comprehensive Reviews in Food Science and Food Safety, 2021,
20(3): 2801-2824. DOI:10.1111/1541-4337.12733.





