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Research Progress on Determination Methods and Influential Factors of Protein-Aroma Compound Binding
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Abstract: Foods contain a variety of macromolecules such as proteins as well as trace flavor compounds and the binding
effect between aroma compounds and the protein matrix has an important impact on the release and perception of the
overall flavor of foods. In this paper, we systematically review the mechanism, determination methods, mathematical
models and influential factors of the binding effect between proteins and aroma compounds, and summarize the binding
interactions between proteins and aroma compounds including non-covalent bonding, covalent bonding and mass transfer
effect, and presents a systematic comparison of the application of multispectral techniques such as fluorescence, circular
dichroism and Fourier transform infrared spectroscopy to the investigation of the protein-aroma compound binding effect.
Moreover, we summarize several common theoretical models and emerging molecular docking and molecular dynamics
simulation methods available for research on the binding interactions between proteins and aroma compounds, and review
the influential factors of the release and retention of aroma compounds bound to the protein matrix from three perspectives:
protein, aroma compounds and food ingredients. Furthermore, we discuss the major problems existing in the current research
and put forward some suggestions for future research directions in order to provide a scientific basis and reference for the
controllable release of aroma compounds bound to proteins in foods.
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Fig.1 Binding mechanism between proteins and aroma compounds
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Fig.2  Schematic diagram of protein-aroma binding effect in the

determination of aroma compound concentrations in headspace™’
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Table1  Comparison of methods for determination of protein-aroma
compound binding based on protein conformational changes
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Table 2  Binding effect between proteins and flavor compounds in foods
EHEKE  EAR EED FEERA SETH
FURRATE Zhife. BOKHIE(ER 30]
fARER Kk i} (4]
i N Rl 4]
LEE BHE FKHE(ER [
" ils, O, T8 SRR IR M (4]
oEE BEA A, O, RS BOKHEER, Bl 4
I AAEME BAMESEA 26]
R R 58, HEEh [
A 2,5-:%?&“% , B BAHELER [46]
E0 (BYD-F, -3 BAMESR, 8% B
FRLE. 1% A Wk (184042]
XGEA SRR, JraE BUKHHE R [50-51]
o LR FARE Bk, M LER [
HTEA HER BUKHHE AR (47
(2921061 (E-ERRRIECE KRR, 48 ]
B  EXBREA EGCG HRHEIER, i 8]
WEn HER T, AR [52]
HREREA ™ WKHEAER, 4% [31)
AUMER  CHSETEE BEEME KN SRESEHLER 2]

AEATHAEREAMABERD, HPAEER
FEEHA-ARENR (L80%) Ma-FLHAEAAK. H
FR-AERE AMRBUN, AKIEMELF AR, K
Ub S AR S T A S G - A R 4 A 1
F . Tavel 255 F A8 5L 45 e 21 40 1 Fi 2 DA% il S 3R
LT, RIEZE. K. BRI EE SRS
B-FLERE A BE AT ALE A AEF — AL, el L A EARR
frmie. BEEHTESSWNRERE, ARHR5EFM
GMEEER RS, H— B & e A R 5
Jo Viry 25U 5E o A S (0 T A AL A I AR 1 R A A
5 CH#R4 G5 E&EMNEMNE AR, RILEEED
BN S R T 7K F RN T B 11 45 45 2 59 40 B
77 Yin ZhuchengZ5™ A Ak 85 (At K Y 5 K 4%
#-3-0-H%BE (cyanidin-3-O-glucoside, C3G) HI454
Re /i sm, HMEMA 5C3GISE & NEmE G
e e A B A KA HAEH .

MAEARE—MESGHRRMEDR, HAKREZMH
FERNKEAMG-NhEAFNEFHEEA. B
Cao JinxuanZPYH 98, 0~1 mmol/L H,0,f8 % S 3
G-N3h & A SRR AL A P 45 B I 30 6 55 B s ek /b
AT EHSAEWIRILG T 1~20 mmol/L H,0,RE i
YRR, X2 HTG-UshiE [ E MR L
T KA SR, S T RE AR E A
2459, Liv Huan2 )N LR (AT A 5 WLER R
F1-F 1 45 A 1 B 22 180 1) B TR AR FH e 8 e it I 2Rk &
YIRS, 5K 3 TR AS & 206 BOR T
Thr-125. Pro-128. Trp-131/1Val-187 2 JLER & [ 11K
Wil 2 )45 A R ORBEAT A BRUILZ AL, W InEe 24k &
MG, WRA4EERANMERE TS, a-1805E S 8AH
kb, Ty Trphk i F& R AROR 5 (0 b 1 3 B0, Ix 5
Yang QiuliZ& " IHF 5t 45 5 —F.

H5mEAARKE, KEEARAR “Hk”
BOCTRERR” PR T I RN . R, V2T
EHE TRSEORRMBERAS S E. R M,
BE2k (nl-cB M (ndi) 5T REEARS
ARNETRE ndk) , XWRERETREEAY
BE. BERAL G T A EAE RS, SR, ok
wAS, K HAMAEY) E A R IR A R TI R AT
BB E . Zhu LinZ5P3E T 2 556 1% f 4y 10T 7
T EREVE R (Kafirin) 5FARMTMPIZ & 6871, K
PR 7K A F A0S 4 45 ) 75 K afirin-FA K afirin-TMP & &4
MR A T EZAER, HEAYIE B {EKafirin )
SERITE N .

32 EERML

WHFER M, EATRMEN, Fehle a2 %75,

T SHMNG MRS ESMEME ST



184 2023, Vol.44, No.17 B3

= KRR

EERNE ., g E DT A T - R TR E A
(78) . KEIREH (11S) SEGCGHIZ&1FM .
ELT7SHE A, 11SHE AR HKMEMAH EAT RS
B, WHISEAXNEGCGIZ SR H R, a-FLH
EARFUS SRS H26% M a-12iE . 14%8-17 B A160%
TCFP 4500, RESE3M B M XSk (W B 28, AT PRI 2R
AR S &SRS GRE N Bk, 23, —H
TR L O R I fre B A 88 2 5 U B IR R T
MR, Wmsl KRS &SEDEEE RS,
O Neill' "\ ¥ 5 [ 5 FR 32 B8 F) 2 525 15 Ak A0 FH I 6%
FRENIE i B S 0] - FLER B FLHEAT LSBT, R T R
KEMEEARL S . TemthaweeZE DA F HEEE-HE T & 1 N
BEAY, WEIC T A I B BB 1 A 1 AR &5 A AT 1) 5
Me, R T TO0 T e i RS 2 1 PR AR 25 A SR R BEIR, ML
T AT DAY/ 75 B 5 2R 4 R 45 & 478 . Wang JuanZ©)
I T AR RO OK A B R AT A, K
AREIRER, EAMRSHEIT, BREGAKER, A
MW T EAREG P EUEWNESER; MERHA
WIERT, |ARSMWAEE R A DA R8s .
Zhao XiaocaoZsx LI £F 4k 5 [ #E 4788 75 AL PR, R B
PR T EASMREM LTS, FHEFEHTEL
(I BR K NS B 45 G A s, R LR 27 478 A 5 e 254k
AR EE AR AR AR R . 4R b, XEER
FR AT B R K X G AT W BRI A A, AT AR i L A
A KR [ R
33 HARMAWRKE. MEMER

FEAE YIRS H &5 5E AR WS A6 SR
SEEHEER KR, B HIIEA S, FEEE
SAhEWIRER R, HE5EARMNS G, 5k
EAM L BBIKEERIT, M= eGS0 . Bl
1, YO 90.1~1.0 mol/LIG [ NI, FE%E OB
FERER, 11SEREE AFMTSHERREE A 5/ S &ML A1
WEML, RN Y& A IRIKE R,
HE5EARSS AR, — Mo DLE S S i 8 (5
X ESNEIEE GO, R PR K X B
MAESEEA, EARMWRIFASREBLSS, &
R B & & SAA IR B R A, S5 60,
BEIERUD, T 7838 8 - SPME-GC/MS J7 VA &
TP HFSACEYIREE, iR A, s
B A AL A DL

WEMAMEMKEFSMMEYXN &AM
giafaBEMAEmN, XPHFIMEDN
PR EREHI N —HZ MBS EERNAREA REY
M. SARKRE, HAEZHH TINVAIEINAENEE
F 0 &5 ok E K N R IR O B 2R > R 2 > 2R >
BERPY, UE/ESAEMNEARYEN, HE5ERARN

24 RE It ME B R 8 i B 55 . Ma Yunjiao %)
KR TGRS 4 AEAMSEER, K
TR A Hh—CH, A7 B 937 52 A 2 i IUBRRE TR ¥ 25 5
Wi, 2 LR P R ) T T P € R 7 R A2 o - M I I
Tt i E R KA AR ) 3 A S e
3.4 Bk RIECRHE 7

B 2 MR R R, A7 AR H AR RS R
Ry, wmAR . FLAFL ERANUE R A, 1% BB R R
% 5D i 23 5 R R SR AR AL RAE R, AT
XEA-FAMEMEEGER R —EREmE. — &
KU, TN R M KUK ) 5 6 OR BE R A T R 0T
Guichard 538, IR & = 103N 2 BRAR R KM B &
WA RN, TR SR AKIEAY) (U B ST ) &)
RPN RE R . SR, AEFLRIE, B A AR -k
T I AEAE 2206 B 7K VB S4B 10 (R R TSR R = A I
MR, Rogacheva i 78 F S Ak & W AE - K44
REP-FLEREANS G A, WK EE AT
FAER] DL i 05 A I B T, TTIRGE & <)
Jo R TR SAH T A 2, DUCRAIEE £ A A2 b KUK B
Yetk. dhdh, Wang Kun U 58 8 10 Al S RIIR B 5T 642
Wi 5 ALY (salt-extracted pea protein isolates,
PPls) S5EAMEY (2-CFR. 2-PFRA2-E/R) 454
IR . AHEL T — 4 2k (CaCl,) , B E iR EKINaCl
(0.25~1.00 mol/L) R & 2 et 8 F it 5 AR ) 45 5
AR E (0.05~0.10 mol/L) T 4> Bk XU I B
FEAFE AT, PPIsAN2- 22 (1 25 & e J135 K T-2- Pefi Al
2-C . Xu Jiao25" N ZHEA R KE A B EASER
WEm s GERHBATHE, KIWCRM BN, T
SMIERG B EAERPEAHERN. HERIEEE
WHMREEE R, IFEBERSH)BEA S5 SR
P Z i IR B M BT BRI 2 B A R .

4 & WA

HARS &S WIS IE R 2 B sUR %
FT it 0 XU SRR, B T S M VY B 0 O AP RS
UEAh, Bt Tl A 8 5 - A A SO 2 3 XU A5
REE KA, TGRS R, Rk, TSR
5 &G WIS AR RIS K R R, R
it B 8 RUBR AT K ot (R 5 R B 3L T FT R

BE A AR S BRI A W R R, BT BLS 7
R, R A S &S WS a1 AR
WIBHIRAN . SR H AEAFAE —Le 3, 75 248 H AT
RIS Bt bt B, HATEARER S &K
I3 B4 VR FIRIT T — R A2 A B — (RO 2 T SE
EATZ IR 45 & R 5 1 P AL 55 A 7 2K AN B f



XA ERA

E6oill =

2023, Vol.44, No.17 185

HAAEAES — fE I BLH . BRIk, 7R FE B — JE BT A
fifi b, B DRI ARRGRAMZ AL ERER S E
EYM AR RR R R REH 2 — HiK, R
TERA BN TIRN R . ARSI E AL
756 AF T LG I i BOORHSE X 8 E S A UL B ) 4
A R S5y T B AT AT B sk, i R AR
R R R P BRI = . AN, B
ERRE DR A, [N £ i 0 75 SR 5
SR R R R < =7 sk, B2
IR RO R 2 R SRR TRE 0t kg,
FERX A OL T PR EF R A KR L B AG R E 2, QbR
TR R B LR 1 S5 D At 0 B 0 B A, R IR I AN i
RO B S AR A A R T O B R R TR R £ i
JUBRAFAE, 4202 3 /2 f R OB SR K TR 3w . 5 A
I, WA ERAV R E P A E AR -H S S
ERREE Z KR, UHIERARS &I EGMEE
A FA AL PR BF 7 2 i 48 725 it R FE 4% A AT R 71 1R B
L. frin b B A S B AL S WA SR E
TRBBNRRF, HEEARS AREINEWE &
TEMLERT LA WHRN, EAR-F I EWE&T7
AR ) DR B AR OB ORI A T, X0t T8 R R
BT R AT 2R T S I S AR R A A A R 4 R
AEERE L.

S 3k -

[1] MENIS-HENRIQUE M. Methodologies to advance the understanding
of flavor chemistry[J]. Current Opinion in Food Science, 2020, 33:
131-135. DOI:10.1016/j.c0fs.2020.04.005.

[2]  SAIFULLAH M, SHISHIR M R I, FERDOWSI R, et al. Micro and
nano encapsulation, retention and controlled release of flavor and
aroma compounds: a critical review[J]. Trends in Food Science &
Technology, 2019, 86: 230-251. DOI:10.1016/j.tifs.2019.02.030.

[31 SAINT-EVE A, LAUVERJAT C, MAGNAN C, et al. Reducing
salt and fat content: Impact of composition, texture and cognitive
interactions on the perception of flavoured model cheeses[J].
Food Chemistry, 2009, 116(1): 167-175. DOI:10.1016/
j-.foodchem.2009.02.027.

[4] REINECCIUS G A. Flavor interactions with proteins[J]. Current
Opinion in Food Science, 2022, 47: 100884. DOI:10.1016/
j.c0fs.2022.100884.

[51  Gkmens. i KR (M]. 36K, b5t R Tl AL, 2013:
250-265.

[6]  Ft—n3, Rk EE, TREIE, A& KPS IO ] ROk 25 A8 HLER
FOHERE[]. Ao dh 5 R EE Tl 2020, 46(14): 269-274. DOI:10.13995/
j.cnki.11-1802/ts.023480.

[7] BI Shuang, PAN Xin, ZHANG Wentao, et al. Non-covalent
interactions of selected flavors with pea protein: role of molecular
structure of flavor compounds[J]. Food Chemistry, 2022, 389: 133044.
DOI:10.1016/j.foodchem.2022.133044.

[8] WANG K, ARNTFIELD S D. Binding of carbonyl flavours to canola,
pea and wheat proteins using GC/MS approach[J]. Food Chemistry,
2014, 157: 364-372. DOI:10.1016/j.foodchem.2014.02.042.

]

[10]

(1]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

LV Tong, WANG Ying, PAN Daodong, et al. Effect of trypsin
treatments on the structure and binding capacity of volatile compounds
of myosin[J]. Food Chemistry, 2017, 214: 710-716. DOI:10.1016/
j.foodchem.2016.07.115.

ANANTHARAMKRISHNAN V, HOYE T, REINECCIUS G A.
Covalent adduct formation between flavor compounds of various
functional group classes and the model protein f-lactoglobulin[J].
Journal of Agricultural and Food Chemistry, 2020, 68(23): 6395-6402.
DOI:10.1021/acs.jafc.0c01925.

BIKAKI M, SHAH R, MULLER A, et al. Heat induced hydrolytic
cleavage of the peptide bond in dietary peptides and proteins in food
processing[J]. Food Chemistry, 2021, 357: 129621. DOI:10.1016/
j.foodchem.2021.129621.

DE ROOS K B. Effect of texture and microstructure on flavour
retention and release[J]. International Dairy Journal, 2003, 13(8): 593-
605. DOI:10.1016/S0958-6946(03)00108-0.

BUINER, XISR, AR, A5 LA SR B S A R B Al BAE
FABLUH R s SR AT STk R[], B iR, 2020, 41(15): 288-294.
DOI:10.7506/spkx 1002-6630-20190815-158.

NICOLAI T. Gelation of food protein-protein mixtures[J]. Advances
in Colloid and Interface Science, 2019, 270: 147-164. DOI:10.1016/
j.¢is.2019.06.006.

KING B M, SOLMS J. Headspace gas-chromatography as a means
of assessing the effect of non-volatile food components on volatile
flavour compounds[M]// WILLIAMS A A, ATKIN R K. Sensory
quality in foods and beverages: definition measurement and control.
Chichester: Ellis Horwood, 1983: 196-202.

XU Jiao, HE Zhiyong, ZENG Maomao, et al. Effect of xanthan gum
on the release of strawberry flavor in formulated soy beverage[J]. Food
Chemistry, 2017, 228: 595-601. DOI:10.1016/j.foodchem.2017.02.040.
GUO Jun, HE Zhiyong, WU Shengfang, et al. Effects of concentration
of flavor compounds on interaction between soy protein isolate
and flavor compounds[J]. Food Hydrocolloids, 2020, 100: 105388.
DOI:10.1016/j.foodhyd.2019.105388.

WANG Haitang, GUAN Haining, ZHANG Hongwei, et al. Elucidation
of interaction mechanisms between myofibrillar proteins and ethyl
octanoate by SPME-GC-MS, molecular docking and dynamics
simulation[J]. LWT-Food Science and Technology, 2022, 154: 112787.
DOI:10.1016/j.1wt.2021.112787.

HAN Zhong, CAI Mengjie, CHENG Junhu, et al. Effects of microwave
and water bath heating on the interactions between myofibrillar protein
from beef and ketone flavour compounds[J]. International Journal of
Food Science & Technology, 2019, 54(5): 1787-1793. DOI:10.1111/
ijfs.14079.

WANG Kun, ARNTFIELD S D. Effect of protein-flavour binding on
flavour delivery and protein functional properties: a special emphasis
on plant-based proteins[J]. Flavour and Fragrance Journal, 2017,
32(2): 92-101. DOI:10.1002/1fj.3365.

YU Xia, CAI Xinghong, LI Shuang, et al. Studies on the interactions
of theaflavin-3,3’-digallate with bovine serum albumin: multi-
spectroscopic analysis and molecular docking[J]. Food Chemistry,
2022, 366: 130422. DOI:10.1016/j.foodchem.2021.130422.

XIAO Zuobing, JIANG Xinyi, NIU Yunwei. Study on the interaction
of sweet protein (thaumatin) with key aroma compounds in passion
fruit juice using electronic nose, ultraviolet spectrum, thermodynamics,
and molecular docking[J]. LWT-Food Science and Technology, 2022,
162: 113463. DOI:10.1016/j.1wt.2022.113463.

HE. JE AU £ 4 2 1 5 8 SRR S 0 AH EL A PP 75 [D].
T S K%, 2019: 12-13.



186 2023, Vol.44, No.17

SIT

il

Ll

KRR

[24]

(25]

[26]

[27]

(28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

HE Yujia, ZHOU Changyu, LI Chunbao, et al. Effect of incubation
temperature on the binding capacity of flavor compounds to
myosin[J]. Food Chemistry, 2021, 346: 128976. DOI:10.1016/
j.foodchem.2020.128976.

ZHU Lin, SONG Xuebo, PAN Fei, et al. Interaction mechanism
of kafirin with ferulic acid and tetramethyl pyrazine: multiple
spectroscopic and molecular modeling studies[J]. Food Chemistry,
2021, 363: 130298. DOI:10.1016/j.foodchem.2021.130298.

LV Yanfang, LIANG Qiangian, LI Ying, et al. Study of the binding
mechanism between hydroxytyrosol and bovine serum albumin using
multispectral and molecular docking[J]. Food Hydrocolloids, 2022,
122: 107072. DOI:10.1016/j.foodhyd.2021.107072.

WANG Hui, XU Jianhang, LIU Qian, et al. Interaction between
protease from Staphylococcus epidermidis and pork myofibrillar
protein: flavor and molecular simulation[J]. Food Chemistry, 2022,
386: 132830. DOI:10.1016/j.foodchem.2022.132830.

LI Hao, ZHENG Rui, ZUO Fangfang, et al. Influence of proteolysis on
the binding capacity of flavor compounds to myofibrillar proteins[J].
Foods, 2022, 11(6): 891. DOI:10.3390/foods11060891.

HUANG Pimiao, WANG Zhirong, FENG Xiya, et al. Promotion
of fishy odor release by phenolic compounds through interactions
with myofibrillar protein[J]. Food Chemistry, 2022, 387: 132852.
DOI:10.1016/j.foodchem.2022.132852.

ERSOZ N, DUDAK F C. The interaction between f-lactoglobulin
and allyl-isothiocyanate[J]. Food Bioscience, 2020, 36: 100600.
DOI:10.1016/j.1610.2020.100600.

XU Yongxia, WANG Rui, ZHAO Honglei, et al. Effect of heat
treatment duration on the interaction between fish myosin and selected
flavor compounds[J]. Journal of the Science of Food and Agriculture,
2020, 100(12): 4457-4463. DOI:10.1002/jsfa.10486.

ZHAO Xiaocao, QI Jun, FAN Chaoxia, et al. Ultrasound
treatment enhanced the ability of the porcine myofibrillar
protein to bind furan compounds: investigation of underlying
mechanisms[J]. Food Chemistry, 2022, 384: 132472. DOI:10.1016/
j-foodchem.2022.132472.

T KA B A S K RS S A ELAE T s R 32 7E (D).
JoB: YL R, 2021: 18-26.

CAO Jinxuan, ZHOU Changyu, WANG Ying, et al. The effect of
oxidation on the structure of G-actin and its binding ability with aroma
compounds in carp grass skeletal muscle[J]. Food Chemistry, 2018,
240: 346-353. DOI:10.1016/j.foodchem.2017.07.068.

KUHN J, ZHU X Q, CONSIDINE T, et al. Binding of 2-nonanone and
milk proteins in aqueous model systems[J]. Journal of Agricultural and
Food Chemistry, 2007, 55(9): 3599-3604. DOI:10.1021/jf0635170.
O’KEEFE S F, RESURRECCION A P, WILSONL A, et al.
Determination of binding of hexanal to soy glycinin and S-conglycinin
in an aqueous model system by using a headspace technique[J].
Journal of Agricultural and Food Chemistry, 1991, 39(6): 1022-1028.
DOI:10.1021/jf00006a003.

GRINBERG V Y, GRINBERGN V, MASHKEVICHA Y, et al.
Calorimetric study of interaction of ovalbumin with vanillin[J].
Food Hydrocolloids, 2002, 16(4): 333-343. DOI:10.1016/S0268-
005X(01)00106-0.

KB, SRR, TEEE, 55 TS R A 0M (- JFOg R E
S HT U £ A ER 5 S R AE IR R S A A ], 'R, 2016,
37(16): 100-105. DOI:10.7506/spkx 1002-6630-201616016.

BUROVA T V, GRINBERGN V, GRINBERGV Y, et al. Binding of
odorants to individual proteins and their mixtures. Effects of protein
denaturation and association. A plasticized globule state[J]. Colloids

[41]

[42]

(43]

[44]

[45]

[46]

[47]

(48]

(49]

[50]

[51]

[52]

and Surfaces A: Physicochemical and Engineering Aspects, 2003,
213(2): 235-244. DOI:10.1016/S0927-7757(02)00516-2.

WANG Haitang, ZHU Jiamin, ZHANG Hongwei, et al. Understanding
interactions among aldehyde compounds and porcine myofibrillar
proteins by spectroscopy and molecular dynamics simulations[J].
Journal of Molecular Liquids, 2022, 349: 118190. DOI:10.1016/
j-molliq.2021.118190.

ZHANG Bin, ZHANG Jingwen, YU Xiaobo, et al. Evaluation of the
adsorption capacity and mechanism of soy protein isolate for volatile
flavor compounds: role of different oxygen-containing functional
groups[J]. Food Chemistry, 2022, 386: 132745. DOI:10.1016/
j.foodchem.2022.132745.

WANG Haitang, XIA Xiufang, YIN Xiaoyu, et al. Investigation of
molecular mechanisms of interaction between myofibrillar proteins
and 1-heptanol by multiple spectroscopy and molecular docking
methods[J]. International Journal of Biological Macromolecule, 2021,
193: 672-680. DOI:10.1016/j.ijbiomac.2021.10.105.

LIU Chengzhi, LV Nan, REN Gerui, et al. Explore the interaction
mechanism between zein and EGCG using multi-spectroscopy and
molecular dynamics simulation methods[J]. Food Hydrocolloids, 2021,
120: 106906. DOI:10.1016/j.foodhyd.2021.106906.

HAN Ping, AN Ning, YANG Li, et al. Molecular dynamics simulation
of the interactions between sesamol and myosin combined with
spectroscopy and molecular docking studies[J]. Food Hydrocolloids,
2022, 131: 107801. DOI:10.1016/j.foodhyd.2022.107801.

WILDE S C, TREITZ C, KEPPLER J K, et al. f-Lactoglobulin
as nanotransporter-Part II: characterization of the covalent protein
modification by allicin and diallyl disulfide[J]. Food Chemistry, 2016,
197: 1022-1029. DOI:10.1016/j.foodchem.2015.11.011.
ANANTHARAMKRISHNAN V, REINECCIUS G A. Influence of pH,
temperature, and water activity on covalent adduct formation between
selected flavor compounds and model protein S-lactoglobulin[J].
Journal of Agricultural and Food Chemistry, 2020, 68(47): 13833-
13843. DOI:10.1021/acs.jafc.0c06752.

HOUDE M, KHODAEI N, KARBOUNE S. Assessment of interaction
of vanillin with barley, pea and whey proteins: Binding properties and
sensory characteristics[J]. LWT-Food Science and Technology, 2018,
91: 133-142. DOI:10.1016/j.1wt.2018.01.022.

VIRY O, BOOM R, AVISON 8§, et al. A predictive model for
flavor partitioning and protein-flavor interactions in fat-free dairy
protein solutions[J]. Food Research International, 2018, 109: 52-58.
DOI:10.1016/j.foodres.2018.04.013.

SIDDIQUI G A, SIDDIQI M K, KHAN R H, et al. Probing the binding
of phenolic aldehyde vanillin with bovine serum albumin: evidence
from spectroscopic and docking approach[J]. Spectrochimica Acta
Part A: Molecular and Biomolecular Spectroscopy, 2018, 203: 40-47.
DOI:10.1016/j.s2a.2018.05.023.

GUO J, HE Z, WU S, et al. Binding of aroma compounds with soy
protein isolate in aqueous model: effect of preheat treatment of soy
protein isolate[J]. Food Chemistry, 2019, 290: 16-23. DOI:10.1016/
j.foodchem.2019.03.126.

GUO J, HE Z, WU 8, et al. Binding of aromatic compounds with soy
protein isolate in an aqueous model: effect of pH[J]. Journal of Food
Biochemistry, 2019, 43(10): e12817. DOI:10.1111/jfbc.12817.
TEMTHAWEE W, PANYA A, CADWALLADER K R, et al. Flavor
binding property of coconut protein affected by protein-glutaminase:
vanillin-coconut protein model[J]. LWT-Food Science and Technology,
2020, 130: 109676. DOI:10.1016/j.1wt.2020.109676.



XA ERA

E6oill =

2023, Vol.44, No.17 187

[54]

[53]

[56]

[57]

[58]

[59]

[60]

TAVEL L, ANDRIOT I, MOREAU C, et al. Interactions between
p-lactoglobulin and aroma compounds: different binding behaviors
as a function of ligand structure[J]. Journal of Agricultural and Food
Chemistry, 2008, 56(21): 10208-10217. DOI:10.1021/jf801841u.

YIN Zhucheng, WU Yaru, CHEN Yao, et al. Analysis of the interaction
between cyanidin-3-O-glucoside and casein hydrolysates and its effect
on the antioxidant ability of the complexes[J]. Food Chemistry, 2021,
340: 127915. DOI:10.1016/j.foodchem.2020.127915.

LIU Huan, WEI Xiangru, NIE Ruotong, et al. Molecular docking
simulation combining with multi-spectroscopy techniques clarify
how small molecule ligands bind to biomacromolecule: myosin and
aldehydes as a case study[J]. LWT-Food Science and Technology,
2022, 155: 112977. DOI:10.1016/j.1wt.2021.112977.

SHEN Hui, ELMORE J S, ZHAO Mouming, et al. Effect of oxidation
on the gel properties of porcine myofibrillar proteins and their binding
abilities with selected flavour compounds[J]. Food Chemistry, 2020,
329: 127032. DOI:10.1016/j.foodchem.2020.127032.

YANG Qiuli, LOU Xiaowei, WANG Ying, et al. Effect of pH on the
interaction of volatile compounds with the myofibrillar proteins of
duck meat[J]. Poultry Science, 2017, 96(6): 1963-1969. DOI1:10.3382/
ps/pew413.

ZHOU Q, CADWALLADER K R. Effect of flavor compound
chemical structure and environmental relative humidity on the binding
of volatile flavor compounds to dehydrated soy protein isolates[J].
Journal of Agricultural and Food Chemistry, 2006, 54(5): 1838.
DOI:10.1021/f052269d.

WE, M, BRI, 25 EGCG Atk ok /K GIkE A
HEAE X & A AR ma ()], & AR, 2022, 43(12): 129,
DOI:10.7506/spkx1002-6630-20210508-081.

DEETH H C, BANSAL N. Whey proteins: an overview[M]// DEETH
H C, BANSAL N. Whey proteins from milk to medicine. Salt Lake
City: Academic Press, 2019: 1-50. DOI:10.1016/B978-0-12-812124-
5.00001-1.

[61]

[62]

[63]

[64]

[65]

[66]

[67]

[68]

[69]

O’NEILL T E. Flavor binding by food proteins: an overview[J]. ACS
Symposium Series, 1996, 633: 59-74. DOI:10.1021/bk-1996-0633.ch006.
WANG Juan, ZHAO Mouming, QIU Chaoying, et al. Effect of
malondialdehyde modification on the binding of aroma compounds to
soy protein isolates[J]. Food Research International, 2018, 105: 150-
158. DOI:10.1016/j.foodres.2017.11.001.

ANDRIOT I, HARRISON M, FOURNIER N, et al. Interactions
between methyl ketones and f-lactoglobulin: sensory analysis,
headspace analysis, and mathematical modeling[J]. Journal of
Agricultural and Food Chemistry, 2000, 48(9): 4246-4251.
DOI:10.1021/jf991261z.

LOU X, YANG Q, SUN Y, et al. The effect of microwave on the
interaction of flavour compounds with G-actin from grass carp
(Catenopharyngodon idella)[J]. Journal of the Science of Food and
Agriculture, 2017, 97: 3917-3922. DOI:10.1002/jsfa.8325.

MA Yunjiao, WU Jianhai, LI Xiang, et al. Effect of alkyl distribution
in pyrazine on flavor release in bovine serum albumin solution[J]. RSC
Advances, 2019, 9(63): 36951-36959. DOI:10.1039/c9ra06720e.
GUICHARD E. Interaction of aroma compounds with food matrices[M]//
PARKER J, ELMORE J, METHVEN L. Flavour development, analysis
and perception in food and beverages. Sawston: Woohead Publishing,
2015: 273-295. DOI:10.1016/B978-1-78242-103-0.00013-8.
GUICHARD E. Interactions between flavor compounds and food
ingredients and their influence on flavor perception[J]. Food Reviews
International, 2002, 18(1): 49-70. DOI:10.1081/FRI-120003417.
ROGACHEVA S, ESPINOSA-DIAZ M A, VOILLEY A. Transfer
of aroma compounds in water-lipid systems: binding tendency of
p-lactoglobulin[J]. Journal of Agricultural and Food Chemistry, 1999,
47(1): 259-263. DOI:10.1021/jf9808372.

WANG Kun, ARNTFIELD S D. Effect of salts and pH on selected
ketone flavours binding to salt-extracted pea proteins: the role of
non-covalent forces[J]. Food Research International, 2015, 77: 1-9.
DOI:10.1016/j.foodres.2015.03.017.



