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from “Reineccius Gary. 2006. Changes in food flavor due to processing, In “Flavor Chemistry and
Technology”, pp. 103-138, Taylor & Francis”
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5.2-- THE MAILLARD REACTION
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5.2.1-- general overview of the Maillard reaction
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e It is typically these minor products that make the

largest contribution to flavor.
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| Heterocyclization
Pyridines Thiazoles
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FIGURE 5.1 Formation of flavor compounds via the Maillard reaction. (From Vernin, G., 5
C. Parkanyi, Chem. Heterocycl. Comp. Flavours Aromas, p. 151, 1982. With permission.)
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5.2.2-- pathways for flavor formation via the Maillard reaction
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FIGURE 5.2 Major pathways for the formation of flavor substances during the Maillard
reaction. (From Kerler, J., C.Winkel, Food Flavour Technology, A.J. Taylor, Ed., Sheffield
Publ., Sheffield, U.K., 2002, p. 302. With permission.)
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Figure 2. Scheme glucose/glycine Maillard reaction adapted from Tressl et al. [13]. AMP
(Advanced Maillard Products); 1-DH (1-deoxy-2,3-diketose); 3-DH (3-deoxyaldoketose);
4-DH (4-deoxy-2,3-diketose).
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87T 1 R EMEIN~ FEGYIESEY)E (From: “Flavour formation in meat and
meat products, Food Chem., 62: 415-424, 1998.”)
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Fig. 2. Some important flavour intermediates in the Maillard
reaction in meat.
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(# From: “Flavour formation in meat and meat products, Food Chem., 62: 415-424, 1998.")
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Fig. 3. Strecker degradation of amino acids, showing a route
for the formmation of alkylpyrazines, amd the formation of
ammonia, hydrogen sulfide and acetaldehyde from cysteine.
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(4 From: “Flavour formation in meat and meat products, Food Chem., 62: 415-424, 1998.")
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Fig. 4. Route for the formation of thiazolines and thiazoles in
the Maillard reaction from the reaction of hydroxyketones, 26
aldehydes with ammonia and hydrogen sulfide.
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Fig.-. 5. Some thiols, sulfides and disulfides found in the wvola-

tiles of cooked meat (Macl eod and Ames, 1986; (Gasser ard

Grosch, 1988; Farmer and Patterson, 1991: Madruga, 1'994; 7
Madruga amd Mottramm, 1'995).
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(48 From: “Flavour formation in meat and meat products, Food Chem., 62: 415-424, 1998.")

* GCIREWRESA — R L 60 RmuK s =i(Table 1) o

Table 1. Odours of some thiols and disulfides found in cooked
meat volatiles; evaluated by GC odour-port assessment
(Madruga, 1994)

Compound Odour description

3-mercapto-2-butanone fried onion, sulfury,
cooked meat
2-mercapto-3-pentanone brothy, mashed potatoes
2-methyl-3-furanthiol meaty, roast meat,
boiled meat
bis(2-methyl-3-furanyl) disulfide meaty, boiled meat

2-methyl-3-(methyldithio)furan meaty, sulfury, fatty
2-[(2-methyl-3-furanyl)dithio]-3- meaty
pentanone
bis(2-furanylmethyl) disulfide roast, brazil nuts,
baked mushroom
2-[(methyldithio)methyljfuran brothy, spices, roast,
fatty
3-[(2-furanylmethyl)dithio]-2- onion, burnt rubber,
butanone burnt wood
3-[(2-furanylmethyl)dithio]-2- sweet, onion, roast nuts 28
pentanone
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(45 From: “Flavour formation in meat and meat products, Food Chem., 62: 415-424, 1998.")

« Xi&furan sulfides and disulfidesfiZ B89 ISR OJRE2 AL =40
dicarbonyls ~ furanones - furfurals 2 8922 G EAD @ E 4 thiols
mercaptoketones o SELERES F L £ EFEAVE RN E B — IR
1L o LA » KB RBERLE 8 Zribose phosphate 2 furan
thiophenethiols Y = 2RIFEYE AR IEEE (L AR K AN P S
fZE ¥D4-hydroxy-5-methyl-3(2H)-furanose » STIRADT{ L =/~ fE(Fig. 6) o

CHOPOH,

H _~© HO oH s} OH
H H . - Hy0
b Q ‘ - Ny =
OH OH O 0 o
l e

5—5 SH O S\
B I} Lo s Y
WS g me 5 e Y

Fig. 6. Route for the formation of 2-methyl-3-furanthiol,
bis(2-methyl-3-furanyl) disulfide and 2-methyl-3-(methylthio)-
furan from ribose phosphate (based on van den Ouweland and
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(4 From: “Flavour formation in meat and meat products, Food Chem., 62: 415-424, 1998.")

FEB RSN IEBNR G FR
1. ZRBREE AL HVERAIER T REAIEE 28 2= A volatile profile §9

FEEEE  MRELEIEE - MBEEZBNKRED
BINREPNERTEE - FTUREER @ BEIT4 098548
ZSEGINE o

IHIEE AL c B2 =BH HEE(TC) » HAEE(PL)ISWZD
NS EREERIEHLES - NEZGFE 2R - BIFZ SIFENE
BARBIARREEK - B)RDwarmed-over flavor5 &8 © 1B BIFNERNDER
2B DEREZNESR °

. EARFRETC - ERARNSRAREIZEERER ; BhiE

TGAIPL - HEAARSRPFEAANE - BAIKE © BLIEHFZ6Y
&% © FRAETCIEAH RIBBRIKREVEEYSHER - LS
IREEFREARS R R TE - (BTCRPLIRAEPEEB SUCEMIEER
» [2;2alkyl pyrazines K E 18710 o :ELLAERARTIES AP »
fEB R E B E Y ST EPRIRS RISV

P
Peer, 1975). B FERSLE o
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(48 From: “Flavour formation in meat and meat products, Food Chem., 62: 415-424, 1998.")

» Table 2cp » [BEGENAIESVNERE - —MFATC
HRIGINESEY S SR ERIERPLALD ©

Table 2. Relative concentration of some selected heterocyclic

compounds formed from the reaction between cysteine and ribose

in the presence of different lipids (Farmer er al., 1989; Farmer
and Mottram, 1990)

Compound No BTG BPL PE PC
Lipid

2-mercapto-3-pentanone 1 0.72 0.49 0.53 0.53

3-mercapto-2-pentanone 1 0.77 047 049 0.50

2-methyl-3-furanthiol
2-methyl-3-thiophenethiol
2-furylmethanethiol
2-thiophenethiol
2-pentylpyridine

040 0.15 0.24 0.27

0.08 0.01 0.10 0.20

0.67 0.63 0.72 0.62

0.32 0.03 0.14 046

0.09 1 1.5 18.6
0

OO D = = -

2-pentylthiophene 1 10.9 239
2-hexylthiophene 0.15 1 2.4 6.6
2-pentyl-2 H-thiapyran 0.01 1 4.0 11.0

BTG, beef triglyceride; BPL, beef phospholipid; PE, phos-
phatidylethanolamine (from egg yolk); PC, phosphatidylcho-
line (from egg voilk).
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(48 From: “Flavour formation in meat and meat products, Food Chem., 62: 415-424, 1998.")

oo -
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BANBDSEHOVERMEY - T1BEBNKBHRITRDE R
B BHE N KB B ERREERES R - URIEEAARH
BVRFREIRS °

EE VAR B NART BB (fatty) BR2ILEW » MUIRIR
ERBREHBIRLK - iR EEEH FRERDME  EBNE
AERRIRICE o

AhiREE BB PER T VR A SMIZERE CEBAZER)
IR FERNEEFIERYE -+ furanthiols ~ furan sulfides and disulfides
EIEFREFEENRKEY - BRERBIR @ SRREHEVAS °
N FE—BRAIRZ B BE0VAE4E + TBRA K FEAY Streckerff BE—Z RN A
BINEY) ; BIEKEELPEEYREIL BBV 8 1ER M MRk
o PNHEERAYERM D ~ BERLEY It S LS LGN REE
MR ER b SN R)NREMEEETVIEEIHLEY
HIEERELBEERINENNEERRR @ FBS U LG /E
A EHIRTEERESHRIE SN ESE -
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5.2.3-- factors influencing the maillard reaction

* ZEEGD ﬂ%%%ﬁﬁﬁ%ﬁ%ﬂ%ﬁﬁﬂ/ﬁ&% ’ K%B?ﬁ%ﬁ?
Bk (INVBRRERSEVIHIB ) SNERREMBIEERIP
SR —RIE o

« BARME | BFEINIRY FIRARRE 2SHES R
SoVELMEEDEL - BESH—RBHERKREMIIR
FEEDIRRITIRG) » B - &[EY) » IRIB R NIEVRIF 58D
2RISR E R BLSPT RAVELK

5.2.3.1- Heating Time/Temperature

© BENREZBIRERN  IFVRE RS2 ESH
Z— o PINOEIAY TR ANMEPIRZBIRLRAFE - E2RNEM
WS MIEVREERIEZ

* W I ERKEMROEER EIREE B EKEGVEE
MEIPARE HRREKEREN IR E o
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-« SEEHRERAE R E/Z(@S.3) o HLIRTHES furanthiol) £ 58
BIRISRRBRA » HIXRLIE (pyrazine) K2 R EE (furfural) - SRS
BYRET - QUREEELRRRAK - RIEBESEANE @ &Z
MIRELARE (RIESLERNE)  BRFEERM
EE
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34
FIGURE 5.3 Influence of temperature on rate of formation of various aroma compounds.
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EREYESESEY - AMIEREMRERETIASIESR
CRe@E M2 N R SYIBVERAZ TG » fiEmoiiEs 5 BRI o
MEBF=EE - SRS RLEYEEESIFR/mEL - Bt
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FIGURE 5.4 The influence of roasting time on the amount of some aroma compounds in 35

coffee beans. (From Yamanishi, T., Flavor Research: Recenr Advances, R. Teranishi, R.A.
Flath, H. Sugisawa, Eds., Marcel Dekker, New York, 1981, p. 231. With permission.)
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5.2.3.2- Influence of System Composition /= & 7 #E LAY S/ 2
- IREBRABIBAE SR BN EOVRR o

BEXERY, © pentoses (xylose or arabinose) > hexoses (glucose or fruc-tose) >
disaccharides (lactose or maltose) > trisaccharides > corn syrup solids >

maltodextrins > starches ; fZEERE © glycine B9 EMSRA ©

s VMR FEVE BB AIRIE @ ikt &EWBINE = E
RR D 2B KRR/ E o

« B5E process flavor @ BRREAV I RIKISEIC 22/ » FE
DR REFREFENTELE o HINSHRIZERL 2 £
BEREEETEELY ; valine ~ leucine Risoleucine 21555 1@ kBT
=69 ; methionine B HISERERFTEREY ©

5.2.3.3- Influence of Water Activity
* Water availability @R/ 25T% 188AR ERICHVIRE - RMES
L BRI AV RERE O] RERI BRI ©
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5.2.3.4- Influence of pH

* pH LGN E PR LRI R ERE - KM

CUEBSHIEY B IR BBV 18T o 7EpH 3-102 3]

» RIBSEREFRREEpHEY LT M 218021828 @ @)F

B2 IR © EREATIRIS @ RERFEHE - &

AN- @EE‘H*W%%EZ?K@F ' SZPNDRAGHNIRHERER

BIRIREH)ES o FIRERVEOVIRIREP @ 18IAPRIEY)
GEEIPS ﬁiﬁi’@? ' ERERLRIRIDR °

« BIL0 : pHESOLLIEFZ BN EUR/ MK » pH 9.0)0E R
7B B4 R pH 5.06F » IHIESIZH03A5001 o
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TABLE 5.1
The Effect of pH on the Formation of Volatiles During

the Heating of a HMF/Cysteine Model System

pH 2.4 4.7 7.0
Flavor Compound — mg Yield —
3-Hydroxy-2-pentanone 16.5 27.2 8.2
2. 4-Hexanedione 64.3 31.9 4.3
2-Acetylthiazole 7.5 14.1 247 4
3,5-Dimethyl-1,2,4-trithiolanes 33.7 33.9
Thiophenones 101 104 23.?‘

Source: Mottram, D.S., EB. Whitfield, Thermally Generated Flavors, T.H.
Parliment, R.J. McGorrin, C.-T. Ho, Eds., Amer. Chem. Soc., Washington,
D.C., 1994, p. 180. With permission.

IR VAP IOFA pHE IS BUS Sk o) o B 208
(FR0.1) - RO L @?ﬂ@ﬁ@ﬁﬁﬁiﬁﬁ B E6Y pHiS -
SIeSrHITEEINEEZIeE 532%)@6%
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5.2.3.5- Influence of Buffer/Salts

- B (RER) (BARRE N SRE R ERK o NEHEEHR
HISWRIENREHBEMAE _ﬂiu;u\%ﬁ94@ﬁ§§xEEEE—§39'J
EVE » HR/ER R DpH K14 (pH dependent) » #EpH
S-TERISHIEILUE ©

5.2.3.6- Influence of Oxidation/Reduction State

* FLRRRARREHISIZE o 7Eglucose-ammonial@ T F2iF + Eitk
EAM2RE  EEVHER  MBEVEISE SR
(propylgallate) 7£100 CLH%F?(Z h) & ERFERESIGIER » B8
RREFRE18 hFR/E/) o ER&RERFRER BHT B i)
EB - BR  HEImIaNBER T REEMSIZTRE o
BREPINEEE S CuCl, & ZnCl, BERFKILLIEES
BINNEE o

5. 2 4 kinetics of the Maillard reaction and flavor

© HRA - BEAESEM A E IR R U B EBFE
%tﬁf‘% ° 39

+ The formation of oxygen-containing heterocyclic compounds during
the heating (80-150°C) of aqueous model systems (cysteine and
glucose): 5.2 (top), NDENGT EIERIE S 4 N E IR I4EABRE -
TR R BRI R EVDREHED)

TABLE 5.2
Kinetic Data for the Formation of Volatiles During the Heating

of Model Systems

Compound Ea (Kcal/mole) Compound Ea (Kcal/mole)
Furfural 35.» 2-Acetylfuran 36.2¢
5-Methylfurfural 3.0 Di(H)di(OH)-6-methylpyranone  30.7* (16)°
Hydroxymethylfurfural 28.1*

Isovaleraldehyde 190 2-Acetyl-1-pyrmoline 14 (12.4 and 16.5)
Phenylacetaldehyde 220 5-Me-2-phenyl-2-hexenal

2-Acetylfuran 185 (34.2)y

» From Schirle-Keller, I.P,, G.A. Reineccius, Flaver Precursors: Thermal and Enzymaric Conversion,

R. Teranishi, G. Takeoka, M. Guntert, Eds., Amer. Chem. Soc., Washington, D.C., 1993, p. 244. With
permission.

» From Chan, F,, G.A. Reineccius, Maillard Reactions in Chemisiry, Food, and Health, T.P. Labuza,

G.A. Reineccius, V. Monnier, 1.0, O'Brien, J.W. Baines, Eds., Royal Chem. Soc. London, London, 1994,

p. 131. With permission. 40
¢ Unpublished data.
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© SiEsERD 0V pR E B NI A RE 89 N0mIE 0 -
BEENSEEREEME - SWILEWRIBLYEEENT
HR15-33 Kcal/mole o

5.2.4.5- Summary

+ The work to date has demonstrated that the formation of flavors is
very system dependent.

+ Reaction rates are generally influenced by pH and Aw of the model
system. Also, secondary reactions may consume some volatiles, and
thus their final concentrations in a system are dependent upon the
secondary reaction kinetics as well.

+ Overall, we have come to accept that flavor formation/concentration
is a dynamic situation. Flavor compounds are formed and reacted to
give a blend that we recognize as a given flavor. This balance can be
very sensitive to the chemical environment and thermal processing.
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5.2.5-- Flavor formation via the Maillard reaction

BN IEE £ R DR U SRS L X EE (aliphatic aldehydes)
B8  LERRAA (diketones) AMEARASADES AT > SF| >~ &>
IRMEiELL R 3 E & BIRFIRY, & W(heterocyclic compounds) FEXE E8
% BHNPRIERGHRKENEE ©

5.2.5.1- Carbonyl Compounds : #xE EMEMRNFEBEE A
Strecker degradation o g dicarbonyls [ free amino acids [ & -
REA BB RN EPREEY) - hal L2V
#8RND  Y0ascorbic acid » SYEE R EIREEY) - UWBLLE
(quinones) » SEASEAAVAIEND o StreckerfEERISEYDR
CO2 ~ f% ~ IRAZEAIRAE VL EBFTHI FERVEESE o
Strecker aldehydestl o] (B B eh EMEHIMESE  H£NBIEELEH
HEITRBINI R E o
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5.2.5.2 Nitrogen-Containing Heterocyclic Compounds
5T R o9 R EiBE 100/E AL (pyrazines) » IEIRBVE BEM
BESESE o JEILIE aky pyrazines) (&15.52) — g 2B MHIELT
FIERRBIRALR o PAE LR (methoxypyrazines) (&5.5b):@F 2
BeL » mERE -

................................................ =1

: IR R

P RN R R N OCH;! - -
: | | : | | |

H T P H o

R M R R M R : A N R R ™ 2]

a. Pyrazine b. Methoxypyrazine E c. Pyrrole d. Pyridine

R R

A R A R o

| | & &
R M R ] ]
P 1
R N R A R N R
e. Pyrroline f. Pyrrolidine £. Pyrrolizine h. Piperine

FIGURE 5.5 Classes of nitrogen-containing heterocyclic volatiles formed via the Maillard
reaction (a. pyrazine, b. methoxypyrazine, c. pyrrole, d. pyridine, e. pyrroline, f. pyrrolidine,
g. pyrrolizine, and h. piperine).
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(L0 (Pyrroles) th 2 S R IRV EW(E)5.5¢) « Hob -

» 2-formyl pyrrole (&5 = K A% EBIIK) Ko 2-acetyl pyrrole (SEEASRK)
SEREE  BRFEE®D o

« EA | » proline+hydroxy proline — Strecker[%#Z — pyrroles o
WRBGRIFEASBprolinegy&hydroxy proline » BItLIZHZAL
EBR/DAIRSNA EBIKELS o

*Acylalkyl pyrroles4=R5,89 53 —3& & : the reaction of an amino acid
with the corresponding furan o

. "
= R A
R N R R ™ OCH, = =
P D U 5
R R " ;S ™ Ri L o
a. Pyrazine b. Methox ypyrazine I c. Pyrrole H d. Pywidime
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. Pyrroline f. Pyrrolidine £- Pymrolizine h. Piperine
FIGURE 5.5 Classes of nitrogen-containing heterocyclic volatiles formed wia the Mailland 44

reaction (a. pyrazine, b. methoxypyrazine, . pyrmmole, d. pyridine, e. pyrroline, f. pyrrolidine,
g pyrolizine, and h. piperine).
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l]tlg[]m(Pyrldlne compounds) (Figure 5.5d)

© EARE RGPS pyrolesKpyrazines BYEBIF 1L ©

© DIRBVRERMEE © JBFTEERgreen notes SRR © 3-methyl
pyridine has a green odor, as do many of the singly substituted

pyrazines. 3-methyl-4-ethyl pyridine has been characterized as being
sweet and nutty.

 Pyridine BRI ~ NREVEER » 2- acetyl pyridine FAE2RZR0K ©
. Pyr|d|ne$5§%%Jjﬁ¢9\ O rreeeesssssssseeees

O Y b(ri

a. Pyrazime b. Meithoxypyrazine c. Pyrrole : L Pyridine

A R
- - R "
| | - -
A M [ ™ "
o |
R N R A R L] L]

e. Pyrroline f. Pyrrolidine g. Pyrmolizine h. Piperine

FIGURE 5.5 Classes of nitrogen-containing heterocyclic volatiles formed wia the Maillard 45
reaction (a. pyrazine, b. methoxypyrazine, c. pyrrole, d. pyridine, e. pyrroline, f. pyrrolidine,
£- pyrrolizine, and h. piperine).
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5.2.5.3 Oxygen-Containing Heterocyclic Compounds

. Uﬁ%ﬂﬁ@ﬂ(furanones v It 0Rg &fal (pyranones) 2 KD EEXB A L DA AR R LR ERREE
NERMIRILEY  REZRKEE - FiElkcaramel-like ~ &
Iksweet ~ 7}<%D$fm|ty 9Ty Ebutter-scotch ~ EX ER20knutty si (B2 EELK
burnt o E;,J%mliﬁ* oK L EMEE P tbﬁéﬁi%eij‘gi
B EEEBIND ©
EEFMADSTPE—F @ L H#BEIC-alkyl-enol carbonyl gro p (alkyl-
C=C(OH)-C:0)BREEBISHRE o 2 5 fj(maltol, @5.6a) » & E 25 F(eth
maltozé’i*%%ﬂik BelER m%ﬁﬂiéummﬂﬂﬂﬂﬁﬁ i E% gf]
Ik (R & B2 (furaneol; 4-hydroxy-2,5-dimethyl-3(2H)furanone; .5 6b) - B85 BHY
E T o EFERIARIALIIICYclotene ( [B5.6¢)th B IERIF 5k BUBHBYAE,
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FIGURE 5.6 Oxygenated and sulfur-containing compounds formed wia the Maillard reaction.
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5.2.5.4 Sulfur-Containing Heterocyclic Compounds
%?%KE?&EQBUEnu%’ﬁafb/\%EEEM%‘WEEEE BB
053 (thiophenes) ~ — ;&5 (dithioles) ~ — {5 (dithianes) ~ — Y&
(dlthuns) \ :ﬁnﬁa&ﬁ(trithiolanes) v = EYE(trithanes) ~ POIBEIR
(tetrathianes) ~ 104 (thiazoles) ~ EILIHR(thiazolines) ~ IEEAAMEE
(thiazolidines)55 o BB EEENTEBHIZSHILEY
REMRBIE (856 de) o

ERFMUL

a. maltol b. furaneol c. cyclotene
d. thiazole e, thiophene f. oxazole g oxazoline

O R 2 47
FIGURE 5.6 Oxygenated and sulfur-containing compounds formed via the Maillard reaction.
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BIEBEFEABRERER

Thiazoles 3 pyrazines BB BEME B LEAB

* Alkylthiazoles: JE#fT ~ B2R ~ k& ~ SR SUARAK ©

« Trimethyl thiazole: ©] o] - EXER[F 0k o

* 2-isobutyl thiazole: —f@ERBBAVEINVIB(LEY) - BBEZIEY
BB IIERIL - BEEHRCKARD ©

« 2,4-dimethyl-5-vinyl thiazole: $B{5IE2 REV R LR

* 2-acetyl thiazole: —FEEX R ~ EWFNIBE K TCHVRLK ©
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FREME 2PN » BEDERIRRRSUENERD P

+ ThiopheneZSRIGEN » 2,4-dimethyl thiophene ¥WES ¥ BB EIIKE L ;
2-acetyl-3-methyl thiophene7£0.25 g/100 LiEE B E R AE LIV R R
» {80.11 g/100 LI B 2E2 R K Rk ; 5-methyl thiophene-2-
carbox- aIdehydeELI]}J[][le%;E {0[) thiazoles F{thiophenes » 38
LV EMEAR L EFEDSMIZEBAINGIN S ED F‘ﬁ/—*«*@B’J
R FEMAERK © %%EU%’E\%H%%@%‘EEEEHZS R
1R PEEYRIE ©
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5 2.5.5 Oxygen-Containing Compounds
ﬂ[]i(oxazoles)ﬂﬁljaﬂﬁwoxazolmes) (B5.6F,0) EM = fESE £
RRRKPEIR

* Oxazolesgy g7y ﬁﬂik TR ~ BHEK ~ JEBEK ~ S8 LlRx
BER o B WS EEH4MIREDRE © K E28046% £ iR
2 \X%ﬁZﬂMﬁﬁﬁﬁ%B’J@ F?HBHBHUEE(WJZZDS -butyl oxazole) o

« Oxazolines EEZFOVEBEMES o 2-isopropyl-4,5,5-trimethyl-3-
oxazoline: iﬁ{LjEﬁu,iE’j%[]ﬂi 2-isopropyl-4,5-diethyl-3-oxazoline:
ﬁi@ﬁ']jjﬂﬂ% °

a. maliol b. furaneol c. cyclotene
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: —nN
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FIGURE 5.6 Oxygenated and sulfur-containing compounds formed via the Maillard reaction.
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5.3 FLAVORS FROM LIPIDS

© RoRIENIE  EBEETEUMERILRELK - ERAR
PRI SRIEL LS - BiSalphatic hydrocarbons
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Fig- 1. Some classes of wvolatile compounds produoaced during 50
the cooking of meat.
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5 3.1 Deep fat fried flavor

- SBYEESAINERE ~ SHEHBEI R 2L0LE @ BEESIEES
S5 o LMBQ%E'IM%MZ@E,EEHEﬁrtt%aoaz*#’/)]ﬁ'l?f’* ’

ZE90 88 ~ BERERE ~ B » DAY B ERRtIES
BiE RN o ,EEX’E}_L[BEHH%X@ thermally induced changes

in the food (Maillard reaction) and flavor developed in the frying oil.

* PATEK - AREBIFE RS \EEPU\X’E BEEAR —EBRT
EEREOEL - P8Il RREYESD °

* The mechanism of flavor development in heated oils is
essentially that of lipid oxidation.
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B5. 7 : BFEF({VBEIE H- BhE ~ M2 F/ “%OQH/EE;_
Wﬂz%@aﬁ(peromde radical) ~ SNEFAVIER ~ SARSIEFLE
AIESEMERIERIL G o

+NHg , RyOH (I}
Triglyceride R,COOH R,-C-NHR
(p-keto acid moiety)
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FIGURE 5.7 Proposed mechanism for the formation of volatiles from heated animal fats.
(From Ohnishi, S., T. Shibamoto, J. Agric. Food Chem., 32(5), p. 987, 1984. With permission.)
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+ 2\EE8F 1 (heat-induced oxidation)HYENEIREE T H2E
BB RILEY - ERRAE BB EBSB8E
1EE » NE—ENRIBEE NSBEERERE -

- DOAVRCBISE ZIEAEIRS © H AR =R AL BB NOREREEY
ME o RESUIBIEIEENFILIIE - MEEDKRIVE
SEMRKIE o B - BRIV B G248
BY - FEACPE VR K2 IBITOY ©

- BREBIFPIBELRSOVELZMNE - BIERIEE B
B~ IREL S ~ B~ AES ~ B8 ~ BEIVESIREDERIY
BF o IROFFADY - AR (ILLIR ~ S259BEE  Dkirf
PIHRED) ADBRERICRIE (NEEAIEERR) B BIFRRGER
ERNEZHIR ©
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5.3.2 lactones

RaPAES(lactones)£AY - SIFEEBMEDIER ~ BBEHVEE
b (ERINN0FR ) SLP0E o 9 (butter) JIERIRIRTLE]
FIBERE N —BIFR S ASEGVHMENBLELR - :EKE6
DRABELEMPTEL ©

5.3.3 secondary reactions
EEERERERERN @ Lot 2HEE PP ERK
WERST B IEMRIE o

AN

’

H
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BRE R HIFMEEZS T8ROI EZ/FRS T ¢
RE'E SR DE 2 B StreckerfE AR EE DBV R S BAZEE DAL R 2 [2
f& o AASBIs R EEAEHIREM REKGEHE L SYI082
A0BR - SELIRESFE 2L EELENR L E(E6.23)

SEIREUBIS IO R EY - B Ko
SEOMBRIE  MAMRRDE 1 [u
ROVHIESRILEY) - B 48 R
CHMEMRESBARIES "N, 1A ¥

H,N "OH

AEEE o U024-% —J7mE 2 A EI0Y | | |
WRERRREY) - SHEOFE 3
BHOLAELERESE L) O
MickaelJORRS [ » FZRRPFEIES - T[‘” - l“?;

RAARIEIE ~ ERUREES
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R—B589494% fE o

S REVISIAR & 623 JERFRMBR BRI 2,4
3R H, S % NH, MR
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Phosphatidylethanolamine 9% E FIEB B AREVIEM L &2 2
f& - BENYJEERZ PEIMREIRE © SRL8IENIKR
FEPTR OV B ENRIE -

KERNBEZBHESEBINRIE -

FEE S IE RS B AR A 1D BN S A A BV REH,S 2 R FE o
NRABNPTZESMMIRENRBEREE (RRGIRE) o
RN EBRINRIFEPEITT - RIREVEASEED (ALESH
DIRHAR ~ PSR HERIRE - BBIEEDRITRHE
THEB/EHNAZ G ERMEMSER G 25 =Rk o Meat
process flavors contain approximately the same sugars and amino
acids for the basic meat flavor but contain different fats to give the
unique pork, beef, or chicken notes.
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gk Flavour formation in meat and meat products, Food Chem., 62: 415-424, 1998.

© RooREBITER - SURESSHBFEA REEK(rancd off
flavor) » {B7£ %‘ﬂ?ﬂaﬁ{b&@l?&ﬁ?ﬂi RAERURATREY
BRI NEESEN D -

© EREBHARB=88EEMUREMIESEHAEES - Hit
PTERE 2B D * NRBEE btV EE TR
LEESHNIBEBNEEND  SKESEMDIMNESE
% MRS R MRV » iR EITEVIES
PN AR E BRI ©

+ BETTENUSYRKEERERSRITEBKEILRIE
M8 .2 ARBIESE D PHSTHAIS RIS - B
FFRIBENENEEN D ESRER N AWREEEL
MRS -
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+ BEMBEAA @ 6-10iRERAI A EEFIEE L2 T 2 0V1ESE
M EEY)  BETRRBROEEEEEE/E » SLEEELERY
qnak*ﬁ?iﬁu% green ~ fattyKtallowy - 2,4-decadienal E53HVEE
ENER - IJXASIHIEEELEE SRIA AR fatty flavor o

© NEREINFEHRK—REBRIRBEERERIR - BERFEE
BEVNEEEAN R LN EOERRE - BAHRA=H
BB P AR RS EF R SES LRI ENEERIASALEE

7_ PP ELE B ZHVNEEREELE » MR/ EFE RV FIR
BR © 1BFE(sheep) RE — L H T PRI N ENPE 2R
ADPAS A B (404-methyloctanoic acid & 4-methylnonanoic acid) @ 35 LEfi%{sH
SERTFARGK @ MHFSERNEEESESIEER °

o - IESSY)E 12-methyl-tridecanaliE= fZ /430 uglkg @ 321K

QRS S EPFIRER 0 7ERE - MR NVHIEME - I
DEBRE - BLHARER  HEREEHESREEEN -
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5.4 FLAVORS FORMED VIA FERMENTATION

- HEEREM \uf%y?%ﬁﬂﬂikz E A tf%ﬁ%ﬁ%@%@
BYSEBEAEGo v 5640 | E)M ~ SLES ~ BE3) ~ 2R ~ 0R)E
REM @Eﬁéﬂ%’% o E%Ez‘%ﬁ@@%%#ﬁ?ﬁ%&i%%
PIRACEH - B AEIBRREERH RIS 3B 3RS 6 E M
RN o MIRNHIBE S SNBSS BV - MmiEEE
RSMERAMFETFIBIRATILFEL ©

© AEVREEEIFE S AEEAELKLEY o R5.35EME
YO EITH — L2 FE o

TABLE 5.3
Reactions Catalyz=ed by Miicrolees

A il e o
O acEativoem o TR o C=1C
Debydroscnation of CEOED
e boyrdnoecnation of CEL-CH

Fedivsc i Cleavagme of C-4C
Fiydnogenariom =0 IDrecarbeo xy latiom
Hyvdsogenation (=0 Dehondiraniom

AmimaticosTheaminarion

Isormerizatiom Halogenarion

EsterificationH ydrolysis Phosphory Eation

Somrce: From Tressl. R.. M_Apetz, R Acricia, K G

Grnemeswald, Flavor of Foods amd Sewerages, G Chara beom—
bous, G Imglee, Eds , Academ. Press, New Yook, 19T, 59
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Citrate Lactose

AL PEP 5.4.3 Carbonyls
CH,COOH
N . G [ e © IREAL &) make a particularly significant contribution to the flavor
\ i of fermented dairy products o 40A3 + HEA LSS ehfikkit,
OM el Crgdn. pooon CYIESEL A - BB RV SRR RARMAE S °
NAD NAD « Diacetyl (B buttery, nut-like aroma) 3| & REKENSEEHREL SN
NADH2 NADH, —7& o DiacetylZE 4 BIEI5EE 58S o
Malate l CHSCHOTPP+ co,  citrate
CH,COCOOH r‘chr;vscon——"-—cH:‘c;c;-opc.a:-b graloacetate
tNADHE % V tADP perW’aIE
CoASH ATaP }we
CHBCOOH decarbc\xylase
[ ] Lol acetolax:tars
CH{CHOHCOOH  CH;CHNH;COOH;  ALA—<+ CHyCOCOCHg 7~ CH;CHOHCOCH, aoetamehm PP gacetolacate
3! {:02 NADH, NAD NADH, co? rboxylase ng
NAD : Facetyl hd
CH3CHOHCHOHCHg 2.3-butanediol 4% acetoin %":‘J‘.{e—
FIGURE 5.8 Formation of various flavor compounds via fermentation of lactose and citrate. FIGURE 5.9 Formation of diacetyl during fermentation in dairy cultures. (From Hutkins,
(From Sandine, W.E., PR. Elliker, J. Agric. Food Chem., 18(d), p. 557, 1970. With permission.) 61 Illé:;: :P;ggdx?ﬁﬂ&?peﬂ:ﬁzﬁf?ﬁ E.L. Marth, J.L. Steele, Eds., Marcel Dekker, New York, 62
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5.4.4 Alcohols 5.4.7 Pyrazines
© BEEA EHERGISENV 0 BRIFREEES(ppm)SVER * Pyrazines:® % SEAMRNIFBE R ITBE - (BHRBMEMDE
Tﬁ@ﬂig—(@ﬂlﬂ l-octen-3-ol) o BSAGZK B4 2E VBV AN AR A CEA A o BN SR SE T 4 4 FBpyrazines (2-acetyl, dimethyl, 2-
JEIEBIL © ZES)HE LSS R/ EIEEIESAA o methoxy-3-ethyl, 2,5 or 2,6-diethyl-3-methyl, trimethyl, tetramethyl,
and trimethyl pyrazine) - E dpgY—LbpyrazinesfiS SARY AR OJ 45
54.5 Terpenes MBI IEAERY @ IR I REES B ERIFT R, ©
. ""Ez{#ﬁémgkzﬁ(mono and sesqu|terpenes)ﬂ]m$ﬁ*§;—m =S
S SSHEIA R IUERE o EARISA L IRIIRK 5.4.8 Sulfur compounds
%ﬁg{u(lspprene unit) (2-methyl-I,3-butadiene) » ©J ) 2 open chain, . MR AR A SIS S SN AY)  JEeE A sulfate -
closed \cham),(\s/aturated, or unsaturated, ] =75 O, N, 5 2 ° SIETE STRZE B (L-methionine and L- cysteine)ﬁﬁiﬂxz
. —éﬁiﬁgiﬁ’%ﬁgefpen%) EREEMEDES: - BE2HEM glutathione o SLE SARIEEMBR B LR R BES TS
SES35M E RIS HRMKT £ BiinEE o HRSTILESY) o
* Methionned RBELEZBSMERILEY » HPRBEHY
546 Lactones methional PEERIE, - SRkET 5 R SREVRE ° Met o] o

* [ (lactones %ﬁ%@?ﬁ@%é%ﬁ@@%ﬁ%?ﬁ@é%ﬁ el W0 ARBHES (yases) 1 FR A=A} methanethiol » ItAND EIES
SR e e o I e a a
SR BIEE tetrasulfides, and thioesters=5 o
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