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ínnílh?."?! lt*“* U”<1 ln *llll:*ry f««<llng ay.tcmi »r. often lee. 
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>ech«l« Tfi * "«•••»'y '<> l>«v. .0« knowledge .bout the 
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FLAVOR PRECURSORS IN MEAT 

ABSTRACT 

flavor la produced. Y ' *" *nd 10 elucldate the mechanism by which 

water^“«['of^roõnd^“^8 '‘h0K'd that th* portion of a 
fat, produced a "broiled steak^odor*'1 ''Jlch> when heated In 
a beef broth flavor and odlr Tb a’ d/h*n bolled ln “««. produced 
fr.cetnn .-,1 Í W Î ™ Th* of "«terlal Involved In thla 

,!?n“')rVP*PtldeS' *luco*'’ Phosphate, and Ino.lnlc acid 
mln.d AU.ontt' o r"p0,lti0" oi eh« ««vor fraction ha. been de t 
mined. Attempts to separate the phosphates for identification wr- 

.Ud:oUrS:rÓnUl.b^!ltchÍ-U00l>ted ph0‘phat* ^rtlTcliTZ be"' 
tlon waa adjusted to 9.5 ' Ul"n’ 'V'n “hen the pH of th« «dsorblng aolu- 

oot ,í^.:ííÂí.t^ísrr6íx:;s:t,th“the ph°— «« 

r..ulí^r^'í ■•par,tlon oi th* flavor con.tltuent. on SE-.eph.dex C-25 
Thîï írící? ! concentrated fraction of the odor producing mlî.rl.l 

^.UCîX.P^:\Vtr0"? 0d0r- but ‘ subsequent «ïno fc~ 
relation to previous fractions cont*nt “** *t««tly decreased, In 

chenlcal nat^he^n oSleT^ 



Report 

J.U n3îîe purP°8e of thls investigation was to identify and to determine 

Ind YulolTf 8U rHnCe8 ln beef WhÍCh 8lve l8e t0 ^»^able odor 
of research which h reported her®in was a continuation 

covring ^lfr««îrch ” t0 th* lnltl‘Uo" of th* 

of • w.t'r^ír^r^f b*'n ï“1® P!evl<JU‘ly th,t the <ll»ly«bU fraction 
produced I "Îrlîud /0Und 0t b"f cont*tn*d •ub.t.nca. which 
odor and ?1 br0il*d 8ieak odor when h««ted in fat, and a beef broth 
fr-rM«d íUVOi When b0iled ln Water- Procedures for obtaining this fraction have been published (1). ® 

A modification of the published procedure was used for the exnerl- 

n h®r®' ,nd “ *“ foU<”'*: 100() *• 'Óund of b«rP 

of cold wat«1 'íbráí0“’ fat' VM *r!'"Ul ®nd Ch®n mtx*d ,,lth 2 llt«r* 
3 hra Jith l’ T? i1Urry W*8 allowed t0 8t*nd in the cold (~5° C) for 
LÍm. T1 h 0“aaíonal 8tirring. The extract was filtered through a 
double layer of cheesecloth and the residue squeezed by hand. The 

repeíteedWa8TLer Wlth 1 Uter °f cold wat- and 8«® Procea. repeated. The two extracts were pooled. F 

lon.lT™rrrlP! °f,dl,ly*1* tubl"* (Vliklng, 23 wo. In dlawater 36 In. lttll !?th rUnnÍ?g Í,P M*ster for 1 hour- ‘ban in dl.tlll.d 
watar (static, with aevaral changea) for 30 mlnutea. 31» dlalysla 
tubing was than filled with distilled watar (.150 »1. In each tuba) and 
suspended In the extract which had been placed In 2 liter graduate> 
cylinders, and allowed to atand overnight (16 hrs. at 5Î.C ) n» 
di.ly.1. tube, were then renov.d from th. extr.c, , “. .«.¿lor Un.ed 

Tí ™Un? î T*'*’' V‘ry brUfly> *nd ch* content, of th. tub.rpUc.d 
.h.n f irJ'n"y*r fU,k* C"200 -I- i" each). I». aolutlê’s „„ 
fr -f!”“ by ro““n* Phe fl**k* in • dry-lce-acatone bath and then 
eeze dried in a Stokes freeze-drying apparatus A whlt« rrvat* 114,. 

ï««dr ::Mí2*dcin c^d iLwdu:.î;y::;iUb® 
The identifí8 -Y í11 U8*d- Matarial *t®ble for from 6-8 week*. 
«Î círrUd n*î Y *T °f th* comPon*nti contained In thl. fraction 
i“. i«íu nYY r*’U^‘ “*r¡! r<lp0rted ln * second publication (2) . 
As a result of these studies, three compounds were considered necesserv 
for the production of the "broiled steak" odor: a glycôprîtêin.nîê Y 
material consisting of amino acids in peptide chains associated with 
glucose; phosphorus, as phosphate; and inosinic acid. 

The material was analyzed for its amino acid content bv hydrolysis 

100° C ^d' , 8,hydr°chl0riC *cid °v*rni*bt in a sealed Lb. It 
anefvzer LLT. id ?/ hydr0lyz*Ce °" -tonetlc enlno ecld 
analyzer. Amino acids identified were histidine, 1-methyl histidine, 

T-101 1 
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i Gfîrine, and ^-alanine, 
ai l-:nctiiyl histidine were 
i/as assumed that these 

proline, leucine, isoleuciuc, alanine, vali 
oince tne eoMhin0j e.ole ratioc cf histidine 
prnctieaily tnc s. ::.e as that el ;1-Canine, 

qüent ^rWcír0^ÍaÍnadly Fr°“:nt “ and «uerino. Suboe- 

fi nT^Lrhî:n-fLrtbaipie=’artti cMDarison to 

Lrd at r from the fra'uon did 

(1) a seceond°^edre-f0r °btaininS the flavor fraction, as outlined in 

extraneous nmteriaí^Dutote^tít ®liminateii a lar«= amount of 
that would duplicó; finitt CaSin8 
lie this phase by modification of 1 ^ Were "ade to atandard- 
the procedure of Craig and Königsberg (îttt CaSingS accordin8 to 
in pore sise on dialysis canino*), t? v’ Aiter 811 apparent decraasa 
considerably móre ttaí l h ab°V9 Pr0'ad"a. «hen used, 

dialysis, but the "broiled stttdor was ^r^esfnrwh”' 
was heated in fat Vur-th**. -rT e. ! Present the material 
when it wasdotdhttta fîavt fn :t"!dify uthe faSinga were abandoned 
extraneous matial couÍd bfõhhl fh°lWith °nly a am*U “““t of 

The fraction referred to in t ), 7 ^ “* °f G-^ 
-200 mg. of material obtained hv^ bOÏ! paraSraPh was obtained from 

This amount was Sssouïad „ i^ml dL'tníT flrSt p c y ha m m iu ml. distilled water, applied to a 

The ^w^Z °rfef Ph1“ °h25’ and elUted “iti; diatilXed°water. 
of 3 ml. were coUectad “d ^ r’l0din W- Fractio"a 
taken, ^eadinrs were owL P ï denSUy °f each at 290 ^ was 
ed in 1'iEure 1C The tS!! ^ 0n giaph paper* A typical plot is '»resent- 
arrows“n Iha ^*1 «presenting the fractions enclosed by the ’ 

the "bronal^Âo^hTh^^d^uÎla-t01 T' ^ 
unstable and deteriorai-aH ai a. ltft fat’ fraction was very 
even though it had been freeze dried ro°|" te|"p®rature into a brown mass, 

slowed down by storing the drÜd^powdar afo^Fr^ís^rj^al^Lh 

fraetion^ontat ““ Stabl® f°r ^ ite ms 

findin .o of Wccd^rimpUcated1' ““"n °f phc,SI,horus and »i-o« the 
avent- in hr-^u, • ^ ^plicated sugar phosphates as the initiatinr 

S’.“.u;nfs n ss ?■< .srrs, *“S, 
adsorbed on a 2 5 X Uo ïl hydroxida* Thi£ elution was 
400 illh W * C0lunm of Dowex 1 resin» Cl form, 8X 200- 

washed rith í^ml d^0^1.8 KOlUtÍ°n PaSSed thrt”Jgh' the co1^ was 
then dpSied ^tíhnc h íu''3461'- A gradient elution was 

ire to^fhÄrchtrr :c\f 

»d Ss°3P e^eriTlíe^'br81 )f ^ -‘-dad -^^r d reeoTered in the adsorbing eluent and water wash. The combined 

2 - 
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™i^biïU1Uen\and*Wa0h ,BOluUon t,aa lyophiU«d. The material was 
quite atable, indicating tnat the cause oí the instability had been 
altered in come manner, or had been retained on the column. However, 
ItlL™ al“°.a'1 aPPar«"t decrease in the intensity of the "broiled 
The^nt^î- "hlc^was<.obtai"<!d when the eluted material was heated. 
The optical density of each fraction (10 ml) obtained by gradient pH 

" rea^ at,29° and tha solution in each tube was spot 
Phoa^o™Va y T í? aCÍd comPouada. ammonium molybdate for 
pe^Vrobu?„e¡Vno nPPUriw aCU f°r “^by^ates. Only on. email 
niWf btai"ed by °-D- readings. This material was negative to 
hWW t0">olybdate, but was positive with p-amino- 
fV«1 ld' 1118 “"b““* of saterial obtained from the pooled 
r étions, represented by the curve, vas too small to veight. No other 

“o!udiLCaU2 Nbh VW* in any b01'“10”8 aaargiag from the coIutaS, 
indudmg a 2 N hydrochloric acid rinse at the end of the run. 

Dowpv iG wo« ilit^°f lhe phosPhorus containing material to exchange on 
considered rather unusual, and was indicative that the 

tiniPR 6 gr0^p is not free. The column experiment was tried several 
g ^Cre^in^ high0^ PH*« of the adsorbing solution. No 

ppreciable adsorption occurred even when the pH of the solution was 
felt that the pH could not be raised above 9.5 because 

deamination began to take place. 

was T1*" Te¿° identÍfy the Sma11 »aterial that 
^teri£ elutlr? COluran by gradi*nt PH elution. Since the 
material eiuted from the column at about pH 4.4 was negative for nhoa- 

seemed might be a carbo^ic acid 
seemed valid. Micro tests on the freeze dried material showed the 

¡dtTviWitrVn- 1118 ^«b positive forsugar. V 
1 Í 8peCir^m was taken on a water solution of the material. 

A literat,aXÍmUm at,275 m}1 and a minimuin around 258 mp were recorded, 
lí» fatUr! a:ar°h/eVealed that a eimi^ar spectrum was produced by a 
2-carbo^pvrroíe neuraininic acid <6>* ^ter identified as 
thl n«uWy î Û JFurther exa®ination showed that the U.V. spectrum of 

e unknown matched very closely the spectrum published by Gottschalk 

test wíth“Sí?ryMrr0le* Unkw>wn material al80 gave a Positive 
noint Erhlirch1s reagent, for indoles and arylamines. Up to this 
staní’ theJTlt8 obtained «Wrongly suggested that the unknown sub- 
stance could be neuraminic acid or some substance similar to it. 

«rr.«-01! 8 °lci^01 r9aßent reacts with neuraminic acid to produce a 
With fh0l0ruhaVÍng T absorption spectrum with a maximum at 58O mu (8). 
íbTJ ufnown "’Stance, this reagent formed a dark green color 

identifíT™!! fOWed a raaximum at 660 As a further test, the un- 
dentified substance and neuraminic acid were both oxidized with perio- 

SaVenVcTVe 1‘h ‘biobarbif,rie acid according to the plVW 
Warren C9). The absorption spectra of the pink colored reaction nix- 

548elWebut Ï6?* /ïf of/eUraminiC acid had a single max^ at 
. t ^hat of tbe unidentified substance showed two maxima, one 

at 528 my and one at 450 The maximum at 450 could be Z ta 

T-101 3 
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mu^riMk 0r ac1^ the periodate oxidation. The r¡28 
my peak is characteristic of 2-deoxyribose, but a Kiliani test for deoxv 

i:ri2i:rr\;,ork 11 Ltm ^ toVZiTj 
not'a^e^ k 11 ’ °f the result3 °f the above toots, does not appear to be aeuraainic acid or ?-o.’.rbcxy.iyrrole. 

o i-.-ephadox C-P5 medium (Pharmacia riao 0,10..10013, Ine.) vas u-ed 
attempt» t° SOI,orate further the constituents in tie flavor fraction. 

bÎiefiv k reC*i7d' tre-'tl:d i" 2 N sodium hydroxide by stirrinn 

column ks X * m' 

Ti "T*1 ¿00 ^oí of 
column. eCcoÄ ÄÄÄ ateÄ" ?* 

minÚ “^"m0011004011 at 3 fl°“ rat3 of approximately 3 mí! per 

graphepaPer?CtA°typical X "oï^el ^ X and readÍng3 re0°rded on lí , * typical plot of the curve is presented in Fisrure P 

te^VHd,:iaÍ-fr?CtÍOnS Wer° freeze“dried in the collection tubes and’ 
tested individually for the broiled steak odnr Tir! Q ^ v t 

0f raaterlal from each tube on 3^0^3115 on^" 
Fisher melting point apparatus held at 145° C. temperature Several 

wasSfuund T ^ ^ ^ "roUed 
of thi llit X rcî !ûS r8Fre33nted by 3 fractions on either side 
Fleur« ? fc polnt of the 'alloy between the two peaks depicted in Figure 2. (See area marked by arrows). opuueeu in 

"broiSd ítXn0,"^ ir°m the S&-SePhad8Jt 0-25 run, containing the 
-n?~: d 3t3ak odor “pro examined by thin layer chromatography uoinr 
silica gel G according to Stahl. 200 X 200 mm. plates were Xd 

acid-water Ä^y15 Sfdí^dVS^ ^ huUncXa^etic 
with ninhvdHn (n / ‘ ^ ,ried Plates were sprayed sectionally 

di^henySX rL;f t hof :ne> aCidS and p3ptid83- 
followed by exposure tí U)v ïimhfr?’ *°h ara”°niu”1 "“lybdote reagent 
depicted in Fivi.r» 7 ' u'v' light, for phosphates (10). Results are 
with those fraf ïrVk ln C0Tparlng the results of these chromatograms 
interestino^to”1 ^ SateS °f the fractiOT from Sephadex 0-25 i t was 

posnivfmftíriü Ld kaPParent ?erreaSe.ln the amount of hlnhydrln 
material Df f fv, • 6 aPParen^ large increase in carbohydrate 
Uve s^k °L^Xer lnkereSt WaS the “Ultiplioity of phosphate posi- 
fied as glko!e a„de»Ca ydrate materlal had been Previously identi- 
formed to determine whethXaXof thT chromatography was per- 
nhate «qf-fir rm.- . ny of the glucose was present as a phos- 

of XtmÍ^klX Syk^ 0kBieleSki ^111 Youne (ID was used. Sheets 
0.1^ b”X Luer^H frhP 7 !rade ÍÍUor Papar ''a''8 "aahed with 
spotted with vi,ff P? 9,-5 and dried overaight. Duplicate sheets were 
3p°‘*ed wdth Slucose-l-phosphate, glucose-6-phcsphate, glucose, in- 
Chromatr,P °sphate (dibasic sodium phosphate) and the Sephadex fraction 
Chromatograms were developed in 95¾ Ethanol /DIM „ho ok reaction, 
buffer (67/^ vtv) It V anoi / u.l H, pH 9.5 borate 

1er vtv;. One chromatogram wan checked for phosphate with 

T-101 
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sugars“” the 0th0r “ith Milins-dlphenylamino for 

G-l-P 

G-6-P 

glucose 

Rf values were as follows: 

Rf with 

Phosphate Reagent 

.31 

.18 

Streaked .28 

1’ raction Seph. .15 

Rf with 

Sugar Reagent 

.29 

.14 

.40 

.40 

not ole of f!!Í.nd Cate that the SUgar Pres«nt is free glucose and 
tu! V Vîu8p estera’ 8ince the eugar 6P0t «»atched that of 
the contro! and the phosphate positive spot was considerably below that 

svatîm eUfar’ 0f. further interest is the observation that in this 
°nly öae PhQ«Phate spot was evident as compared to a number of 

uSP! ? ln ® butanol-acetic acid-water system on the TLC 
material.W°rk ±B continuinS in «ff°rta to identify the phosphate 

tive fr0m the 110 exPeri,n®nt that the ninhydrin posi- 
thlre al^î i V d#Creased considerably, was of some oonoern since 
ooníln!!!? u ï® * general agrae,n9nt in the literature that a Maillard 
tion rXu° aCida ^ 8Ugar3 is involved in flavor forma- 

had occSred ^ am/ ^ & T1 1088 °f ninhydrin Positive material 
vhe SE SEPH^/ c!^/? aCf? ^ í!iS Waa rUn °n acid hydrolysate of vhe 8E_SCTHADSC C-25 fraction. The hydrolysate was prepared by heating 

ruction with constant boiling hydrochloric acid, in a sealed com- 

i!¡3 tabe ab -1°0° C* for 16 hrs. Results of this analysis are shown 

nh//1! 1’ 8h0W a definit9 1088 of s^ino acids, compared to those 
n*vZ p^ev^U8ly‘ If the Maillard condensation is involved in 
lavor production, it is difficult at the moment to reconcile the ap- 

P rent increase in the "broiled steak" odor with such a drastic de-P 
crease in amino acid content of the flavor fraction. Considerably more 

be d^ÍOn WÍ11 h8Ve ^ be obtained before ^y final conclusiow/can 

T-101 - 5 - (continued) 
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Figure 3 
THIN LAYER CHROMATOGRAM 

OF FRACTION FROM SE-SEPHADEX C-25 COLUMN. 

N = NINHYDRIN 

DIP = ANILINE-DIPHENYLAMINS REAGENT 
P = AMMONIUM MOLYBDATE REAGENT 
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Table 1 

Amino Acid Analysic of 

SE-Sephadex C-25 Fraction 

Levulinic acid 

Aspartic acid 

Threonine 

Serine 

Glutamic Acid 

Proline 

glycine 

alanine 

valine 

isoleucine 

moles 

1286 

0.40 

0.06 

0.03 

0.54 

trace 

0.84 

trace 

H 

if 

leucine 
h 
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