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Summary 

Wat~r-soILlble li·actions (WSfs) of various types of cheese we r,e cumparat ively 
investigated to chara,terize components that may cOlllrihute 10 cheese flav<lur 
'WSF of seven types (Cheddar, Edam, Gouda, Gruyere, Maasdam, Parmesan and 
Proosdij cheese) was prepared by homogeni:dng grated cheese with water In a 
stomacher and by removing remaining solids wi th. a centrifuge. WSF was frac­
tionated by serial ultrafiltralion (with memhrancs of diffe rent molec'ular weight 
cut-off). followed by ge! filtration ~nd Scp-Pak C18 chromatography. The frac­
tions were analysed by rcversed-pha~c HPlC, gas chromatography, amino ac id 
analys is and sensoncally. Low-molecular-weight «500 Da) compounds were 
re~ponsible for flavour in WSF. They might be small peptides , amino acids, free 
fatty acids or breakdown products of such compuunds. 
Key-won!.,, : ...:h('csc n"h)l1r; uJ rra littrmion; amml~ :.l-C.lds: peptj d~s ; fatty ilclds 

1 Introduction 

The maturation of chee~e and the reSUlting development of tlavour is a compkx 
process . Despite ex.lensive invesligation, the compounds rcsponoibte for flavour 
are stil! largely unknown. 

During cheese ripening, the main biochemica l e vents yielding compounds 
that contribute to Ilavour are proteolys is, lipolysis and carbohydrate break­
down. 

Proteolysis is governed by a variely of enzymes fTom differe nt sources (I) 
Chymw; in is used for cllrd forl1la l i~)n and in several types of chl!cse it con­
tributes significantly to ripening as well. The indigcllous milk pTOfeinase plas­
min is also thought to p lay some ro!c in ripen ing (2), The, major source of prote· 
olytic enz ymes involved in cheese ripen ing , however, is considered to be the 
starter culture lacti(' acid bacleria (! , 3,4). Milk proteins (caseins ) are hydro­
lysed by the action of these proteolytic enzymes, y ielding peptides of different 
chain length and amll10 acids. These peptides and amino acids arc tbought to be 
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a~s()ciatcd dircctly with development of desirable (5) or undesirable (6) taste 
and aroma, or to act as preCUf50rs in subsequent reactions (7,8). 

The water-soluble fraction (WSP) of ripcned cheese contain, components 
that make a major contribution to the intensity of cheese tlavour and it has 
therefore been studied extensively. Cheddar cheese has been most studied and 
various methods have been described to obtain WSF from this type of cheese (9, 
10). Some workers used gel fi ltration and HPLC to fractionate WS f' of Cheddar 
cheese (II, 12, 13). Aston & Creamer (14) extensively analysed components of 
WSF and asscssed tlavour. Others IHlVC also studicd water-soluble fracttons 
from Provolone cheese (15). Vacherin Mont d'Or cheese (16), Appenzeller 
chee5e (17) and a Gouda~typc cheese (IS). 

Tn the present study, water-soluble fractions of seven types of cheese were 
compared to find the contr ihutinn of their constituents to eh"",,, flavour and 
tlavour differentiation. 

2 :\'Iateriah and Methods 

2 I Cheese samples 

Dat,1 ,Ibout the cheeses used are summarized in Table I. A cheese of each type 
was selected of normal age for consumption. 

Cheeses were tasted by five experienced cIJeese graders before further 
handling and were found [0 be of good quality. A sector of tach of the ch,'<:ses 
was grated (H obart l1lodel 4812, Ohio, US) and the grated cheese was stored at 
- u; °C until further investigatl(lI1. 

2~ 2 {(x/rae/ion 

The grated cheeses were extracted as outl i ned in Figure I. WS 1', designated Su­
pernatant I, was acidified to pH 4.6 to precipitate protein and other high-molec­
ular-weight material. The fraction soluble at pH 4.6, obtained alier re-centrifu­
gation, was designated Supernatant [I. Acetic acid was removed by freeze-dry­
i ng and the residue was redissolved in the original volume of distiHed water. 
The cheesc-Jlavour intensity remained esst.:ntiaHy unaffectcd by this mild treat­
ment. The upper fat layer, Protein Pellet 1, Protein Pellct II and part of thl: Su­
pernatant T were stored at -18 .or. until further analysis. 

2.3 FractiolJalioli 

2.3.1 UltrafiltratiolJ (UF). Freeze-dried and redissolved Supernatant II was 
further [j'actionated by ultrafi ltration (Figure I) at 4 °C in a stirred-cell type ul­
trafiltration module (Amicon Corporation, MA, US), operated under a nllrogen 
pressure of 3UO kPa with Amicon Diano membranes YMS (5000 Da molecular­
weight clI(-on~ MWCO) and YC05 (500 Da MWCO) in slIccession. The reten-
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Table I. Relevant data (1f the variDlls rypes of c:hec:s.c. CH , S\\.';I(!:ertand~ IF~ heland; ]1', Tt(~ly~ 

NL. "\Ietherli-mlb . 

Type Origin t\g~ Starter 

Cheddar IE 6~ mon ths O~ stf1 rter 

Edam 1'1. 4 rnunths L-starter 
GOlld~ KL 6 months DL-,tarter (cllde Bll') 
Gruyere l' I j 4 .5 nH)r~Lh$ t"om"'philoo I"ctobacilli 

thermophilic '.clococcl 
M<l.a~am NL 6 w('~ks DL-.tarter ("<Ide Rus) 

propioni c .:\cjd bacTcria 
Parmcs::tn IT 2 yo.1[5 tbermophilic lactobacill i 

thennophihc lactococci 
Pro<>sdq NI. 6 monrh' Dl-starter (code Bos) 

llon-\u,; idifyi:ng thermophihr.: ltlclobac-Ilh 
and oth~r th~J'm{l-phHjc organism~ 

(luuda lOt NL ft· .. 12 we:eh DL- , ~1rter foode B,.,) 

tates were repealedly washed with distilled water and refiltered to free them 
from the lower-molecular-weight components. 

2.3.2 uel filfrution. The Ur<500 fraction (FIgure I) from Gouda cheese \Va, 
separaled by gel filtration on a glass column (I5 mm x 1!20 mm) with Scphadex 
G-IO (Pharmacin LKB Biolechnology AB, Uppsala, SE) at 4 °C, with NaC! 
0 .01 >vi as an eluent (flow rate 20 mLih_ volume of fract10n 5 ml). Portions of 
140 mg of freeze-dried UF<500 material in 1.5 mL of water were applied 10 lh.­

column. Ao>orll"tlce was measured with an lKI3 2 J 38 Ovicord S at wave length 
280 nm (l'harmacia LKB, Oppsnlu, SE) and the e lution position of salls was de­
termined by measuring electrical conductivity (WTW IF Digi 550. Wcilheim, 
DE). Apprupri'llt) fractions were pooled and freeze-d ried. 

2.3.3 Sep-['ak C IS chro/llalngraphy. Pre-packed Sep-Pak Plus C18 Environ­
mental cart ridges (Waters-Millipore, MA, US) were used to fractionate the 
UF<500 material from the various cheese>, Two cartridges were linked and 
loaded wilh 40 mg of fn;czc-dried product in I mL of water. The cartridges 
were eluted with water-ethanol by increasing the volume fraction of ethanol in 
four steps Irom 0 to 0 .2 . Final elution was with pure ethanol. This prvcedure re­
~ultcd in five fractions, C 18-1 to CH -5, The clut:ot was removed by evaporation 
under reduced pres~urc (Biichi Rotavapor-R, f1awi L elf)_ 

2.4 Analysis 

2.4.1 l-ligil-Peljill ·mance Liquid ChmmawgrapiJy (HPLC'j. The HPLC syslem 
used consisted of an ISS-l 00 Perkin Rimer automatic sample injector, two Wa­
ters M6000 A pumps, an AGe Waters type 680 gradient controller, a KJatos 
783 {IV detector operating at wavelength 220 nm and a Waters mode l 450 UV 
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grated cheese 30 9 + wat",. 60 mL 
I - homogenize 5 min in stomacher 

homogenate 
- stir 60 min, 30"C 
- centrifuge 30 min, 3800gn, 20 "C 

r-~----L------, 

fat fraction + Protein Pellet I Supernatant I 
- pH 4.6 acetic aci d 
- centrifuge 30 min, 

30000gl1, 20 "C 

Protein Pellet II Supernatant II 

UF<5QO 

UF<:5QOO 

- freeze-dry and 
reclissolve 

- ultraf ilter 
(MWCO 5000 Da) 

UF:.SOOO 
- ultrafilter 

(MWCO 500 Da) 

500<:UF<5000 

L'igurc 1. E-;.;trm.::ti(Jll o~ ' grated (;hC'~sc and frn ctlol}atlun of the eXlrilC:! . 

detector opemting at wavelength 2!)O nm. Th, equipment was linked 10 a Wa­
ters Maxima &20 data acquisi tion llnd processi.ng system. Samples were chro­
malographed at 30 cc on a Bio-Rad HiPorc RP- 3 J 8 reversed-phase column 
(4.6 111m X 250 mm) preceded by a Bio-Rad CJ~ cartridge guard column 

HP LC Solvent A con ,j s tcd of acetolll tri I e/w atcrltri 11 uoroacetic ac J d, 5019501 I, 
by volume. The components wen: separated by a 63 min ~tcpwise linear gradient 
of Solvent 13 (aceLOnitriielwateritriflu(Jn)acetic acid , 95U15010. 7, by volume) Ln 

Solvent A from 0 to 2 % Solvent Baver 10 min, isocrat ic at 2 % Solvent 13 for 
5 min, from 2 to 5 % Solvent 13 over 5 min., from 5 to 40 % Solvent Baver 33 mill , 
from 40 tn 60 'Y<, Solvent B over 5 min and lsocratic at 60 % Solvent B for 5 m in 
(volume percentages throughout). The flow nlte was 0 .& mUm;ll. 

2.4 .2 Amino acid analysis. Ammo acid compositions were dckrmincd on a 
4151 Alpha Plus amino acid analyser (Pharmacla LKB, Uppsala , Sf! I Total 
amino acids were dclcrmined after hydrolysis o f the samples with Hel 6 M tn 

cvacuakd tubes nt I W °C for 24 h. 

2.4.3 Estimalion of tree .ratll' acids. UF<5UO fractIOns (10 mL) were treated as 
described by de Jong and Badings (19) to estimate free fatty acids. 

2.4.4 SensOIY wwlysis The var ious fractions were evaluated by a panel of five 
or six experienced tasters. During round-table discussions, the panel members 
tasted 400-IlL portions p lnced directly on the longue, after two- fold dilution 
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with di~tillcd w <l ter of each liquid sample shown in Figure I . The o\~rall 
Ilavour quality and the cheese-flavour intensity were scored. Overall f1a~llur 
quality meanl general appreciation. nuring each sts~ i ol1, 110 more than six sam­
ples were <\sscsscd. General appreciation was scored on a scale from 3 (very 
poor) to II (very good) ,lnd cheese-flavour inlensity on a scale f/'(lm 0 (none) to 4 
(vt:ry strong). 

The t\;sts were 'blind' and the taste of the cheese fractions WilS assessed 
taking the de-acidified Supernatanl II of the corresponding cbeese as rd'crcllce 
(FIgure 1 t. The Dverages of the individual scores are presented. 

Since the salt was completely !ransierred to the permeates during ultraJiltra­
lion. NaCI was added to the retcntates in order to restore its concentration to 
that originally present in Supernatant II (NaC! determined by Mohr titra tion) . 
Fat and protem pellets were freeze-dried and resuspended in distilled water. 

Gel filtration fractions (Seclion 2 .3 .2) were tasted after removal (>1' wilter by 
free:te-drying and subsequent dissolution of the dry material in 2 mL of distilkd 
water. The ,arne procedure was follow ed with St.!p-Pak CIS fractions (Section 
2 .3.3) after evaporation "fthe eluent. 

3 Results 

3. J F/'I./clio/ll.//Uin and I<lsle el'tJiliatioll 

Extrac tIOn of warer-so luble components from cheese and subsequent UF skps 
resLIltcd in various fractions suitable for flavou r ussessment. Lest we inl1uence 
the tlavour, we avoided the usc of buffe rs and organic solvents during this frac ­
tionation . \lmvever we had to add acetic acid to precipitate protCll1S and to 
Ireeze-dry to remuve the acid (SCC110n 2 .2). So tests were arranged to evaluate 
the effeCT of these treatments. Taste trial ~ revealed that ollce-only ac id ificallon 
with 3('ctic acid and subsequent freeze-dry ing (Section 2.2) or rotary evapora­
tion (Section 2.3.3) of the fractions had only a minor effect. 

The fat fract ions and Protein Pellels I and II (Figure I), after re511:;pcn~lOn ill 
dIsti lled waleI', were organoleptically assessed. The protein pellets were always 
almo~ t tu~tck~" and odourless. whereas the fat fractions possessed a bUllery 
aroma. The flavour of the water-soluhle Supernatant II fractioLls of all the 
chees\)s wa~ described as cheese-like. Moreover, the taste panel memhers recog­
nized some ofthe SupernCltant 11 fractjon~ as originating trom the corresponding 
cheeses. Gruyere. Gouda and Parmesan. 

The h ighest average values among water -soluble tractions for overall fl avour 
quality and ehccsc-tlavour intensity (Table 2) were for the UF permeates, ex­
cept for the fract ion originating from Edam cheese. 

The UF<500 fmct ion from Gouda cheese was further fractionated by 
Scphlldex G- 10 gel filtration. Because the eluent fractions were 10 be organo­
leptically tc,tcd, u~c of saIL was minimized in the el.uent. A~ a consequence. 
some iOlllC interaction between sample components, e.g. tryptophan, and col-

Anh (:' rj ruui/.' ,. ... filk & Dairy JOj(l'nu,l 48 (19t)4) 1Jl 



WJ ,\I F:ngels. S. Vr.,,"," ,· 

Tahlc- 2 . Average flavour Sl '() rCS o f water-solu ble rra (~ltOnS , F(~f" de fini tion (tf s,('3Ics sc:t: SI.'-(,­
lion 24.4. 

Cheese Fraetion 
typ e 

Supern atant 1I Li'> 5000 UF<5000 500,' UI' <·5(01) l;j<,r,l) 

overall cheese Q,,-eru ll cheese ovcral1 cht:t'sc overall Ch('C 5C m' e-rall cheese 
flav our !lavonr llav~lu L' flav~lur Ilavour flaVOllI' fla\'"our n avour flavour tlavlHJr 

Cbeddar 6.8 12 ~. 2 0.2 6.3 1 0 5.5 0 .1 6_5 1.0 
Edam 6.1 0.5 53 0 6.1 0.6 5.6 () 2 .i.7 <) 1 
Guuda 6.5 1.0 5. 1 0 66 0 .9 5. 3 0 .2 6 2 ('.8 
GNlyere 7.0 1. 5 4R 11 2 0.5 1.5 5.3 0.3 (j. 5 j 3 

Maa,dam 61 14 5,] 0.] 65 1.4 5.5 0.4 6_2' j I 
Parmesan 7.0 1.5 5.6 11 .2 69 1.4 5_3 0 b. 6 j 3 

Proosdij 6 .5 J.5 5.1 11.4 ().5 1.6 5.2 03 (,,4 14 

umn material remained, so that separation was not ~Iri c t!y on Ihe baSIS of 
molecular size . rigure 2 sh ows a gel filtration P,\ttCfll of the UF<500 fraction of 
Gouda cheese and electrical conductivities, indIcative of th~ el ution of salts. 
Scnsory analysis foll owed solution of the frecle-dr ied malerial in dislI lIed wa­
ter (TobIe 3) and showed the cheese-like flavour mainly in onc pool. comprising 
Columll f ract ions 9 to 13 . Thc,c fractions wntaincd about" quarter of the salt 
in th e UF<500 fraction loaded ontu the column (iotal salt content in Ihe Uf < 500 
fraction from Gouda chee se 7 giLl (Figure 2). The pooled Fraction , 1 10 8 
lacked cheese fl avour. even after addition of NuC l lo 7 giL. 

Absorbance . A 0! 20:l" E l e~tr ica l ~ondkct ivi ty ( ~S ) 
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Figure 2. Sephadox 0 -10 gel filt rat;I.»l chrom. togrom of rile IJF<50(1 fr",I; ,," rrom Go"d, che<,se. 
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FltlFO}{r componenl.v oj cheesE.' \0' 

T~hle 3 Resl1lt~ or~(':n.~ol'y analysis on Scphndc'I. G-10 gel filtration pools. orig;inatlllg from Gnudd 
(h('t'~(,_ Fnt dcfinLtion of 3c.alC"5. ~l:C SecTion 2AA_ 

O.imbiocd fractions 

UF< '00 [reference) 
0·10 11l' 8 
G-IO 9 to- I J 
0-10 14 to 19 
(;-10 20'024 
(i-IO 2~ to .,0 

Overall flavour quality 

(,,5 

48 

" R 
4.2 
Sg 

U 

Cheese flavour lntenl'ily 

1.0 
0.2 
t 5 
02 
02 
o 

Tahlt:' 4_ R("~ull~ of ~cflSory f1.na£ysi~ ('In Scp-Pak CHI fracTIons ariginming from Gouda chet:':i!;!. Fnr 
definiliml of ~t..'aks- sec Section ~.4.4_ 

trF·' SOO (refert'Hc-{') 
(',,-1 
(',,-2 
C,,-3 
C,,-4 
C ,,-> 

Overall nHV0Uf quality 

6.5 
1.0 
4.5 
),0 

5.0 
5.0 

Cheese' flavour Intensity 

LO 
2.0 
o 
I) 

o 
o 

Besides gel !illration (only on the Gouda cheese UF<500 fraction), Scp-Pak 
C) ~ chromatography was used to fractionate UF<500 material ('rom vanous 
types of cheese . For Gouda cheese (Table 4), only the first eluted fraction pos­
sessed a cheese flavour. The same results were obtained for Cheddar, PUrmcsan, 
Gruyere. Proosdij and Maasdam (results not shown). UF<500 from Edam 
cheese was not further fnlctionatcd, 

J. 2 HI'LC and analysis/or amino acids 

HPLC patterns for UF<500 fraction~ were similar for llillhe cheeses (FIgure 31. 
The composition of the main peaks was determined by analysi8 for amino ,Il',d, 
after collecting the peak malerial at the oullet of the UV detector. The peaks at 
6.7, j 1.7 and 25.2 nlln were due to tyrosine, phenylalanine and tryptophan, re­
~pcct'vely, 

Because most amino acids hardly absorb radiation of wilvckngth 220 nm, 
UF<500 fractions fr1m1 the various chcc,es were analysed for amino acids. The 
concentrations of free and total amino acids were measured (Figur~ 4), In all the 
UF-cSOO fractions, frcc amino acids were the main components. The individual 
amino acid profiles (not shown) werc Si'llil"r for alllhe cheeses. Gltllamic acid. 
leucine and phenylalanine were the major amino acids in both ('rcc and lotal 
amino acid fractions, Valine, proline and lysine were also quite abundant, No­
table was the prc~cncc of non-casein amino acids like y-amino butyric acid and 
ornJ1hine in the U F<500 fractions, The concentration of tOlal amino acids was 
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liigure ], Re",ersed-phase I ligh~rcrfo rmance lu.{uid c-hromatogr'rlms of tW···5no fral'lil)n:Ci fmm 
cheeses.. T ypc:; of cheese: I. Cheddar: 2. E'llam; .~ , Gnlycl"e: 4, M;la~darn~ 5. Parmesan : (\ ProosdlJ: 
7 . Guuda. 

higher than of total free amino acids in all the samplc~, indicating the presence 
of peptides (Figure 4). The small peaks between 30 and 45 min in the chro­
matogram, of Figure 3 were probably due to these peptides. 

Maasda m, Cheddar. Gouda and Edam cheese contained about the same mass 
concentrations (g 1.,- 1) of free amino acids in the UF<500 fract ion (figure 4) . 
\"7 0 1' Gouda und Edam cheese. the concentration of total amino acids in the 
UF<500 fraction was somewhat higher than for Maasdam and Cheddar cheese . 
U F<500 f'metions from Gruyere. Pro()~dij and especially Pannesan cheese cun­
tained the highest concentrations of total amino acids . The proportion of total 
free amino acid~ in the U F<500 fractiolls of these cheeses was. however. ,light­
ly smaller (figure 4), indicating the presence of somewhat higher concentra­
tions of small pcptides. 

Reversed-phase HPLC profile, of UF-fraetions from Gouda and Proosdlj 
cheese (both about 6 months old) were compared (figu'rc 5 I. The absorbance 
profi le aL w<lvelength 220 nm of the 500<UF<5001l fraction from Proosdij 
cheese (made wi th lactoco,;cI and lactobacilli) (Trace 2 in Figure 5) differed 
markedly from that of the corresponding fra ction from Gouda cheese (made 
with lactocoeei only) (Trace 5), particulurly in the region 30-45 min. where 
I~rger peptides eluted. These larger pept idcs broke down faster In IJroo~dij 

eheeHe than in Gouda cheese, 
The combined Sephadex 0-10 Fractions 9 to 13 from Gouda cheese (Fig­

ure 2) contained about half the peptide material of the U ~ < '500 fraction (Figure 
61. as calculated from the ratio of free to total amino acids. The combined frac-
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bons I to l) completely lacked che"se l1avour. Furthermore, the removal of this 
1-8 pool (Figure 6A) from the UF<500 fraction had no discernible effect on the 
cheese flavour o j' the remaining material represented by the 9··13 pool of 
Figure 6B. 

Reversed-phase analysis of Sep-I'ak Cl8 fractions from UF<500 matl'rial of 
Gouda cheese revealed that only strongly hydrophilic peptide!; (retention time 
<.' 10 min) were present in the fradion with cheese flavour (CIS" I, Figure 7). 
Thcsl: pcplldes represented about 10 % of the total amino aci d ~ III fraction 
C j ~- 1. More hydrophobic pcptides (retention time > lO min) were possibly pre­
sent in subsequent C IH fraclions, whkh, however, lacked navour. 

3.3 Ana/l'sis /orjree,lfllll' acids 

Hcsidcs amino aeid~ ~nd peptides, v(llalile compounds, s llch as fatty aCids, oc­
cur in WSf or c·heeses and Iherefore in UF<500 f ractions. The presence of 
volalile compounds in these fractions became especially ev ident during ,emory 
te~t" . Almost all the samples with a chcc~c-like taste possessed a 'cheesy' odour 
as well. 

Only relatively short-chain frcc ratty acids «C9) were presen t in the UF<· 500 
fr~ctions (Table 5) . Gruyere, Maasdam and Parmesan cheese cnntained the . - . ' 

highest amounts, C3 and C4 be ing the major representatives. For comparison, 
free fany acids were also dete rmined in the UF< 500 fraction of a low-fat Ch Cl"(, 

(Gouda, 20 f). 

Mass cor.:.cer,, '.-,fH::-.io:1 of amino acids (g ! L./ 

n 0 = 110 
[! T S ~ P G A V M - L Y F a H WOK R 

lr-----------------------------------, 

2 

1 

B 

DTSEPGAVM TL YFB B WD K R 

Ami no acid 

Figure 6. Mas!) ~l)n(;cn­

tr(Jt~ons of fret' fTLllcd 
bars) and hJta l I rrc~ + 
pc-p lidc-b(\uIlJ _~ (o pen 

bars) amirul aClds. m 
Scphadex Cj- It! J nte1L(ltl:j 

I -~ tAl and I f.il ' t hJflS. 

9-1 .1 (8 ) from G"U"" 

Ooe-Io((or codo, I ~O I 
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ti lJfi or amlllo ac ilb . R 
y-ami llC"lohllt)'nc acid : 0, 
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CotlCelltn.1til)" of free: T 

mciud.> .h". of fro< Q 
klnd r..; (-': \l -t"rtlUn~ 0 11 till: 
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:-.p\:C ll\:~ COllcen t ral i,)ns 
of 10lal E and J) indudc 
10([11 () .nn d t.. ....... ·tdch arr;; 
("om.:crretl hy a~. ld hy­
drolys is. 
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4 Discussiun 

WSF makes a major coniriblltion to the intens ity of the cheese l1avour (9, 14). 
Several studies have been devoted to the frac tionation and analysis of WSF from 
Cheddar cheese ( 11- 14) . Our study revea led that UF<500 fractions ofth~ cheeses 
cotJtained [he components responsible for cheese fl avour, except in Edam cheese. 
This finding agrees With those of other workers 011 the frac tionation of Cheddar 
cheese ( 14) and CornIe cheese (21), in wh ich components <:1000 Du and <500 Da. 
respectively, proved responsible for cheese !lavonf. The pcptidcs and proteins in 
the Uf >500 fractions do not contribute directly 10 the aetllill flavour of the 

Table 5. Free f3rty acid::; in UF ... ·.-500 fral,;l iolls from variolls types of t,:hcese. C{)[lcemrat intls in J..I M 
c.J :O, prop iDnic acid: C40. h UlyTIC aoid; C.·UI iso, j,obmyric aCid: ('5 :0 i"., ,>ovalerie ,cld : C6:0, 
caproic aCld ~ C8:0. cflpr~ l jc htiu. 

Cheese type U :U ('4:11 C4:0 iso C5~O iso Cld) C8:0 slim C) CH 

Cheddar R 7J 0 () 7 0 K~ 

Edam 19 64 35 93 [0 I) 22 1 
Go uda 1.1 146 7 l' -" 17 0 205 
Gruyere 1343 17 16 27(. J 98 47 ) 78) 

M, asdam 9122 01 (, 45 12 I n~) 

PannesaTl 46 1156 7 134 3 1.141 
ProQ~d .j 15 11 4 4 10 20 1 1M 
Gouda 20- S 21 5 19 5 0 '58 
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cheeses. The deviant results for Edam arc nlll fully explicable. 1110ugh the protein 
pellcts from this chc~sc were devoid of a cheese-like flavour, association of 
tlavour components with protcins O[ larger pcptides could have been respon~ible 
i(lr the loss or flavour of WSF. However rep eated ex traction of th"se pdlels '" ilh 
distilled " 'Uler did not result in WSF with cheese flavour. 

Tile UF<500 fraetion~ of the various cheeses include low-molecular-WClght 
pepticles (probably not larger than tctrapcplides). amino acids and further brea'k­
down products . Their formation results from th, action of enzymes fmm milk 
and lactic acid bacteria (1. 22). The larger amounts of peptides and free amino 
acids il\ UF<SOO fractions from Gruyere, Proosdij and Parmesan cheese than 
those from other chcescs were probably dtle to the action of lactobacd Ii, which 
can produce larger amollIlts of amino acids than luctocllcci (23, 24). For Parme­
san cheese, the grcah;r age also C(miribllies 10 the higher concentratIon of free 
amino ac ids. LaclObacil1i are resp.onsiblo f (IT ·it higher rale of break-down of 
larger p cptide~ in 500<Uf<5DOO frac.tions of Gruyere, I'ro()sdij and Parmesan 
cheese. The higher production nlte of i'ree amino acids In these cheeses may. to­
gether with other properties of the lactobac illi, 11eco unt for the con siderable dif­
ference in flavour characteristics, Though free an1ino acids werc present in the 
fractions with a chcc~c-like flavour (UF<,500), their duect contribution (0 (he 
actual cheese flavour is probably limited (25) . Free amino aCIds more likely act 
as prccursor~ for cheese llavour compoul1dB; both enzymic and nOll-enzymic 
processes may contribute to the ir break-down (L 26). So there is not ncctssan ly 
a re lation hclwccn cheese flavour and concentration of total Cree amino acids. 
which is further illustrated by di fferences in flavour between cheeses with al­
most the same concentration of free amino acids (Chcddar, Maasdam, Gouda. 
Figure 4). The presence or non-casein amino acids. such as y-amillobutyric acid 
and ornithine, in the UF<500 fractions clln be ascribed to enzymic conver5ion 
of glutamie ac id and arginine. respec tively ( 15. 27, 28). 

The role of pept ides in the UF<500 frac tions in relation to !lavour IS not 
clear. The pooled Fractions 1-8 of the Scphadex G-lO separation, and the Scp­
Pak fractions C 1~-2 to C ",-5, conta ining main ly ~mall pephdes, lacked cheese 
fl avo ur (typical examples in Tables 3 ilnd 4) . Sevenli authors mention small 
peplides as direct flavour componcnt~ in cheese (5, 16,29). Our results wIlilthe 
~hccsy flavoured Fractions 9-13 of the Sephadc)( G- ! 0 separation and the Scp­
Pak C I ~ - I fraction of various cheeses indi cate that the di rect cllntrihution of 
small pepti des !o the actual cheese flavour is probubly limited. 

Sma ll peptides and am ino ac ids must bc mainly respollsible for basic flavour s 
(t· .g. brothy ( 14), ~avo"ry (30) . sweet (31 , 32), bitter (6), sally), on ...... htch actual 
c heese Il avours are superimposed after ('ormation from amino ac ids by enLymic 
or chemical pathways, or by both. 

Only sh ClTt cT-chain latly acids «C9) werc present in the UF<500 fraction s. 
They could influ ence flavour more than larger fatty acids (>C8) (33 ). The large r 
fall y ac ids, wh ich are certainly prC5cnt in cheese, are most likely retained 'in the 
fat lay<:r during extraction. 

lJR 
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Parm~san and Gruyere cheese contained relatively high amounts of free fllllY 
aClds, In these cheeses, butyric acid «(4:0) probably plays an important role In 
flavour (26), The high concentration of propionic acid (C3:0) in Maasdam 
cheese develops by the action of propionic aeid bacteria, Uf<500 fractions from 
Gouda, Edam, Proosdij, Cheddar and Gouda 20+ cheese cOrJtaincd much Ie,,, 
free fatty acids than those of Parmesan and Gruyere, and so the contribution of 
fatty acid, to their Ibv()ur will be much less, 

Free fatty acids are formed in cheese by I ipolysis of fat, (34, 35. 36] and 
through catabolism or lactic acid and amino acids by bacteria (mainly shon­
chain free futty acidH like C3 and (4) (26. 36, 37), The larglJr mn[)unt~ of ('4 '0 
in Parmesan and Gruyere cheese might also ongin8te from butyric acid fermen­
tatIOn (Iatc blOWing), 
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