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| ABSTRACT a
Using an Aminex HPX-87H Liquid chromatographig qynumn
at 65°C with 0.02 N and 0. 0045 N H;S0, as mobile phase and

UV detection) at both 220 and 275 nm, Qrganic acids were

S
13

n dairy ptoducts. 4

quantifie N

o

 Cifric, orotic, pyruvic, succinic, uric, formic,

acetic,’ opionic, ' butyric, and  hippuric acids were

determined .
were collected' ftom each stage of the
production prgtess, starting with the rav material (milk) to

the end-product.' The follow1ng ‘commerciall$-made productS'

‘were analysed: raw whole and skim milk, partly skimmed (2%

'\BF)f and homogenised milk, whipping and cereal cream,

buttefmilk and skim.milklpowder, cultured buttermilk, sour
éream,)xxogurt, and’ cheeses ?Camembert, cottage, Cheddar,

pressed Mozzarelia, stretched Mozzarella, “Quark . and

‘_3icotta).°A series of cheeses imported from Denmark, France,

. the Nethe:lends and Switzerland vere also analysed.

The results of succinic, uric, formic, ,ecetfoﬁﬁgnd~
propionic acid correlated with the moisture content“ofgthe

dalry products or with the amount of whey retained-by curdi

~in process1ng. On the other hand orotic, pyruvic, lactic;

succinic and h1ppu;1c acxd , the levels of which reflected
the m1crob1a1 act1v1ty rgther .than the. amoﬁnt- of whej
present-‘in. the dairy pfoduct, did not reveal such a

correlation.
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S 1. mmnonucm\ion’

Organxc ;aCids aéé 'important constltuents lof food
products because they fp?iuence flavour, stab1l1ty and
ke¢p1ng qual1ty of foods. They are an index of maturxty,

'rlpeness or m1crob1al deter1orat1on of some foods as well as

o, . W ’
an 1nd1cator of the fermentat1on stages or other. processxng

-o-

operatlons. The 1dent1f1catlon and quant1f1catlon of organic

« acids 1s requ1red by\\he food 1ndustry, since 1t is useful

' —

yfor _ understandlng \the; textural f«and“ flavour1ng
'}character1st1cs of many food products. |
Dairy products are' produce from the-tsame..raw,
'1ngred1ent,‘ m1;k,. whichy.ls subjected tQ a variety. of
addltlves, ~preservatives;'_vltamlns ‘and chemrcal and/or
'biological'processes. brganic atids 1n da1ry products\aref7
the ‘result of the normal metabol1c processes in the an1mal ’
hydroly51s of butterfat,' des1red act1on»'of- bacter1a1
~cultures or microblal deterloration, as well as' dlrect
add1t1on of "acids when requxred by the process. Data on the‘
organlc ac1ds in- da1ry products are. valuable in the dalry
1ndustry for quallty conbrol purposes and mon1tor1ng the'
process1ng, ferment tion and r1pen1ng stages_“of thea\'
products. : o N | -
— Convent1onai methods for organxc acid~ analyszs are
t1me-consum1ng. Chromatographlc methods have been developed
‘1for ;determ1n1ng organ;c, ac;ds_‘in ‘b1olog1cal fand dalry'
| product sampies';(Palmer‘.and‘ LiSt, 1973~ Marsxl: et aI.,vw

1981). Consxder1ng the speed and s:mp11c1ty of both samplef



preperatxon and determ1nat>on ané' quant1£icet1on of thef

aczds in. daxry products, h1gh pressure 11qu1d chromatography'

‘.can replace many of these tradxtional techniques.-

Based on the current knowledge of high pressure liquld

'chromatography, th1s study provxdes informat1on on ‘the 

,amount of organ1c aczds in daxry products, startlnq w1th the"

raw materaal through the process1ng stages ‘and up to the
end-product. As well it - follows the fermentat1on and

ripening stages of fermented dair® products and cheeses.
- .




2. LITERATURE aav/mw

LY

2.1 uicrotlora of Dairy Products Involved in Productxon of'

g

Some Organic Acids .
The amount of .organic- acjds present . in various

fermented da1ry products are dependent on “the starter

cultures used in  the. manufacture. The role of starter

cultures can be summarxzed as follow5° |

L product1on of lactic and/or other acids

LI product1on of volat11e.flavour compounds;

.. proteolyt1c and/or 11polyt1c act1v1ty
. product1on of other compounds (e g., alcohol)
_ prevent1on of growth of pathoqens and many spo11age

organisms (Tamxne, 1981) S ’f"fi,;

Most of the 1act1c?‘ac1d bacterla used‘ 1n the dairy

‘industry belong to the genera Streptococcus,_Lactobaqillus

e ? ‘*

| and Leuoonostoc -
Stﬁeptococcus bacter1a are Gram—p051t1ve and spher1ca1>
orfovo1d in shape. They are,homofermentat1ve, produc1ng only

. L(+)-1actic‘lacid‘?from VglucQSe., With the exception of .S.
theh@ophllUsfh'(thermodurie)y . they are’ c1a551f1ed ;fas
imesophiliC' bacteria koptimum temperature- ‘20 30°C). . S.
7lactis and S. cremorls are very*often used together in. the

‘ cheese 1ndustry. They produce lacttc ac1d ‘with very small
; amounts of secondasy—products (acetzc -acid, alcohol, carbon
”.dioxxde) They are: also weakly proteolytlc and 11polyt1c S..

tlactls sub-sp. dlaoetylactls can also metabollse c1trates to-

© t—
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form d1acety1 and CO,.‘ It is a very important aroma-
{uproduczng organ1sm. S. thermophilus -is a thermophilic~
'(Optimum temperature 37-45°C) - organxsm usedvln yogurt and”

cheese makxng when product1on of acid is desired early in

~ the vat and press. It _is used in symbiosis  with -

Lactobaclllus bulgarlcus, wh;ch produces lactuc acid at a
~much greater rate late ;n incubation. , ’

Leuconostoc bacteria are Gram—positivegand'spﬁerical or
ovoid in shape, and ferment glucose heterofermentat1vely.
Besides D(-)-lactic ac1dﬁr éhey are capable of producxng
‘carbon dlox1de and aroma compounds (e g% ethanol and acet1c
: ac1d). Important aroma-producing organisms in ‘the dairy
© 'industry are mesophlllc L. CPemOPIs (previously known as L.
citrovorum) and L. dextranicum. They are capable of
\'preakdown  of . citrate into. oxalacetate and acetate.
Oxaiacetate.releases carbon dioxide and pyruvate is formed'
When this pyruvate is in excess of that required ﬁor lactate
production, it is removed from the cell after conversion to -
other substances (dlacetyl) Carbon ledee is an 1mportant
metabol1c product, requ1red for the "eye" formatlon of Swiss
. cheeses. . _

Lacgzbacfklf are Gram-positive and can be divided into
three main categones. Ther'mobacter'la and Streptobacteria
‘;re homofermentat1we thermoph1lic bacter1a, from which many
species are used v1n the dalry mdustry. Betabacterla are
homofermentative and are pot important as da1ry starters.

Lactobacilli are tnermoph111c, rod-shaped, lactic acid-
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| producing organisms. L, bulgarlcus produces D(-)- lact&c acid |
"and is, as previously mentxoned used symbiotically w1th S.e

“ther'mophllus. L. ~Ia‘ct‘ls, which produces D(-)-lactic acig, |
and L. helveticus, which p;oduces'DL-lactic acid, are the
moin‘starters for Swiss-type cheeses and‘pther cheeses with

high moke temperatures. L. aclidophilus, which produces

DL-lactic Sbid, L. casel, which prodices L(+)£dactic acid in

excess of D(-)-lactic acid, and L. plantarum, which produces

DL lacﬁic acid, are also used as dairy culture starters.’

| _’gtﬁor bacﬁogja are sometimes incorporated .into a dairy

' starter culture. These include S. faec/um (modified cheddar

cheese)} Brevibacterium ]Inens (Brick and Limburger"

cheeses);  Propionibacterium  freudenreichii  sub-sp.

.- Shermanii, used in Swiss cheese varieties (Emmental,

Gruyére, Apponzoll),‘-aain}y "for its ability to excrete
- metabolites which produce large .gas holes in the cheese
during the curing period; and BIf fdobacterium bif idium
(Bioghurt). | D

‘Moulds .are ﬁainly used - for the manufacture of some:
semi-soft cheese vanietigs.:Théi:,:oles are: |

* to enhance the flavor and aroma

® to modify the body and texture of the curd
Accosd1ng to their colour and growth character1st1cs, they
can be divided ;nto two types (Nelson and R1chardson, 1967).
The white moulds (Penicillium camemberti, P. caseiocolum,
and P, candidum) grqv externally on the cheese (e.g.)

Camembert and Br1e) The blue mould (P. Poquefortl) grows



: interﬁarly in the cheese (e, g., Roquefort, Blee Stilton,
ﬂh_Danash Blue, ‘Gorgonzola and Mycella). The Penlclllium genera

“:; are rich in proteolytlc and lipolytic enzymes and their

Yeasts'irllmilk result in alcohol - fermentation (Kefir
'and Kumiss). S
- 2.1.1 Cultured products L

M11k can be fermented in a variety of products, each
different due to a controlled manufacturlng env1ronment
which 1nducesvthe organisms ‘to impart different flavours to
the’ finiihed 'products. (Marshall ‘and Law, 1984). The
manufacture of cultufed dairy products represents the seeond
-most important, fermentation ihdustn§ (next to alcoholic
beverages), accounting _f&r approxiﬁagely ‘20% of .. all
fermented,products produced world-wide in 1978 -(Law, 1982).

Natural yogurt is the end- preduct of a symbiotic
culture of S. thermophilus and L. bulgaricus growing at
temperatures in the range of 35-45°C. A propor;ion‘of 1:1 of
"cocci™ and "rods" is considered to be optimum for flavour
ahd texture pmoductien (Oberman,:1985).i$tﬁébtococcl grow
faster at the pegiweing of fermentation, which results iﬁ
accumulation of 1lactic and acetic - e@ide; acetaldehyde,
- diacetyl and formic ‘ecid. That” stimulateg_jthe growth of
) Lactobacilli, which heve_e stronger proteolytic activity.. By

liberating amino acids from milk proteins, - they stimulate
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.the grbwth of 8 thermqphllus.

Culturod buttcrmilk requires a slowqt rate of acid
production and a longer incubation time than yogd’% Milk 13‘
termentgd\with selected strains of acidsproduc1ng S. lactis
and/or -S: cremoris in combination with citric-atid
fermenting . (flavour-produciné) L. cnemorls. Buttermilk is
produced at 21-24°C to retain the balance of both types of’
stralns. At higher temperatures, the product is lackxng in
aroma bagteria and the acid producers multiply at much
faster rates. The flavour of.buttermilk is associated with
the'lactic acid produced, but traces of acetic acid, formic
‘acid,‘alcohol, diqcetyl_and cé?bon dioéide are present.

Sour cream is manufactured in a maﬁnér similar to
buttermilk, ‘'and .the same strains of ‘starter bacteria Are
used. The proper balance between the acid - and aroma
producers isi&&éessary (Vedamuthu, 1982).

Accordin; to Law" (1984), cheeses can be grouped-
accprding to (1) moisture content and (2) the complex1ty of
their microflora: R
Soft Q;eeses: moisturepcontent 50-80%

® in the case Af ﬁnripened cheeses (e.g., cottage

cheese), a simp&e mesophilic lactic acid bacterial
flora o

i °o o .
e in the case of fi?eﬁéa cheeses (e. g., Camembert), a
simple basic flora And surface mould growth

s-:hard cheeses: mesoph1lic starter and a more complex

manufacturxng process; mo1stu;e content 45%



- . . B R PR e
* " Lo J 3
. ‘ : »
. 4

° ihtcrn&lly salted ',

o immersion in brine ahd<subsequent rubbing with salt
Bard cheeses: mo@stu;evcontent‘less than 40%

°* relatively simple microfiora'* (e.d.,# Cheddar);

d mesophilic starters used as in soft’ and semi-hard

cheeses
* inoculated with mould spores . (e.g., Danablue,
Roquefort)’ )
éwiss varieties: thermophilic and propionic acid-progucing
bacteria (e.g., Emmental and Gruyére) k .
Italian hard cheeses: mammalian lipases are us.d,to develop

-

strong fatty acid flavpuré (Law, 1982).

2.1.2 Unripened cheeses | : : . .
Cottag;ai)eese is a low écid soft curd product. Its
propert1 A\M/g*dzrectly attributed to growth and metabolism .
of the starter culture ;ntroduced into the milk (S, Iactl§,'
S. cremoris and L. cremoris). The first two bacteria lack
citrate perﬁease and ‘produce only enough pyruvate to balance
~ the need for NAD* regeneration in the production of lacfic
acid. On the other hand, L. cremoris, through citrate
metabolism, allows formation of aroma compouﬁas begides
lactgc acid. ' ‘ _
Qhark.is manufactured with the aédition of S. lactis,
5. cremoris and S. dlacetylactis. The latter has a fuﬁction
’ .

similar to that of L. cremoris in céftage cheese. It uses

the pyruvate from citrate metabolism and the :
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pyruvate pool té‘férm acetyl-CoXk with 4he oxé?ss lactic acia
broduction. It. torms carbon dioxidg as well ac aroma
compounds (diacetyl). ._ , o ’y " |
Ricotta is an unripened vhéf cheese. The acid and heat
coagulate and ptecipigpte the proteins. The cheese does nota
ripen like natural cheese as ‘it has no lactic acid bacteria

present.

2.1.3 Ripened cheeses

Feta éheeéé ig— a vwhite brxned cheese, ripened for a
short time so that the typical m1¢roflora der1ved from the
starters can develop. An acxd coagulum is formed with
'cultures'ofls. lactis and S. crembrls. The.cﬁeese is soft,
f salty and the textun@ is closg but 'full of mechanical
.gpenings - To) tge curd is not presdéd. S I~

Cheddar cheese “needs é long storage time to develop

(3

full flavour, like other ripened cheeses. Lactic acid has a
stab111z1ng effe;t on cheese because of its ant1bacter1al
propertxes and its lowerzng of the: redox potent1al and pH.
For that reason, enzymat1c react1$ns proceed slowly.‘ The
starter organism used in cheddar cheese is S. crech(s
(multiple strain). Normally.homofermentative starters can,
under certain conditions (aerat%on,_ restricted growth),
broducé alternatives to lactate ffom pyruvate (formic acid,
acetic acid, ethanol; diacetyl, and acetaldehyde [Law,
1982]). Secondary lactic acid bacteria (Lactobacll]l,

Pedioccoc!) are also reéponsible for heterofermentative



?‘Q
fé;mentaéion of lactose, vhich'cipldl defects. 1n cheese.

~ The manufacture o! Swiss cheeses (Bsmental, Gruyire,
Appenzell) involves a high-tempetature cooking stage which
-onty thermophilic starters can survive. S. thermophl/lus and
- L. helvetlcus produce lacmc acid at the early stage, and
P some acetzc :cid may be produced This initial lactic
fetmentatxon by starters is folloved'vby pfopionic aciad
fermentation by Pr‘oplanlbacterium shermanii, which resuits
in ‘product1on of carbon dxoxxde (eye formation) and
. prop;>ﬁ;c and acetic acid. S. thermophllus multiply first,
”wh1le L. helveticus produce lact1c acid later‘ in the
iproduction process (after 8 hours). During the curing pefiod
the proteolytic action of the Lactobacllll ripens the cheese
and breaks down the case1n. Only after that stage do
PropionibaCtenIa begin . to devZIop. Gruyeére deveiqps
addi;ional flavour due) td@ growth of a surface flora
(laciate-utilizing yeasts and, when the suffacq pH nearé 6,

. Brev ibacter ium linens can ‘also grow as a secondary flora).
Danish chéeses with "eye holesf‘(Samsoe Snleavarti)
#re similar to*thexSViss cheeses, | .
Pgrt Salut is a semi-soft 6heese‘§ith N0 eye hblgs. S.
lactis and S. thermophllus produce 1lactic acid during
.manufacturequ;-they die out, the curd unaerggps proteolytic
and lipo;Yt;c changes associated with éq;ymes.oérém,'ghe |
starter culture and rennet. *

'Edam and Gouda are sem1-hard, clbsh ~textured cheesos‘

with no eye holes'. A few smgll eyes are permitted in Gouda

&
.



n.a port1on' of whey with water. Thxs reduces the 1actose

content, 1ncreases the pH and results in a plastlc body and

3close ) texture.;' Bacterla . used ,are S. cnemonis -var.

hollandlcus, _"S. lactis and S. diacetylactis. The changesv

‘_Y

? ur1n r1 en1ng are 51m11ar‘b to the hard- pressed cheeses.
g rip

i

"‘Casem is broken down bx; eWom the . rennet and by

protelnases from, the starter culture. Gouda has a lower c

‘x::mo1sture content and can. be matured longer than Edanm. Th1s

allows more proteln breakdown and more flavour.

e

Pressed MOZzarella 1s produced in a way 51m11ar to that

| =

. of Cheddaﬂjcheese w1th Stneptococcus culture.
ARLTEN

Stretched Mozzarella' is a Pasta‘ Filata :cheese. The

.J

»manufacturlng process 1ncludes a pulllng stage, whlch glves
"""" 3 L)

Y
“a cheese of characterlst1c plast1C1ty‘(Chapman .and Sharpe,.

_1981) S. Iactis, L. bulgamcus and S. ther-mophllus are used

as- starter cultures. Rapid ac1d product1on is’ requ1red inV“ﬂf

the. manufacture aﬁd -the rlpenrng period  is short or
non-existent. o ’ *

A

o 2 1.4 Mould-rlpened cheeses o

In blue ve1ned cheeses (Roquefort Danablue) the curd

‘is" 1noculated w1th blue green PEnicillium »moulds \XP;

»Foquefartf) The . cheese 1s splked" to ad t a1r 'S0 that the

Leuconostoc bacterla that produce ‘an Open texture m the

1n51de of the cheese. That‘process 1s alded by gas formlng’

wiooont

’but not in. Edam. Ac1d productxon 1s restrlcted by replaclng”

:ipores can germlnate and the mould can, spread throughout the"



 cheese. Mesophilic lactic acid starters are used (S. lactis,.
‘ Y-

S. cremoris). The Penicillhﬂn has a strong 11polyt1c‘and

proteolyt1c adt1v1ty. Blue velned cheeses ‘have’ a surface

$

slime conta1n1ng moulds, yeasts and m1crococc1.

Surface-mould cheeses (Camembert, Br1e, Marcillat) are
also prepared with mesoph1l1c lactic starters (S. Iagtis, S,
cremoris) .which produce acid at a slower rate than that
.agv*red for Cheddar cheese. Thevcheeses are inoculated nith ,
whid - moulds (P. candidum, P. camembentl, or P. caseicotum),

wh1ch have strong llpolytlc and proteolytlc act1v1t1es

lLeuconostoc cremoris and/or S. diacetylactis can be used for

production of carbon dloxlde_and aroma compounds.

2.2 Review of the Methods of Analysis |

s

,2.2;1 Determination of'organic'acids byvmethods'other than

‘liqdid chromatography

2.2, 1 1 H1ppur1c ac1d

‘Hippuric acid (benzoyl glycine) is the_form in which

’dairipcqys and other‘herbivorous anlma&s‘dispose'O£ toxic
. benZOic acid from their bodies. 'There 'are“considerablé -

'.pvar1at1ons in the acid level: dependlng on feed comp051tlon

Hlppurlc ac1d in the urlne of da1ry cows -varies from 0 01 to

‘4, 15%, w1th an average of 1. 17% (Healy, 1912)

The presence of h1ppur1c ac1d in mxlk as a constltuent

of - the nonproteln—N fractlon, was conf1med by Patton (1953),

Py

who also developed a- method of quant1f1cat1on. Thls\?ethod

o8
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N ° . oo N

E cons1sted of continuous ether extract1on of tryptxc dlgested‘

sk1m milk and determrnat1on of N in the ext by the

b

7K3eldah1 method Pr1or d1gestlon of prote1n w1th tryps1n was

requ1red to convert the protein-N to nonprote1n-N whzch

'~after ac1d1f1catxon with 70% sulfuric acid, renders h1ppur1c

ac1d more readlly extractable with ethyl ether. Contlnuous

,.extractzon for a perlod of 50 hr was. ,needed to recover*

e

h1ppur1c acid from its aqueous solut1on. Pattgn (1953) found

the hlppurlc acid content of skim milk to- range over -a s1x.,
month perlod from 3.8 to 6.4 mg, averaglng 5.1 mg/100 ml

w1th no clear cut seasonal trend observed

o R
Lactic - acid ’determination in milk and- other dairy
products,,xh%fh 1nvolves the metabollsm of the lactlc ac1d

bacteria; has.  long been a,research~tpp1c. Lactlc ac1d is

vpresent in ‘all fermented dairy products and is produCed by

both‘homo—-and heterofermentativevmicroorganisms. The acid
existsn in‘bL(flz{ and D(-)?forms ,as . well as D,Lfracemic'
mixture. P | h |

Both optiCai’isomers ot lactic acid are ahsorbed in.the

human intestinal tract, although the rate of metabolism of

the D(-)-isomer is much lower than that -of L(+)-acid (Alm,,:

1982). Lactic ac1d affects caICium ‘resorption. Feed1ng

- assays w1th rats demonstrated that calcium retentzon is

. hlgher whén rat1ons conta1n fermented milk. When a high

level of D( ) - lact1c ac1d was 1ncorporated into. the d1et

_”ca1c1um',was,,excreted ‘the.‘urxne.‘ In addltlon, the

g
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:D(-)?form caused :acidosis "and reduced cell metabollsm.‘
-Hence, da1ry products with a hxol? ‘content of D( ) -lactic
acid are not recommended in infant' nutr1t1on. , |

Lactic acid determination by t1tratable acidity, an
indirect method ‘has many 11m1tat1ons. Direct methods are ofo

'greater value. One: such “"method ;nvolves lact;cv'acxd
oxidation to acetaldehyde and its strippingﬂinto a’bisulflte
solution, followed by t1trat1on of the ‘bound bzsulfxte with
jodine (Troy and Sharp, 1935) o ‘

Other methods involve extraction of lactic‘acid vith
ethyl ether from a protein-free filtrate, and development ofv
its’ yellow colored complex with ferrlc chloride- (Hillig,
1942a,b, Ling, 1951; Steinsholt and Calbert, 1960). Another .

ncolorimetiic”method of lactic acid ‘determinatlon ‘was.
-proposed by Heinemann (1946).1 it'.involves lactic acid
oxidation by splfuric acid 'to’ acetaldehyde, ‘followed by‘
;condensation of the aldehyde w1th veratrole. Instead Ofv
veratrole, reaction with p-hydroxydlphenyl was proposed by
Barber and Summerson (1941) In the latter method both -
’protein and glucose had first to ‘be removed by copper.
‘hydxox1de/calc1um hydroxide solut1on. Th1s method was w1de1y
adopted for m11k and other dairy products (Dav1dson, 1948;
see also Lawrence, 1975) Dav1dson-found'that the lactic
acid. content of fresh raw m11k was 1.5-2.0 mg/100 ml while
| fresh m11k powder was 20- 21 mg/100 g. 'The lactxc ~acid

contents of commercial samples of whole‘ and skim milk .

dpowders exceeded 1, 000 mg percent

, . . ‘ i ‘,  ‘~
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Rapld determ1nat1on of lact1c ac1d* 1n whey by gas'

chromatography was developed by Gray (1976). The vhey sample'

: was freeze-dr1ed and the lactlc ac1d~1n the dried sample was

.

™~

ester1fxeqxw1th 14% boron trlfluorxde in butanol Separatlon
and quant1f1cat1on of the ester was aqh1eved on a 12%
d hyleneglycol . succ;nate (DEGS)‘ columnrjat 130 C using
nitrogen as»oarrier‘gasr In‘routine dnalysis 5 ml whey was‘
freeee-dried, nonanoic'&pelargonh:f>acid}was'added as an
internal standard' and then . lactic ac1d vas ester1f1ed by
reflu»gﬂg in butanol for 10 min, - The ester thus formed was'

transferred from the salt saturated aqueous phase 1nto,a

W”ne layer and w1thout further pur1f1catlon, 2-3 ul was
1n3ected into the gas chromatograph The recovery test for
lactate added to whey yielded '97.70%5.1%; the correlatlonm
coeff1c1ent between weights of lactate. added and recovered
was 0 9970.. Thus, thlS method was not only fast ‘but
accurate . Moreover,_lt did not require deproteznat1on of the
whey prior to esterification. The method is used as a
routine‘procedure for meaSuring lactate in~whey and skim
m11k powder and as an index for the quaITty of milk selected
for manufacturlng m11k powder.vv

" 'Steffen (1971)  provided 1relia51e; methods  for
determ!nation of total lactic acid and its optigi;(jgomers
1n chegse and m11k Total laotic acid vas estj ated by
L1ng 8 27951) colorzmetr1c method usxng ferrlc chlor1de,,or-,
by ‘the sum of the L(+)- and D( )- 1somers. The latter was;'

determxned by reduct1on of the respectxve 1somers to pyruv1c

1
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?ac1d by L(+)- and D(-)- lactate dehydrogenase in the presence
of NAD and by féllow1ng the absorbance of NADH at 366 nm.“A'
quant1tat1Ve conversxon of lactic to pyruv acid was.
gnsured by the addition to the react1on l‘!ture/ of "
:L—glutamate glutamate-pyruvate transamxnase and hydrazine.
The enzymat1c methodeas h1gh1y spec1f1c apd accurate, with
a sensitivity of.4—5 um"of lactic acid/g cheese or milk.
Using the enzymatlc method described above, Steffen
_et al.  (1973) . determ1ned “the optlcal conf1gurat1on of
;lact1c acid produced by 21 stra1ns of 1act1c acid bacteria.

All Str-eptococcz_;s stra1ns tested (S lactis, S. cr'emonls, S.

themrophilus and- S, faecalis) and Lactobaclllus casel

- strazns assayed produced more than 92% L(+)-lactic ac1d on

the other hand L. bulganicus and L. Lactis strains produced
~only D(<)-isomer. L. acidophilus and L.. helvet icius provided
E hoth isomersf with-L£+)+acid being 60-70&. As proven by the
authors, the configuration ofvthe lactic acid'formed was.not>
affected by 1ncubat10n time or temperature, nor by the pPH or
comp051t10n of the incubation media.’ Thus, the lact1c acid
confzguratlon in some dairy products assayed (yogurt,
cultured cream, quarg, butterm11k, cottage cheese, Emmental i}
’Gruyere) had a “higher amount of L(+) lactic aC1d 1sqmer that.
sxmply and re11ably reflected the stralns of 1act1c ac1d‘
bacterla used. | o -
Alm-(1982) 1nvest1gated the formatlon of lactic aczdvn

and' its 'L(+)- and D( )- 1somers An ~some fermented daxry |

products made in Sweden. The author applxed the enzymat1c

—— 7 : 4. o0 g\ :\
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”'_fn‘lethod 'of‘ vsteffenﬁ'(té?ﬂ ) and 'Ste.‘ften ‘et al.. - (1973).. 'The
'highest amouut‘of“tOtal‘laétlc‘acid; 1. 2%,»was 1n yogurt.
Thls yogurt was produced from pasteurlzed mzlk anoculated
with a mixture of L. bulgaricus and S thermophllus. Next in
| lactzc acid content were. cultured buttermzlk 0.76%;“ke£1r
(1nocu1ated with a m1xture‘_of kef1r gralns), 0 71%,
'ac1doph11us milk, 0 69% b1f1dus mllk " 0.62%;: aqp ropy milk

0 50%. Lact1c acid was “not” detected in regular milk. ;'

Alm (19&2) also reported that L(+) 1act1c acid was the
j,predomlnant 1somer in all da1ry produc;; assayed, except in
yogurt, in which about 40% of the total ac1d was present as
D(- ) lactlc ac1d In yogurt w1th fermentat1oh&accompl1shed
’1n 3‘4 “hr there was an exponent1al 1ncrease of B(+)-'and a

.

| 1ower ‘but steady 11near increase in D( )- lactlc aC1d, which
levelled off at about 40%.,0. o |

. In ac1doph11us m1lk 1nocu1ated wzth L. acidophilus
'(NCDO 1748), the content.%f D( )-ac1d gradually ‘increased
dur1ng fermentat1on, reach1ng 100 mg/100 g\after 24 hr and
150 mg/100 g after 40 hr of incubation. At the end up to 10%
of the total lactlc acid was in - D(-)- form. similar
observations vere »found with bifidus mllk. (1noculated by
Blfldobactenlum blfidum (L‘ bif idus, NCDO 11863) and w1th'

ropy milk (1nocu1ated thh a mixture of starter culture of

"TSW lactls var.fiongl and Leuconostoc cremoris).

ke
{

Lastly, Alm (1982) concluded that about 20 50% of the |

; lactose g;}esent~ in milk 1s -fermentable.. That - amounts to
-0, 671 .2%,«_ of lactic acid in '- dairy products; a level still
S . g - . o | e
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' much' lover than thé‘ 2.7% of lactic acid ‘tqlerable to
 Lactobacilli. Also of interest was the conclusion that
L(+)-lactib acid is the predom1nant metabol1te in milk
(fermentat1on, which thuﬁ matches the conf1gurat10n of the‘

L3

lactxc acid produced by the human body.

. | _
2.2.1.3 Orotic acid

Orotlc acid hgs been fqund to be prevalent in m1lk of
x Rl '
rum1nants rather than nonruminants. Levels reported for milk

: and some dalry products conflicted due to earlier bioassay

"procedures that also measured other pyrimidine nucleotides.

fwl | Chemical speétrophotometr1é methods introduced by Tsugo
et al. - (1966) and Adachi et al ’ (1963) involved the
COnvgisioP °f, ‘orotic adld to barbituric acid and
complexation of © the  latter . with p—dimethylamino

benzaldehyde. <(b

" .
The mechanism of the above reaction is as follows: -

L) . -

orotic .acid is brominated to 5,5'-dibromobarbituric acid;

this is “he- reduced by ascorbic acid (debrominated) to

barbitv:i: .+ id The latter, haéing an active methylene
group, -Snceim4s  with = p-dimethylamino  benzaldehyde,
providisng F e Chromogen 5-(dimethylaminobenzylidene)

barbituric acid. In the reduction step it was found that

’

ascorbic”acia giveé better results than some.thiol reducing
)’compounds. | '
- Larson and Hegartf'(1979j applied this chemical‘méthod

for m;lk analysxs but 1nc1uded a pr1or deprotexnat1on step-
"
us:ng 2% trxchloroacetxc acid. The Qrotxc ‘acid wvas  then

. . )
.
L4 r
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determined in  the filtrate after 'being converted. td
barbituric acid. Particulars of this procedure afe; milkﬁ(i
'ml) is diluted with water to 5 ml, then chilled and treated
with 0.2 ml cold 50% J;richloroacetié acid (TCA; final
concentration 2%). The sample is left overnight at 4°C in
order to complete prote1n prec1p1tat1on. The mixture is then
washed twice with 0.4 ml cold 2% TCA. The combined flltrate
and washings are analyzed. An aliquot of 0.5 ml is assayed
Aecordiné to the -revised methbd.of Tsugo et ‘al. (1966).

Th; above study reporteé leveiﬁ of orotic acid to be
88:19‘ug/m1 in daify cow milk éndAsliéhtly ;ess in beef cow
milk, 76+17 ug/ml, all mid-lactation milk;‘However, dairy
" colostrum milk colle¢£ed the first day had only 2fi7 ug/ml
of orotic acid. Other dairy prodﬁcts ﬁad orotic acid
contents which appeared to depend on the amount of soluble
whey retéined and/or - the "extept of . fermentation of the
product: Thus, cottage cheese had a mean of 39 ug/g product;
crgam dheese'40; evaporated or dried skim milk 165 and 802,
respectively} and yogutt 66; while agedl cheeées had the
lowest content, 16, or for Roquefort, 15. |

As reviewed by éhen' and Larson (1971), orotic acid
b;;;ynthesis starts by Condénsatidn of carbonyl phosphate

’with aspartic acid. The condensation product, by water
. elimination, provides dxhydroorot1c acid which, in °the
,é:eSence» of NAD, is then oxidized to orotic aéid. These
bibs}nthetjc step§ coincide with a normal pathway of pyrimi-
dihe:biosynthgsis. Orotic acid doés-pot accumulate, -but is

T
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further converted to uridine or cytidine éhosphates and. to
correspondig deoxyribonucleotides. -

The ébove authors analyzea three enzymes in bovine
-mammary tissue: -dihydroorotic acid dehydrogenase, oroti-
dine-5'-phosphaté  pyrophosphorylase and orotidine-5'-
phosphate decarboxyiase, i.e. the three major enzymes
involved in orotic acid biosynthesis. The enzyme a;ti?ities
reported were adeqguate to justify , the orot;c acid
accumulation in onine milk, By .abplying the method Qf
Adachf et al. (1963),'théy found orotic acid contents in
individual cow's milk of 68.4, 63.9, 58.5 and 85.8 ug/ml.
For milk of pooled herds, results were 72.1, 74.0, 70.8 and
59.2 ug/ml. For .a Guernsey cow in the f&rst week of
lactation the authors found 42.6 wg/ml and, for the same
’cow'é market milk, 71.2, §8.9, 67.8 and 71.4 ug/ml. It was
of ipteresf ﬁhat the 74.0 ug/ml-result obtained by applying
the Adachi et al. (1963)wmethod corresponded to the 70.0
ng/ml obtained by the enzymatic.method of Rosenbloom and

Seegmiller (1964).

2.2.1.4 Pyruvic acid
Zandstra and de Vries (1977) studied the pyruvate
content of raw cow's milk and related its content to an

index of milk bacteriological quality. The authors stated

that. pyruvic acid content does not 'appeér to provide

reliable information on the initial microbiological contami-

nation of milk. However, thé'content of .acid, as a central

-

compound in bacterial metabolism, provided information on*

-
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the extent of glycolytic, - proteolytic and lipolytic
activities which.occur in refrigerated milk.

The authors determined the  pyruvate content via

 enzymatic reaction:

Pyruvate + NADH, L‘MMM Lactate + NAD

-

The decrease of N"ADH‘,VQ:oncénér.aéion was propo‘rtiohal to
the amount of pyruvate and was contmuously reco'fded
spectrophotometrically at 340 nm. The authors found that the
pyruvate add‘bd to milk was. recovered quantztatwely with a
devxatzon lower than 3% (n=8) and that the lowest detectable.
' ledel of acid was 0.2 mg/l milk. The standard devzatzon of
~the pyruvate - measurements 'was 0.08 mg/1, wh11e the
‘extincuon coefficient for NADH measu;ed in a standard
pyruvate solution, was found to equal that citeé in the
literature for pure NADH. |

Marshall and Harmon (1978) automated the above
enzymatic method for quality ‘testing of milk. A Tec‘ﬁnicon
Auto Analyzer II (’I‘echnicon ACo., NYi was used, with sample
combined with 7% sodxum citrate ﬁ:d mixed with air bubbles.
vThe pyruvate-containing sample vas pumped together with
‘reduced nicotinamide adenme dinucleotide and the enzyme
lggtate dehydtogenase, .and the absorbance was recorded: at
3‘0\ nm. This.éu-tomated method gave the fol]:howing results for
pyruvic acid content: 0..47 mg/1 for normal milk and 25 mg/1l
| for fresh pasteurized ‘miIk. The pyruvate content !.of

mastitis-affected raw milk -vas 1.34 mg/l. The increase in



.

pyruvate content was found to be the result of an increased

number of somatic cells in the milk and)or. baeteria.
ﬁoweyer, an increase in pyruvate content in milk vas found
B vith increaséd standard plate count only in’ maatitis-
affected’ m1lk. These findzngs unequivocally: supported the
results reported earller"by Zandstra and de eres (1977). In
addition, Marshall and Harmon (1978) found that a pyruvate
test is not a sufficiently reliable .indicator for a psychro-
trophic count because psychrotrophitf bacteria metabolize
‘pyruvate.ia‘the stationary phase of their growth vhen other
. energy. sources are depleted. Lastly, the authors Suggested
pyruvate values»pf 2-2.5 mg/l1 as acceptable leve-s for good
quality raw milk kep in bulk tanks.‘ \
' Metabolites othf\Lthan pyruvate were also related to an»\
index of bacteriological .quality‘ of raw milk. Enaymatic
breakdown of carbohydrates to lactate, fats to free fatty
aciés (FFA) and proteins to ammonia was related_to milk -
Quality by Suhren (3982).' As emphasiifd by the author, '
pyruvic ‘acid is tﬁe central metaboli produet for the
.. degradation of all three classes of these coupounds. The
acid content was followed by the . enzymatic method of
Zandstra and degyr;es (1877) combined thh automatization
provzded by an Auto Analyzer I1 system, developed by
Techn1con4Co. (New York). Similarly, lactate determfﬁa/ionv

was automated by the reverse reaction:

Lactate + NAD Legtgtgfgehzgsggegggg, Pyruvate + NADH;
N . [



The»coupled\reduction;?f ﬁADVQas measured at 340 nm, R

. Determination of ammonia’ was _also Automatedn The
determznation involved its conversion to chloramine, wh1ch
then reacts with phenol to- prov1de a blue chromogen,
indophenol, readxly measured spectrophotomeﬁricaily at 610
nm, . .
| '(Lastly, Suhren (198i) measured the free fatty acid
cont:nt, also by an automated method. The free fatty acids
"~ were extracted from milk with a ~-'m.ixture of 'isoprovpano‘ -
heptdné and sulfuric acid and then the,coior.deéélbpedﬁyith
phenol :ed in ther'organic phase was measured by auto

: .
analyzer.

-

The above study provided the following3 results:
py;:vate content was 1.66 mg/kg (or ppm) m1lk at the farm;
2.05 mg/kg at the ‘bulk truck. tank level, and 2.54 mg/kg at
the dairy plant. Cofresponding lactate\“levels were 17.1,
24.6 and 26 8 mg/kg, respectxvely. The ammonia contents were
3.0-6.0 mg/kg for freshly—collected miIX~and 3.2-6.5 mg/kg
fqr raw bulk milk inftank. Values above 8.5 mg/kg indicated
‘inferior milk’ quality. FFA content of bulk herd m1lk was
0.4-0.7 m1111equ1va1ents/l

The indicators of analysis_precisi;n,,the coeffic};nts
of variation, were ca;culated'from the analysis of duplicate
"saﬁplés and wer§ as follows~ 1.73% for pyruvate; 3.22% for
lactate; 1 03% for ammonxa- and 2.13% for FFA. The .recovery
assay for pyruvate, lactate aqg ammonia was in the order of
100X, while for FPA it vas a function of the chain length.

Lowver fatty acids had lqwerv recoveriés (C.-67%35"vhile
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higher fatty acids (chain length 2 16) h@¢~:ecoveriel of

>

99%. s | - f
' AS stated by Suhren (1981), retenng to FR Germny,

| quality testing Yo assess payment for raw milk permits

exther colony counts or pyruvate determ1nat1on, the methods

-

hav1ng equal validity. - R

- 2.2.1.5 Other organic acids, with enphasisaon free taity

acids - - 5

™

Separat1on -and 1dent1£1cat1on of 51xteen biologically

1mportant organic ac1ds by an 1n1t1q1 separation on a s1l1cao "

gel co}umn was ,lntroduced by Bulen et al. (1952)

Mallinckrodt grade ‘'silicic .acid, coarse particle size, was

slurried with 0.5 N sulfuric;ac}d and packed in a column

- about 5 cm by 1.2 cm i.d. The eluent consisted of 5;‘15,520,

25, 35 and 50% (Q/v) n-butanol in chloroform and of 25%
(v/v) n-butanol in benzene. Prior-to use, each eluent ‘was
equilibrated against 0.5 N sulfuric acid., The acid fractions

were.collecfed and titrated by microbu:et with 0.01 N sodium

: ’ %':‘ Lt e ; » » . 13
hydroxide in the presence of pﬁenol,red as indicator. With-
’ L ] .

 the proper eluent schedule the elution sequence of acids'was

as follows: acetic, pyruvic, glutaric (plus. fumaric and
formic), lactic - (plus succinic and a-ketoglutaric),
trans-aconitic. oxalic (with gl&colic and cis-aconitic),

malic, citric, isocitric, and tartaric. Acids coeluted had

to be separated by an additional treatment on a larger
N

r

column. Thus, the mixture of fumatic, glutaric and formic -

-aczds was separated on a column 60 cm by 7 mm 1 d., prepared

as the . fzrst eolumn from silica gel slurry, however, the
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v/eluent was’ 20% n 4butanol in chloroform._ Alternat1vely,

;rechromatography of the ac1d mixtures could be done on. the_

ifarst column u51ng 25% n“butanol in benzene. Separat1on“on p
y-f,the f1rst column was long, requir1ng about 9 hr.‘Th1s method

) was 1n1t1a11y suggested as an analytlcal tool for separat1on.

l: of organ1c ac1ds. from plant t1ssues. Tt was successfully

app11ed for tomato and other fru1ts andlgreenileaf t1ssues.:

?

' Based essentlally on the above method Harper et al.

(1956) developed a rapld method for measurlng the total free

fatty acids (FFA) in m1lk.vThe authors pepared the chroma-

tography ‘column _in)‘two"sections:r'The".bottom sectxonf”:
";’contalned a slurry of 5 g dry s111c1c acid (Mallinckrodt) in
-3 ml phosphate buffer pH 6 5 and 20 ml/éhloroform. The . top~n

'sectlon of the column conta1ned the sample, 3 ml of m11k

- ;,‘ac1d1f1ed to pH 1 8 -2.0 with 20% sulfurlc acid, and 5 g of

’*s111ca gel as in the bottom sect1on Thls m1xture was ground R

"and slurrled in an: excess of 5% n- butanol in chloroform.'r

""¢IJWhen the m1xture was added to» the - column and 15 ml 7qf"

v“effluent collected all the free fatty ac1ds were eluted'>
'?:’The effluent was t1trated w1th methanollc 0. 01 N KDH 1n ‘the
:;3pre§ence ‘of phenol red as 1nd1cator. dThe results were
fexpressed as ac1d degree (by def1n1tlon "the ml of 0. pl_N
 base needed to neutrallze 100‘;gu.fat/o;l). Recoveries. ofl’
v ;ac1ds were: butyr1c, 99%; 'caproic;lﬂfOO%-' capric,f'93%;f
*i.lauric, 94%" palm1t1c, 90%, and'*oleic, 96. 0%. Reproduc1- o

-b111ty of the method was'. shown by ‘an - average mean devxat1on

v

’of 4. 05% The fatty ac1ds 1n mllk could be separated in one

fractxon, u51ng a s1ngle eluent and determ;ned by.tltratlonf

Sy .-
e



~ within 15 m1n/sample. The method vas also su1tab1e for

analys+s of dry and condensed m1lk 1cefcneam and butter,

&

“ Ohren and Tuckey (1969) related cheddar cheese flavor\

to the balance of free fatty ac1ds and acetate content They X

| applled s111c‘ ac1d column chromatography and GLC as well‘

- as organolep

determ1ned by the method of Harper et al. (1956) and the

&

| evaluatlon. Total free fatty acids were.

content of" acetate by separatlon of acet1c acid on 5111ca; B

¢

'g\gel b_y the method of Bulen et al. (1952). Further

oo N

separatlon of free fatty acids from other cheese 11p1ds was

achleved by the method of McCarthy and Duth1e (1962)

The above authors found that the charactém&stlc cheddar

o

cheese  flavor depended on h_ reatment of “the milk

received, ‘and on its bacteriai population. - The flavor‘aﬁﬁ_

?%phy51ca1 propertles of the cheese were super1or when normalf

fat m1lk was used 1nstead of low fat milk. But, the sum- of
'\
free fatty acids and aé@tate was not dependent on the fat

content;of milk. Also, ‘their f1nd1ngs agreed W1th common

knowledge that cheesesv with higher fat contents ‘contain

. higher amounts of FFA and a lower*level of‘acetate‘ They

suggested that all compounds contr1but1ng to cheddar cheese -

flavor should be in balance and that acetlc ac1d is _the

f,dominant volatile.

Thus, for optlmum cheese qual1ty, two crlterla have to .

be sat1sf1ed. Flrst the sum of FFA andvacetate at the end

of the 180 days of r1pen1ng stage must be between 12 and 28

s umoles per g sol1ds, and, second, the rat1o of ‘umoles of

; FFA(umoles,of acetate must. be between 0.55 and 1.0."



e L 27

' McCarthy and Duthie (1962)' developed a QUantitatiwe
method for. the separat1on of free fatty acids from a mixture
of var1ous 11p1d classes. The method was of 1nterest for the
ldetermxnatzon of butyr1c, valerxc -.and some longer chain
/‘fatty ac1ds; The lipid sample,}d1ssolved in ethyl ether, was
1ntroduced on a column of ‘silicic. acid prev1odﬁly treated
’ wrth 1sopropanollc KOH."Neutral 1lipids were eluted with
ethyl ether, Free fatty acids were then separated by 2%
F' formic-aCid in.ethyl’ether,:followed hylpure ethyl ether.
During’this'separation, phospholipidsmwere retained by the
'y;column and they d1d not affect the recovery of free fatty
:*ac1ds. F1nally; phosph011p1ds were removed u51ng methanol as

an eluent. However, "the phosphollpld fractlon was contam1-

_nated w1th pota551um salts. Hence, quant1f1catlon of th1s.

- fraction would nece551tate 1solat10n on an untreated 5111c1c

%@ . : - O
acid column.

Determ1nat10n of 1nd1v1dua1 free fatty ac1ds 1n da1ry
products using GLC‘ was ;ntroduced by Hank1nson et ral.
(1958) Their method was‘based(fn'GLC separationﬁof‘formic
‘vup to octano1c ac1d -and collecti,on. of acids in agqueous
traps, followed by ac1d titration. _ ‘

'Bills et al (1963) .reported the'use of methyl‘esters>
rather than free fatty acids for GLC analys1s. FFA were
1solated from dalry fat by applyxng a bas1c anion exchange
ires1n, The. ~same res1n was then used for d1rect ester1f1ca-

't1on of the acids, followed by extract1on of the esters. with

ethyl ‘chloride. The extract was then cautlously concentrated

\,tovprevent losses of the more volat1le, low-cha1n esters. In.

'g)
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‘some dairy products, such as fresh or ranczd cream or

butter, they conf1rmed 1n all samples the presence of Cs:0

to C,g:0 fatty.acids in addltzon to C,e,’ hfone, two.or

three double bonds. _ T L

¢

A valuable improvement of dairy product analysis using'.

.GLC was obtalned by 1ntroduct1on of cap111ary columns, Palo

~and Hrivhak: (1978) applled an 1n1t1q§ step of analys1s

suggested by Morgan and Day (19659 str1pp1gg _of.'the°

Hvolat1les by an inert gas./ The str1pped volatlles were

trapped in a- chilled precolumn and, after heat1ng, trans-

- ferred to an- analytlcal GLC column. However, they used not

only analytlcal ~capillary coloumns but also cap1llary
precolumns and a- sp11t less 1nject1on method =

Carl (1984) empha51zed the supe%#orlty of open tubular,

caplllary columns over packed GLC columns. Fused- 5111ca-'

"columns with- crossllnked nonextractable statronary phases

?

connected to an 1n3ectlon port with. a spllt/sp11t less mode

prov1ded a hlgh degree of reliability 1n.quant;tatron of

free and/or methylated fatty acids.,

232.2 Determinationv‘ of = organic acids by liquid

N

chromatography = ' L

Palmer and List (1973) were among the first to describe

'fthe determination of organ1c acids in food by l1qu1d chroma-

tography u51ng hlgh eff1c1ency anzon exchange columns, These“'
acids ‘included Krebsgf cycle ac1ds (citric, 1soc1tr1c,'

a*ketoglutaric, succinic, fumaric, mal1c and oxalacetlc)

-

,some al1cycl1c acids such .as qu1n1c and sh1k1m1c ac1ds, and
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‘ some other; acids such as acetic, galacturonlc, lactic,

malonic, - oxalic and tartaric. They 'also found that a

vprecolumn 1nject10n system sharpens the acid peaks - andt.-

k4

" pérmits the analysis of aqueous  extracts with no
Tpretreatment; A refractive index detector system ;wov1ded'
continuous mon1tor1ng of the effluent. .

. The column packlng con51sted of -Aminex A25 (formate
f,fofm, B;o-Rad),’a strong bas1c anlon exchange resin. The
‘eluent was Na-formate 1.0 N with a flow rate of 1-2 ml/m1n
at a column temperature of 70° C. : .

The agueous samples were injected via a sampie loop
into a'precolumn'system; 3.6 cm in length. The acids were
retained at the top of ‘zhe p’recolumn, ~while neutral a‘nd\
bas1c components of ‘the extract were washed out by ghe
pump1ng water, Then ‘the precolumn was connected to the tép
of the separation column (75-90 cm length, 6 mm i.d.) and,‘
with a 'second\ pump, Na-formate was pumped through the
preCOlumn and then the'main column.

An 1mportant feature of. their method was the use of the

precolumn, wh1ch allowed the total ac1d1ty to be 1ncreased

.-

‘to about 250 m1croequ1va1ents. Then ' the acids were

transferred to’the main column in the form of a narrow«band.
This enabled an increase in both sensitivitj of detection
and acid resolution. The peaks were markedly‘sharpened at
elevated temperatures.,Temperatures above 70° c were avoided
to prevent column deter1orat1on, _presumably due to loss of .
crosslxnkages and conver51on of quaternary ammonium to amino

»Jgroups. Though the method provzded excellent separat1on of

+
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organ1c acxds, the authors applied it only to a serxes of
. beverages of 1nterest to the food industry. _
‘ Separatlon of c1tr1c ac1d cy&le acids by lxquxd chroma-.
- tography in an industrial quality control “1ab vas also ~

“suggested by Tutrkelson and Richards (1978) Instead of using
columns of acidified silica gel with n-butanol/chloroform'orf"
ltert-amyl alcohol/chloroform gradients; these authors were
' among the first to suggest the use of strong catlon exchange
'“re51ns and aiihte minerals ac1ds as a mob1le phase. Also,
they were among the f1rst to replace the labor1ous
collection of nuﬁeroUs 'fractions and their t1tr1metr1c‘
banaly51s or acid extract1on and der1vat1zat1on as a means of .
effluent mon1tor1ng, by using uv’ monitoring at 210 nm, By
1ntroduc1ng ion exc1u51on and partltlon chromatography with
cont:nuous mon1tor1ng, they separated the c1tr1c cycle acids
(c1s‘hcon1t1c, a-ketoglutaric, - loxaloacet1c, . c1tr1c,
1soc1tr1c, mallc, fumaric and SUCClnlc) 1n less than 30 min.
The use of dllute mineral ac1d 1nstead of water as a mob1le
phase suppressed the 1onlzat1on of strong and moderately
(strong.organic acids, and_forceo them toT§artition in the
resin phase. ‘ . | ' .

Aminex 50 'W-;x4_cation exchange resin (B‘io;Rad) wasv
packed in a‘glaSs 300 x 12.7 mm i.d. éolumn fitted with‘a
metal plunger. At a flow rate of 1 ml/m1n the retent1on t1me
and peak 1nten51t1es of the components were reproducxble
w1th1n 1 and 2%. As stated by the authors, the overriding
factor in acid separat1on was clearly the pK's of the acids,

. A o i . «
When all variables were held constant, the sfjgonger acid was
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) ‘fifst;‘,to be eluted from the column. The detection limits
~ varied: cis-aconitic had ‘th‘e lowest (<1 ppm) and succinico
acid the Highest limit (30 ppm). ' o

. Major organic ac1ds in potato tuber, oxalic, cxtnc,

'fmalic, fumaric . And ascorbic, vere quantitated by an ion

-exclus1on LC method by Bushway ‘et al. (1984). Tubers we
extracted with 95% 'ethanol/water/conc. ‘sulfuyric 'ac1b//
’(60 :40:0.2) and the extract 1n3ected .on an Aminex HPx-87\
column,‘ The a'cxd's were sepprated using 0.018(N sulfuric ac1d'
as_'a~mo'bile phase at 'ambierv_lt temperature. A Bio-Rad ¢olumn
of 300 mm x 7.8 'mm' i, d.,» packed with resin of 8% cross-
’11nkage and 9 um particle size, was used The elutmg ac1ds
‘were momtored at 210 nm, exespt for ascorb1c acid, wh1ch ‘
was _monitored at 260 nm, and mal1c ac1d in the, presence of
_fructose, was determined at 220 or 230 nm.
Reversev phase HPLC requires .lengthy 1on-exchan‘9e oolumn
B c':leanf'ups, however, the ion '.eIXClusion method eliminates the
need for such a clean-up step. Thié feature .should be
conqidered a major ‘advantage for 'all met'l;ods baeed on ion
exclusion column chrom‘atography

“Sample preparatlon ‘was also . szmpllfled in t.he‘above.
procedure. Tubers, 50 g (peeled or with skin), were" blended
Afor 5 min with 100 ml extracting solvent. The slurry wa‘s’
filtered through Whatman No. 2 filter‘,‘: p_apef a'p.d -a. 2 ml
aliguot x'ef"illmtered through a 0.45 um Millipofe filter. In
"order to avoid e;fors due to}k the presence of different
Wcompo‘unds wit;h i‘denéicalﬂ retent,ion times, the absorp‘anc‘e

\

ratio method was used for organic acid peak identificalﬁion.
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Thus, by utllizing absorbance ratios of 210/220, 210/230 and
220/230 nm,, th? htesence of succinic acid.was confirmed only

,in a _tuber cUltivais. Malic ‘and ascorbic acids were

coelu ey. Hence, ‘the latter acid was determined at 260 nm,
~at whic mal1c acid had no absorbance. To quantify malic
acid, the ascorbic acid had to be oxidized to its dehydro

form. The retention time of this form was shifted between

e ot\citric and malic acids. ’
Szégrs,{such,as fructose,_glucose and socrose,;present
in higher levels in tubers stored at 3.3°C, were also eluted
under the sepération 'conditions applied. Only - fructose
intérfered since it shouldered tHe malic acid peak. The
latter peak was quantltated at 220 and/or 230 ‘nAm 1nstead of
210 nm. . . N b
_ AmongAthe systems tested, the efficiency of the ohosen
system equalled that of acetonitrile/0.01 N sulfuric acid

(20:80 v/v)>or~systems iﬂﬁorporating'metaphosphoric acid. of

1mportance was the f1nd1ng'xhat 80% ethanol, which is used
fextens1vely as acid solvent, was only 65-75% as effectlvg as
" the solvent selected by the above authors.

| A very -speclfic areo.vwhich hasr been and is °still
‘currently well ‘served through the use ofl high pressure
- liquid chromatographyn (HPLC) 1is the dairy industryf Size
~exclusion or gel permeation chromatography is applied to
mon1tot cholesterol levels 'fq ‘cream .cheese or butter.
Specialty columos have been used fotqcarbOhydtate analysis

in- egg nog (fructose, glucose, sucrose and lactoée); ice

Tt

.

~ creams, swe®t and condensed milk, flavored yogurts and other .
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,fofemented dairy ptoducﬁs.qu introduction‘of reverse pﬁasé
columns, rapid‘ghalysis of B-carotene in bufter or margarine
has been achiived, vhile artificial colors such as
tartrazine (FD&C Yellow No. 5) have béeq monitored by ion
pairing mechanism.
Ascorbic acid content in da1ry products is“'élso
mon1fored by HPLC. The radial PAK U Bondapak NH, cartrldge

has been the -column of choice. Fof~ this purpose ‘the

' . ’ . ST AN
extraction solvent contained:  acetonitrile, which

précipitates protein, and thiourea, . and antioxidant, to
~ protect the ascorbic acid from oxidation. HPLC 1§ also used
‘for analysis of vitamins such as-B., A-palmitaqé; niacin and
D. o % .
" HPLC is a powerful tooi for controlling the quality of
raw milk and fermented'dairy products. Thié'involyes thg
lseparatxon of 'sevegal organic acids, some of whicb ‘aré
" responsible for flavo;' and coaguiation'droperties o‘f }thé"'
dairy érdducts. This_is-eépecially-the case with monitoring
the lactic acid levels in dairy fermentation processés.
Analysis of . organ1c acids in feremented whey and some
commerc1al dairy dr1nks by HPLC was reported by Hamakawa
et al. (1983). Using a sttong cation Shodex Ionpac C-811
column And 0.1% (w/v) aqueous phosphoric acid ‘as ‘eluent,
they separatéd a total of 13 acids. with satisfactory
resolution. In cheese whey and its fetmented products and in
skxu\ milk- they confirmed the presence of orotic, c1tr1c,

pyruvic, succinic, lactic, uric, formic, acetlc, propionic

and hippuric acids. The eluates were mon1tored¢ and

i
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quan;itated by their ultraviolet absorption at 220 and 275
-nm, _ _ T .

A versatile HPLC- method for the .quantitative
determination of lactic acid in a wide variety of foods.and,
particularly, fermented aairy products was reported by '
Ashoor and Wetty (1984). They usédva 300 x 7.8 mm Aminéx
HPX-87 column in conjunction with a microguard ion exclusion
cartridge. The mobile phase was 0.009 N sulfuric akid and
the effluent absorption was monitored at 210 nm. The lactic
acid standards and sample §olutions contained 0;05% EDTA.
Sample prepartion of liquids invoived 10-20 ml sample,;
filtering through Whatman No. 1‘paper, adding‘s-ml of 1%
EDTA to the flltrate, and adj;sting the volume to.100 ml.
Semlsol1ds and sol1ds were blended with water for 3 min,
then filtered and centrlfuged The filtrate or supernatant
was m1xed with 5 ml 1% EDTA and the volume made up to 100
ml. The presence of EDTA'masked the free metal ions in the
‘sample prepar¢tlons and thus ma1nta1ned the column effi-
c1ency, yleld(reproduc1b1e results.

The 5.6 m1n retention time of EDTA was shorter than
that of lact1C‘ac1d (11.4 min) so it did not interfere in
lactic acid quantification. By dividing the absolute
reéention tiﬁe of lactic acia by that of EDTA, the relative
 retention time of lactic acia- wvas obtained, and for all
dairy samples it was 2;9310.02. 'Recovery‘ studies iniolved
spiking the Laétic acid peaks and amounted to 93.412;2 g/100
g for buttermilk, 9513;4.for.5wiss ché?se and 97.0%£2.9 for

plain yogurt. With a‘coefficiephﬁbf variation (%) varying
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from 2.3 (buttermilk) to 4.9 (blue cheese), the 1act1c aczd
‘ contents wvere found to be: buttermilk, 0.911£0.021 g/100 g;
plain yogurt, 1,20820.050; Swiss cheese 0.671:0.021; and
blue cheese, 1.27510.065. Based on these results, Aahoor and
Wetty (1984) concluded that quantitative determination of
lactic acid in daitry. products 1s 51mple,grap1d and specific
and, moreover, accurate., ‘
petermination of orotic acid and.othet,carboxylic acids
in milk and dairy produots‘by liquid chromatography was the
topic of investigation.by Lavanchy and Steiger (1984) at the
Federal Dairy Researdn Institute, Bern (Switze:land).‘Sample
preparation involved 5 g of milk or cheese and its homoge-
nization with 5 ml water and 26 ml acetonitrile, the latter -
used as a protein-coagulating agent. The suspension was
centrifuged- and an aliquot filtered (0.45 um Apore size
Teflon filter) a:g then injected into the HPLC. The column
used was. ‘Aminex HPX-87, 300 x 7.8 mm, at 50 C, with 1% (v/v)
acetonitrile in 0.0 -éulfurxc acid as eluent The results
reported for raw mixikfyogurt and sour cream, in mg/kg, were
as follows: orotic acid, 73.3 (75.5, 45-4); citric acid, 938
(725, i30);‘1actic acid, 91.5 (16,280, 9 215); uric acig,
16.5 (30.7, 15.4); acetic acid, 0 (110, 88Q); propionic
acid, 0 (0, 175); butyric acig, 0'(0,'0); and hippuric acid,
136.6 (0, 0). I
- Preparative separation of milk fatty acid derivatives
by HPLC, requiredlfot fatty acid structural analysis, was
introduced by Christie et al. (1984). A reverse phase
- column was used. Aliphatic esters were mOnitoted by
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refractive. index, and aromatic esters by Uv'detection.

In Christie et al.'s method the lipids were first
extracted from milk with chloroform-methanol (2:1, v/v),
then dissolved in acetonitrile. Transesterification followed
in methpnol, using 1 M K-methoxide as a'catalyst, for 5 min.
The reaction was termiyated by addition of acetic acid. The
esters were cleaned through a néutral alumina column -
prepared in a disposable Paé@iur pipette, and a clarified
aliquot was then injeéted onto the LC column. Benzyl esters
were similarly prepared in benzyl alcohol éolution. y

 The column system consisted of a 5 x 0.5 cm gquard
column and a 25 x 0.5 cm main column packed with. Li
Chromosorb 10 RP 18. Isocratic elupion was applied using
acetonitrile-water (95:5,'v/v) at a flow rate of 1 ml/min.
»This provided reliable separation.of methyl (benzyl) esters-
of fatty acids in a chain length order of 4:0, 6:0, 8:0,
10:0, 12:0, 16:1, 14:0,- 18:1} 16:0, and 18:0. By using
acetonitrile alone as eluent, better resolution was obtained
and the separation time was only 20 min. However, methyl
butyrate éluted with the reagent peak. Beniylvesters of thé
lonéer chain fatty acids eluted wi;h_pbor resolution. 1In
this case, to improve the resolution after ‘the 14:0 acid,
the flow. rate ﬁas doubled to 2 ml/min.

Organic acid precolumn derivatization vith p-Bromo-
phenacyl bromide, bromomethoxycoumarin or 9-antrhyldiazo-
methane has been employed. Also, postcolumn derivatization -
with dicyclohexylcarbodiimide, bromocfesol purple or bromo-

phenol blue has also been reported (Wada et al., 1984).

'’
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Bromocresol purpI;, bromophenol blue or bromothymol
blue ﬁ;tC,'UIGd as pH indicators, acting as vpostcblpmn
re;gents. ‘ﬁhen an organic‘ acid was eihted,‘}therQH“vas. a
%%hang; in %ndiéator color. This was monitored photometrqu
ally at the indicator absorbance maximum. Thus, 'Wada et al.
(1984) designed a reaction sysfem’ which ;ncludgd Samplel
delivery and a bromothymol blue (BTB) ~;;?gent delivery
pumps. After the organic acids were separat d.on:a strong
cation exchange resin, Shodég Ionpak (500 x 8.0 mm i.d.),
the. acids and the reagent were mixed jn' a postcolumn
rééction coil and the color change monitored at 445 nm. The
eluent was 3 mM peréhloric acid, neutralized with 2 mM NaOH,
while the molatity of the'QTB reagent\yaslo‘z‘mﬁ and it was
dissolved in 15 mM Na,HPO, + 2 mM NaOH. Such a system
provided a sensitivity for lactic acid of close to 0.1
absorbance unit per 4Q ug acid, or 0.2 absorbance unit for

the same levels of citric, malic or succinic acids. A great

asset of . method was the lihearity of the calibration

'curves‘ for  {he six tested organic acids, following the
general - }aﬁati;;‘]1 = ax + b; where h _= peak heigﬁt
(x10'?.absofbance),band x Q ug sample. The factors a (b) for
some acids weré: citrié, 4.250 ‘(1.130); malic, 4.329
(2.408); succinic, 4.413 (2.598); lactic, 3.030 (1.339).
Correlation coefficients were close’ to 1.0, reflecting the
good 1in§ar relationship between the acid contents and peak
heights, ' , )

| Simple isocratic revétse phase and cation exchange LC

methods have been - sucéessfully "applied in = clinical
. . . % ; ‘- & .

% Ve
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biochemistry for screening organic acid’ aityvg& %ﬂﬁ‘neonekohﬁiff

‘(newborne ranging from 1 day to 4 weeks og,quy and intanttsgf "
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Through urxne analysis, methylmalonic, propionic,. ” )
isovaleric, lactic, glutaric or medium chain (C5 to C,a,' ‘
‘dicarboxylic acids) acid ureas or B-ketothiolase deficiency i
could be readily detected. Usb&&l! after combined reverse ’
-phase and cat1on exchange column ehromatograpﬂ& the
efflueet was  monitored concurwently with Spqptometr1c and
amperometr1c detectlon systems,' ' oo
Bennett and Bradley (1984) used an Am."x H’k 87'. ,
crosslinked, partlcle size 9'¥8) cation exchange cglumnﬁ 300
x 7.0 'mm, protected by a 5 cmiguard column packed with tﬁe
same pesin. Acid separaﬁ1on at amblent bemperature was'

achieved at a flow rate of 0.7 ml/m1d\us1ng 0 008 M sulfuric -

- h

acid in waterl(pH 2), whz;e acid detection was at 210 nm. An
internal standard‘of 3-phenyl propionic acid was used~since v
its retention time of 39 min was greater than the majorxty

of the acids quant1f1ed.. _ “

Determ1nat1on of organ1c acids by HPLC ‘in dxagnoszs of
ac1dem1as in humans and various .organic acid metabolic
,defects was reported by Tahara et al. (1984). Shodex Ionpak
KC-811 anion exchange resin, 250 x 4.5 mm, was applied at
45°C. The eluent, 0. 15 phosphoric acid, was run at a flow
rate of 1 ml/min, and acxd detection was at 210 nm. antxc,
_pyruvic, methylmalonxc and prop1on1c acidemias could read1ly-k
be detected in urxne samples at a detection 11m1t of 5 ug

for each acid.



e, ﬂ—unsat\fated organxc ac1ds.'f

"+ again Am;nex HPx—87 cat10n1c

o . ‘ ‘ ‘ ‘
buchanan and Thoene (1981) broadened the HPLC study of

;4nborn-ac1 metabol1c szorders. fn addltlon to carboxyllc
h'hc1ds, the determlned ac1ds w1t functzonal groups, e.g.

l'phenyl- ’Ta;omatlc) hydroxyl qxo (a~ketocarhoxy11c)' or

he  separation column was.

"xchange resin, wh11e the

}eluent vas 4.5 mM sulfur1c ac1d at a flow rate of 0 8 ml/mln:

at amblent tempera ure. The dé‘ect1on system con51sted of a :

UV detector set at 200 nm and; 1n §Er1es upstream,wa SOlld

voltammetry detector, 1 e.~a m1rror pol1shed glassy carbon

electrode set at +1. 15 'V vs an Ag/AgCl reference electrode.'

i

Phenolic, enenolic; oxal1c and a- ket“

5

.‘ pi

d”thus %uantltated

nread11y ox1dlzed at the setfp""“ﬁfnal an

by a second llnear ;rpf;'” " The
_‘clarlfled thzzough a 0. BJym Mllllp‘

system permltted ready detectlon of inborn errors such as A

“

methylc1trate, oxal1c, urlc, orot1c (urea cycle enzymo—

hpath1es), p

ghenylketonur1a,»{jéjﬁ(

w1th'

‘aghyl der1vat1ve of D$AE (TM DEAE- Spheron) over the micro-
7 .

o porous polyscyrene anlon ;es1ns for anlon exchange chromato-_

'agraphy of organ1c acads were 9emonstrated by Vratny et al.

"carboxyl1c ac1ds weref

‘w:-: :
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(1983) Such columns, used at’ 60°C w1th 0.6 Mnsod1um sulfate /

,as moblle phase“ were su1tab1e for the separatlon of organlc;

ac1ds found mostly in agrzcultural and food samples of plant

L




origin.(a-ketoglutaric, citric,: malonic, oxalic, succinic,
,tartaric,‘malic, acetic, lactic, glycolic and pyrrolidone—;"

‘carboxylic ac1ds)

N

The partially quaternized diethylaminoethyl derivative

\
was synthe51zed from, hydroxyethyl methaacrylate copolymer,

the latter being supplied commerc1ally as spherical micro-
particles (TM Spheron 40, average particle-51ze 14.3 um).

- Phe fully- quategnized strongly basic anion exchanger was

.....

commerCially avaflable ‘and .had a polystyrene matrix with a
mean particle size of 10.2 um. The latter was used as a

reference column.

-

The common ion exchangeﬂbhromatography, anion exchange)
and .ion exclu51on chromatography on cation exchangers  have -
the shortcoming of slow dlfoSIOn within their swollen
polymer. Vratnyret al. (1983) found that, byAusing semi-‘
rigid macroporous ion exchangers based on 2-hydroxyethyl*
'methacrylate copolymers of DEAE the shortcomings ‘of the

‘cla551cal swelling microreticular 1on exchangers (the volume

s

of Whlch strongly depends on. the nature of the mobile phase

and its flow rate 1n the column) vere eliminatéd -Thus, the p

—

~_anion exchanger based on hydroxye:yyl methacrylate copoLquﬁfv
was better suited for rapid chr matographic sgparation of;

)
' organic ac1ds. The authors concluded that, on such. éblumns

-Wlth sodium sulfate as mobile phase, adsorption 1nteractions
L

-occur kith dl" d tricarboxtyic ac1ds, but much less 80
s - 3
. - |

with monocarbﬁxylic ac1ds.

L S
g - o
"The retention of _organic'” acidsi.was. significantly

/

L]

»

affected by,column temperature. A temperature increase from



'exchange ,col\mns do ;not need
"analytlcal appl1cat1on a colu

?'sulfate 1on1c form, 250 X i mm, ?befused at-

‘ eluent flow rate of 1 ml/m1

-requ1red for removal of sugars and other neutra}f

30 to 60°C resulted in an increaSe in column efficiency but

'also letho an inverslon 1n column select1v1ty for ac1d

‘pa1rs a- ketoglutarlc itaconic and oxallc citrics Neverthe-

less,,the major advantage of the method applied by Vratny

et al. (1983) vas . the qua11ty of organxc ac1d separation

~and its 1ndependence from, the polarlty of the 1n3ected

T - S | ’,'4-1 ;

-sample (1n the reverse phase method on s111ca, C18 samplef

d1SSOIVed in ethanol 1nstead of water br1ngs about a changeﬂa

1n elut1on sequence) Also, as stated by ‘the authors, in

contrast to ion exlu51on cation exch

o

olumns, the anion

- cations. | Lastly, “the authOv - sted for - routine

of DEA- 5 spheron 1n

, and, for»a total of

R

ac1ds, UV detectlon at 210= 220 nm.

Neutral resins or propylam1ne columns have also been

applied in- organ;c-ac1d separatxon‘by LC. Shaw and wllSOn
(1983) used' such columns to separate malxc, c1tr1¢ and
succ1n1c ac1ds from ‘some c1trus fru1ts and cherry Ju1ces,
Prior to analy51s, a11 Ju1ce samples were clarified by

1centr1fugatzon at 12,000 x g and then 'subjected to a

pre11m1nary separatlon on an 1on exchange column in order to

remove interfering compounds. The samples were flrst passed

through  a cation ‘exchangerlresin (Bio-Rad AG- MP—50(H ),{@

W

50-100‘mesh); then through ‘an anion exchange re51n (Bzo-Rad

AG—MP-1(formate~), 50 100 mesh). The latter colugh ‘was = -

of, interfering

0 organic:

°c with an =
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- The ac1ds vwere then washed out w1th 9 N formxc acid,”’

‘followed by water. The form1c ac1d solutxon waewevaporated‘

" to dryness, as ‘was the water wash. The res1dues vere

rediSsolved in small'vOlumes of water, comb1ned,'f11tered_

through 1.2 and O, 22 uul M1111pore f11ters, then 1nJected

into the LC. A DuPont Zorbax- NH; (propylamlne) column was.

used with 0.075 M NaH :PO, at a pH of 4.4 as eluent at a flow
rate of 1 .1 ml/min. Detection' of the ac1ds in the effluent
was performed with a UV detector set at 206 nm.

st' ten years reports have. claimed that

consumpt1on of fermented or nonfermented dalry products

lowers the content of human serum cholesteroI*'(Mann and

“Spoerry,l1974, Hepner et al., 1979) ‘It was suggested that'

dairy products confain fa "milk ‘factor" which decreases
' cholesterol level. %ard et al. (1982) identified uric.acid
as the'inhibftor of cholesterolgenesis<in‘human milk. Uracil
and orotic' acids were des1gnated as | 1nh1b1tors 'of

cholesterol synthe51s in cow's m11k by Papa et a7 (1980)

In addltlon, 3- hydroxy 3 methylglutarate (HMG) was suggested_

as another pos51ble "milk factor" (Mann® and Spoerry’ 1974)

These suggestlons p:d{;ded impetus for research endeavours
to follow poss1b1e changes in the contents of prot1c and
| uric ac1ds and HMG in mxlk subjected to fermentatxon. Yogurt

was ‘the product stud1ed in deta1l

Haggerty et al. (1984) produced yogurts by wusing

different'~.strains' of LactobacfllUs Dulgarlcus (three
'patented “stralns}' 201,; 202 and 203) and StreptococcUs

"\

thermophilus (two patentedmgt

. >
“ :

e

a}ns, EBG, and MC) and then
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analyzed the levels of orot1c, uric and HMG acids by usxng
lzquxd chromatography. L .

The authors prepared the yogurt extracts by using 95%
ethanol ag a solvent, conta1n1ng 1 volume percent of 5%‘
oxalic‘ acid.. The samples were ag1tated for 1 .min then
centr1fuged for 5 min at -7, 000 x q. The clear supernatant
was f1ltered through Whatman No. 4 paperuéthen evaporated to
dryness..The residue was red1ssolved‘1n distilled water, and
filtered through Whatman No. 4 paper and then through a 0;45
um M1ll1pore filter. :

_‘ Separatlon of the acids was ach1eved on an Aﬂ1nex'.
'HPX-87 ion exclus1on column (300 x 7.9 mm) using 0. OQB N
sulfurlc ac1d as a moblle phase at a flow rate of \0.6
ml/ml § ‘ S : X \ . ‘

“all yogurt samples (w1th an average total milk sol1ds
of 3.5%) showed a decrease in orotic acid of 15- 53% after
fermentation (as compared to fresh skim milk or nonfat dr1e;\\\

milk solids), and no change in uric acid-levels. However, \ ’
eluted HMG, though 1t had a s1m11ar UV spectrum and coeluted |

- with chem1cally pure HMG, had d1fferent R¢ values whep

assayed by TL or paper chromatography Thus, the authors"
concluded that true HMG is not present in milk or yogurt.
The coeluent level was reduced in six..and was 1ncreased in
two yogurt sample fermented by g1ven strains of micro-
_ organzsms. Of interest was the orotic acid concentratxon
g7vf'reported by the authors. In elght yogurt samples assayed,
the orot;c acxd ranged—from 17 3 to 32.4 ppm. Thxs was less‘

,than 72A83 ppm,found in fresh fluid m1lkyor,32—72 ppm in -
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yogurt as reported by Mar31l1 et al. "(1981) Aleo. the

V,concentratzon of ‘uric ac1d found ‘in this study' was much

~ less, at 14.2-18.2 ppm, than the 31 ppm reported by Mars111
et al. (1981). 3ased on these results, ‘Haggertyl et al.
(1984) ‘concluded that in yogurt production strain-induced
differences do not exist in respect to levels'of orotic and
uric acids. | |

Jager and Tschager (1983) provided some organic‘acid
data for Emmente} cheeses. The extract obtained for LC was

pr\epared from 5 g cheese t‘reated with 60—'70 ml water and

readjustxng the water phase pH to 7 o- 7.5 ml ‘with 1 N NaOH.

This m1xture was heated in a b0111ng water bath for 30 min,

then_cooled to 20°C, made up to.100 ml, %nd filtered through

oa fluted paper. The aqueous _extréCt was ,fufther purified

through an anion exchange column AG-X8(Cl7), 200-400 mesh. A
5 ml aliquot was: applled to the column and the column was
washed with water to remove 1nterferlng compounds. Elutlon
was achieved using a salt gradient. The initial eluent 8 ml

of 0. 1 N NaCl, eluted pyruv1c,‘_lact1c, formic, acetic;

1

propionic and butyric acids. The next gradient, 5 ml of 0.2

N NaCl, eluted additional amounts of pyruvic, malic and
succinic acids. This.was followed by elution using the same

. Q : :
volume and ,concentration of salt, giving a third fraction

which consisted of citric and fumaric acids. Each of the

- three fractions was injected into an Aminex HPX-87 column,
300 x 7.8 mm. The fxrst and second fractxons were separated

Q~
using 0 01 N. H;SO, ‘as eluent at 15 C, wh1le ‘the third

fractlon was separated with 0.03 N sulfur1c acid as eluent

B

N

¥4
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at 18°C using a flow rate of 0. 8 ml/m1n and a UV-detectlon

ystem set at 210 nm, - .
Emmental .cheeses studied by Jager and Tschager (1983)‘
dxffered in their textural character1st1cs. Cheese A samples-

were taken from the prqductapn 1line and were classified as

- grade I.‘dhtese B samples had short and firm texture, while -

that of cheese o samples was weak and extens1b1e. The‘

'

textures gtﬁ cheese A and B samples. were readlly

distinguished by scanning electron mlcroscopy. Sample A had

‘-clearly -defined larg'e holes, while sample B had irreqular

holes separsted by a porous matrix. These cheeses gave the

following organic- acid 'prdfi1e5° all conta1ned pyruv1c,

lactic, formic, acet1c, propionic, succinic and c1tr1c acids

and were devoid of butyric and fumarlc ac1ds. The grade I

‘cheese was dlst1ngu1shed by a higher content of lactlc and

lower.contene of propionic acid than samples B and C. Other

organic' acid profiles were practically the same. Butyric

acid (content about 0.003%) was not deteétable by this

method. The difficulty in detecting such low levels ‘was

| expected since organ1c acids with a keto‘funct1onal group,

or with a double bond, e.g. fumaric ac1d have hagher molar

absorbances than acids with onlyi & carboxyl .group, e.q.
butyric ac1d.nNo fumarlc acid was detected in any of the
EmmenEaf cheeses, o | ‘ -

By epplying a modification'ef the method of Turkelson
and Richards (1978), Marsili et al. (1981) used liquid

chromatogrephy for determination of orgahicaaeids in daity

products. Simultaneous’andttypical analyticil results were

L
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reported- for the firSt time for orotic, citric, Apyruvic;

lactic,” uric, formic, . ac#®ic, propionic, butyric and

]

hippuric acids’ in whole milk, culture buttermilk, sour _

‘cream, cottage cheese,- yogurt, cheddar cheese, blue cheese

and skim milk powders. A
| The authors used a Varian model 5020 LC equipped with a
manual 10 ul locp injector and a variable wavelength

detector set at, 220 and 275 nm, and quant1tat1on was based

. on measuring only peak he1ghts. ‘The column used was a 300 x

7.8 mm i.d. Aminex HPX-87, an 8% crosslinked strong,cation

exchange resin with a particle size of 0. 9'um; Sepafation of

acids was ach:eved by ion exclusion and part1tlon chromato-

graphy with an isocratic mobile phase of 0. 009 N sulfurxc
acid at a flow rate of 0.7 ml/min and a temperature of 65°C.

HPLC grade acetonitrile was applied for sampie preparation

as a solvent and as a ;woteln denaturlng agenb’ Analyzzng

samples at 220 and 275 nm, the authors quantltated formlc
and uric ac1ds desplte their coelution. Recdvery was over
90% for all ac1ds except butyric, for uhich‘ the average
recovery was 85, 6%

" In the‘ above study, typical ‘chromatographic runs
revealed the_presence'of formic acid in buttermilk; cheddar
and ' blue cheeses, while the content of othert acids was
generally inversely related to the’dry matter content of the
da1ry product. Lactic ac1d levels in fermented products were
a maximum of 14, 5501150 ug/g for pla1n yogurt, followed by‘
sour cream at 8,410:160 ug/g and lower levels in cultured

buttermilk and sharp Cheddar cheese, averaging 5,140 and



5,890 ug/g, respectively. -
¢ . _
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3. EXPERIMENTAL
3.1 Materials

3.1.1 Samples ofwdairy prodUCts

'Samp1es obtained from the Northern Alberta Dairy Pool

(NADP), Edmonton,: included one of each of the following
finished produots; raw milk, skim milk;‘parfly skimmed milk °
(2% butteffatl milk), homogenized milk, oereal cream and
’wh1pp1ng cream. Samples were obtained at each stage of the
'product1op process for each of the follow1ng products-‘
jcultured buttermilk, natural yogurt, sour cream and cottage
cheese. These included sampleé before inoculation, during
and after fermentation, and the finished product. ‘

t Samples obtained from the NADP, Barrhead, included: raw
milk, buttermilk,.skim milk, buttermilk powder and skim milk
powder.

The following samples vere taken from the Glenwoodé

- Cheese Plant, Glenwoods, Alta.: white Cheddar at each stage
of the production process and through six months of
ripening. |

From Neapolis Dairy Products Ltd., Didsbury, Alta., the

following cheeses were sampled at each stage of their
respective production processes: Camembert‘ (also sampled
throughout six weeks of ripening) and Quark cheese.

From the Alberta Cheese Company, Calgary: Pressed

Mozzarella at each stage of the production process and at

four weeks of ripening;'Ricotte cheese (whey cheese) at each
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stage of the production process; and stretched Mozzarella

(pi'zza cheese) at each stage of the prodﬁction proceés and
through two weeks of ripening.

A number of imported cheeses (finishe\d product only)
were obtained dgthe Alberta market (major department stores
in Eéﬂ%cnton). From Denmark: Camembert, Danablue, Feta,
] Havarti and Samsoe. ’From France: Brie, Camembert, Marcillat

(goqt's milk cheese), Port Salut and Roquefort (ewe's milk

cheese). From the Neth‘e‘rlénds’: Edam and Gouda. -From

Switzerland: Appenzell, Emmental and Gruyére.

3.1.2 Chemicals |
Sulfuric -acid, reagent g‘rade .(assay. 95.5-96.5%;
36.0214N), was obtained from Fiéher‘Sciehtifig Co., Fair
Lawn, NJ. ‘ |
Acefonltr'lle, HPLC grade (UV cutoff at 190 nm), 'was
optained from Caledon Laboratories Ltd., Georgetown, Ont.‘
The following analytical grade organic acids were used
" as standards: N
® Acetic acid, Caledon Laboratories Ltd., Georgetown,
Ont. ) | '
e Butyric acid, Fisher Scientific Co,, Fair-La.wn, NJ.
* Citric acld , Baker Chemical Co., Phillipsburg, NJ.
* Formic apid, BDH . Lab Chemicais‘Division, Toronto,
Ont. | ) |
> Hippuric acid (sodium salt hydrate)., Aldrich
* #Chemical Co., St. Paul, WI. o

.. Léctlc acid, Servé-Feinbiochemica, 'Heidelberg, W.
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e Orotic. é!cld (monohydrate), Sigma Chemical Co., St
: Louis,'MO. -
e Proplonic acid, Fisher Scientific Co., Pair Lawn,

o NJ.
<

® Pyruvic acid (sodium pyruvate), Sigma Chemical Co., ' °

St. Louis, MO.
e ' Succinic acid, Sigma Chemical Co;, St. Louis, MO. k —

e Uric acid, Fisher Scientific Co., Fair Lawn, NJ.

No acidic i

-

ies were detected during ~the analysis.
Standard solut were prepared in Milli-Q water (Millipore

.Ltd., Mississauga, Ont.),

3.2 Equipment
The 1liquid chromatograph1c system was obta1ned from

;

Bio- Rad Laboratories Ltd., Richmond, CA. B con51sted of the |
follow1ng parts. -

The column (model 1321) was an Aminex HPX-87H column
(300 x 78 mm) packed with an B% crosslinked strong cation
exchange resin in the —hfdrogen form with 9 um diameter.
Organic acids are separafed ‘by the mechanism of/ ion
exclusion. |

The Mlcm-GtJé}‘d HPLC Column Protection System consisted
of a cartridge‘(40 :(’4 6 mm) packed with Aminex HPX-B85H
resin for ion exclusion (1n organic acid analys1s) It was ; ¢
placed between the 1n3ector and the analyt1cal column to N
guard the coiumn from degradatlon due to p%ft1cu1ate mQE}er,‘ §_

irreversibly-bound material and aggressxv:\*cgmponents 1&“

.
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. sample or solvdnt; o R ) &
~ The column heater was applied for separation at
elevated temperatures '(40-70°C) to resolve closely;eluting

peaks, hnd to prevent the undesired absorbancé} ef.fect and

variabiiity,ip éan(ple reteni:ion.

| The détéctoﬁ (model '1'305) was a variable wavelength
tﬁ’t‘tgviolet.detector for liquid chromatography. It consisted
of an optical unit (including the flow cell) and a control

un1t. A standard deuterium lamp covers wavelengths ftom 190

#

to 350 nm, vhile an optional tungsten gamp expands the

,Jwa‘velength range to 600 nm. .

\ K R&gm“}tnc., Cot:atl, CA. The 1n3ector
L4 ) f‘ia @ {;;u«f‘ .\

gweedle pott m the ’valveg
133
;-

S
) .

- sIn]eg:txons ‘ twere ' made : with a 50 ul low pressure,

‘-ga&*tight Volumetrlc syr'lnge vwith femovable néedles,

¢

"gsupplxed byg Hamlton Co., Reno, NV, 5

: Teflon and type 316 stamless steel tubings and

urfaces ’werg used throughout the system to prevent damage

to compor;‘enﬁs from the acidic. buffers. "
lntegbatop- (model 3388).\ §E

aél{ard (Avondaie, PM, qu used ﬁo quan q_ tate the peaks..

»

“a

ined from Hewlett

A

7\
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#The refrzgoratod gcn.rui ‘purpose’ laboratory centrifuae
(model J-21B) with fixed angle rotor: (model JA- 20) was

obta:ned from Beckman, Palo Alto, CA.

3.3 Methods

Vi

3.3.1 Procedures in taking samples in the industry

All samples were colly

ted by the author from different' .

sanitary conditions requgedq
in the‘dair.y iﬁdustr}*m les were cooled immediately in

icé water and kept relY gerated. Extraction was performed

dairy plants in Alperta,

the séme‘ﬂay and sthe extracts were kept refrigerated prior

to HPLC analysis.

Y

3.3.2 Analytigai procedures :ﬁ
One solid sample of each cheese was analyzed. The
samples were ctushé&,with'mortar and pest1e|to facilitate
mixing with the solvent (acetonitrile and water, 4:1- v/V),
Non-homogeneous samples of éurd'%pd whey were homogenized
using a Lab-Blender 400 (Colwarth, gBury St. Edmunds, 'UK).
Aqueous dilutions (20% w/w) vere Prepared for powdered

~samples;

- -—

5.00 g of dairy sample were bomo§;nized with 5.0 ml of
Milli-Q water. Thefmixtﬁre was then combined with 20 ml of
acetonitrile in 50 mlhpolypropyléne cedtrifﬁge tubes (Fisher
Scientific Co., Fairlawn, NY). The mixture waé Bhaken for
min in a° vortex ,mixer and centrzfuged at 7, 000 rpm. Befote

1n3ectxon into Sre column, the supernatant vas filtered into

=

+
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the column through 0 20 um nylon £1lters w1th a sta1nless‘
filter holder equ1pped w1th a stalnless steel support screen

‘(Ra1n1n Instrument Co., Woburnr MA) Samples(were 1n3ectedﬁ

'w1th a 50 ul Hamilton syr1nge 1nto the 20 ul sample loop._
"

P

Four aQueous dilut1ons “of each standard organlc ac1d=
wege prepared for the cal1brat1on curves.“
. The workrng chromatograph1c condltlons were as follows'
:Vo"eluent concentratlon. 0 02N and 0; 0045N H S0,
e flow rate of the moblle phase° 0. 7 ml/m1n
. column” temperature- 65°C '
® sample sizes 20 ul
e Uy detéction: 220 and 275 ‘nm
L~ quantitationr based on peak area'measurEments ‘fﬂ
| 'Cheeses"were rlpened in low temperature 'incuhators

(manufactured by Preq151on Sc1ent1f1c, Chlcago, ih) at

e 6- 8° c, under the same cond1t1ons as in the @heese plant§

_ R \ e
% 4 Productxon of Dipry Products ‘

, ThlS sectlon descrlbes “the product1on processes of thep
'var1ous da1ry products used in this study. ‘Some detalls on
proce551ng and chemistry of these products are avallable
‘from a number of sources (Alfa*Laval Dav1s, 1976,,Hall and
Hendrrck,, .T971;: Henderson, ‘1971;f K051kowsk1, v»1966ﬁ‘
Kosihowski and MoCduot,'1958}htampert 19753 ‘Ling, 494#{;
‘eNewIander,'t971;.§asicgand.xurmann, 78; R1chardson, 1585;7
f'?Scoter 198i;rsfmonf‘1956rﬁﬁebh and/iihnson, 1956-hW11C034d
:“figﬁffiand Wilster, 1959). o | R
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‘3 4.1 Fluid products, non-fermented /w ‘ | ' . @

Raw milk was collected by NADP trucks from the bulk
tanks of surroundlng da1ry farms. It was refrlgerated from
the time. of mllkxng unt11 1t reached the plant, where 1t was
kept _refrlgerated in raw m1lk bulk tanks ‘until- used for

processing (not more than two days) ‘The_'average gross

composition of  cow's m11k ‘was: ~water,ﬂ‘87%;* fat, 3.9%;

u
lactose, 4. 9%, proteins, 3.5%; and ash (minerals), 0.7%.
Skim- m11k partly sk1mmed mﬁLk (2% butterfat milk) ’and
,homogenlzedi m1lk as well s cereal 'creamp and whipping
1cream, were produced from “rawfnmilkb (Table‘ 3.1). Partly

sk1mmed mllk and homogenlzeﬁ mllk were ‘a nuxture of skim®

l

mllk cream and v1tam1ns A 4nd D. Cereal cream, or Half and .

&,

Half ‘was . a mlxture of milk and cream that contalned -a

minimum of 10% butterfat ( F) Whlpplng cream was a°m1xture f

of mllk, cr;am, and any oné of several dlfferent stablllzers

v(guar gum propylene g?fcol _ alglnate,' carrageenan andx

locust bean gum) that contained a nun1mpm of 50%*BF The

- products were treated in the following way
o raw milk SR . o a

‘e separation into skim milk and cream A(centr1fugal

separator w1th clarlfylng and standard1z1ng ablllty,'.f

"supplled by Sentrlco, West1n Ont.)

| vO"blend1ng of sklm mllk and cream to form* paffi}

_a”"' sklmmed (2% BF) m1lk4 homogenlzed m11k cerealicredm
h %tand wh1pp1ng cream L » | ) .
e homogen1zatlon (h1gh preegfre homogenlqﬁr, PUfChased

‘from Gajl1n, Everat1, MATV” 3 SRS

L4



55

- S K
& <.
-
- ~T _, .
P B “ =
.. ..q . . N
’ --- oSt o8 ,y.u.. : 001 wgeJd |'w8uad
uvuseBe.aued dm— ,Av Oa (-3 4] o ] wesud Wc_n.n—:)
o..«,.!:...ﬂ? ot 8L 8z'€-£2°¢ %l L pez}ueBionon
L oo : i :  fu
a'v sujwela .94 I -T2 S0°T-86"1 poww) 38 A1 3 ueg
SRR o 9 - 8L 20°0-10°0 _ T ew wyxg
sjusypaJbul ((uo/6%) . (oe8) ’ (2.} %) ' 3onpoud
{RuUOo4 11 ppPY . eJnsseJdd. owy ) dwe | Iejueling - S AT e
SR U0} yezjusowoy — > T . -
: ’ % to_unN_..:o«nmn. i : e
T " R T -
b *SUO IWD} S 08TUS 3ONPOouUd daYN "1 'F 21qe]
- - ’ IE—— e A ] e o
- ) § - 5
. wo - ,
| : | ,




O R T
o iy |
& addition of ingredients (stabllxzeks supplied by
Food Speciality, Holton Hzlls, Ont&, and vitamxns
from Kzngsway Chocolate M1ssxssauga Omt.)‘ |
° HTST (hlgh temperature short t:me) pasteurxzat1on
" (continuous f£low plate heat ~exchanger,' from APV,'

| Westlnl Ontn) o .

. packaging of the product ’ : o n

3.4;2 Fermented'products‘ S . o TN 4

“‘3 4.2.1 Cultured buttermxlk J | ) :'x;

| Buttermllk was a partly sk1mmed paéteurxzed m1lk that
_had been fermented by lactic culture (Streptococcus
,Jactls) and by aroma bacter1a (Leuconostoc cnemor?%) The

,resultlng aC1d curd was characterlzed by 1ts pleasant aroma'&w

A
and flavonnrkCultnred buttermllk contazned 1.8% BF and 88. 5% o

:‘ .
: , : », 2
m01sture. It was made as follows- : o

.
A : b

a . bléndlng of 1ngred1ents (cream, skxm m1lk s 2% of
S sk1m milk: powder and:0.005% gelatin) e
o s

.. homogenlzat1on—.v (175 e kg/cm‘; highﬁ .ipressure':

homogenizer)’

. HTST‘ pasteurlzatlon (80° C for {sp sec;- o&ﬁtinuous

flow plate heat exchanger) S | L
. add;tron Stneptococcus Iabtfs' and',LeUCOnOStoci”
- CFEMOPISr starters (supplied'rby~ Nordica - Ltd;,

'Mlss1ssauga Ont ) 7‘:~5 “ '.n“ ' -

° sett1ng at 23 C for 14 hr or unt1l pH reaches 4, 6
X3 agltat1on and cool1ng to 4= -5° C W”} :

. 'packagang and storlhg at 4°C (fznal pH-4 6)

s 2 9 RN
'J o W e Tl e W ¥
PR S S S T RN o

\’.



3.4.2.2 Naturalvyogurtd

Yogurt;'as a cultured milk product,‘was turned into a -

| thick creamy curd by the[actionsof LactobacIIIUSHQU]gaPlcus
and ‘Streptocdocus thermophilus. Tt contained 2.0% BF and
86 3% mozsture, and was produced as follow5° '

e blend1ng of 1ngred1ents (cream, skxmdmilk, 2% skim

. milk powder_and‘o.sx gelatin)

e

o homogenization (175 ikg/cmj; ~ high pressure'

. homogenizer) _
e pasteurization (80°C for 150 sec; continuous flow:

- plate ‘heat exchanger)

addxt;onv of Lactobacillus bulgaﬁicus * and
Stréﬁ%OCOCCus‘. thermophflus (1‘1) as starters
(supp11ed by Nord1ca Ltd.; Mzss1ssauga Ont )

. gittlng at 43°C for 4 hr (or until. pH reaches 4.4)

] ag1tat1on and codﬂ1ng to 4 -5°C )

. packag;ng and storing at 4°C (final pH=4.%%'. 4

3 4.2.3 Sour cream
Sour cream was an ac1d gel accompanled by de11cate
flavour which resulted from the growth ‘and act1v1ty of

. Streptococcus Iactis and -ilavour-produc1ng Leuconostoc

\

cmemorls on llght cream. ;) contained 15.5% BF and 74.5%
/. .

mo1sture, and was produced follows:

-f”blendlng of ingrédients (cream, skim milk, 3% skim
milk powder and 0.25% gelatin) ) - o
‘o homogenization = (175 '»kg/cm’;' high  pressure

. ¥
‘homogenizer)

1

\ il
B o

% HTSTQpas,t{eurization"'(8'0°‘C ‘Efbr 150 s\ec.f;, conti"n‘uou‘so‘



| S T O ¥ T RSP, S
B ", flow plate heat exchadé%%l‘ h;x;?l o .”, K d ;i ,
| add1tlon of Streptococbus is" and &euconostoc .
cnemor!s -as starters (suppl:ed by Nordica Ltd.,

Mlss155auga. Ont.)
e setting at 23°C for 15 hours (or until pH reaches
4.6) | | |

agitation and coollng to 4- 5 c

e packaglng and.stor1ng at 4 C'(final; pH=4 6)
3 4.3 Dehydrated prodnctsf ‘
These  involved skim milk and buttermllk in powdered :

'forms. _For thelr productlon, raw milk was separated (at
49°C; centr1fugal separator purchasedr from De Laval,

. Peterborough, Ont.) into cream (58% BF) and skim milk (0.04%
BF). The‘cream'was used in the production of butter (80.5%,“
BF and 17% moisture) by a continuous churn1ng process with
buttermllk (0.9 BF) as a byproduct. Buttermilk powder
containedVS.SX butterfat and 4.0% moisture,iada skim'milk

" powder contained 0.9% butterfat and 4.0% molsture. The

'buttermllk and sk1m milk were dehydrated as follows | ”

e 1j uld buttermllk or skim mllk , . e ffﬁhw
° 'preheating‘to 80°C " . |
e Ist staée evaporation (64°C and vacuum-breesurEﬁ;ji;
. 98.3 kpa) ' | |

RN

2nd stage evaporat1on (52°C and vacuum prigsure'-f,zf
g

81 3 kPa), concenE?atlng the product to 45% solxds I

(the faI11ng f1lm evaporator was . obta1ned from

'%:" , Major1ca Bgothers Chzcago, IL)
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e .spray drying (product iéﬁa@omiged in a stream of hot
air, temperature - 215°C; the spray 4&??
obtained from MaJor1ca Brothers, Chicago, IL)

e air lock (the secondarx burner reheats the productrl

to 99°C) .
"9 “transfer and mixing of product by auger
) 18t stage cyclon separator (air 99°C)
e 2nd stage cyclon separator (recovers small powder
- partlcles) IR _— g
po cool1ng to 25 C
o packag1ng in polyethylene bags

-

4

3. 4 4 Cottage cheese

Cottage cheese,_so?t”uhripened‘white cheese, was made

1

from milk to which cream; salt, starters and rennet were

added. The  starters were Streptococcus : lad%is and

Leuconostoc CPemoris. It was a lactic ac1d prec1p1tated type

- of cheese, to which ‘the rennin enzyme was applied only for
_the purpose of speeding up curd precipitation. The product
with 2.0 BF and 72.6% moisture was produced by the

following process'

."'V

5

° skzm mlrmV(called cheese sk;m)

_,(72 C for 16 ,séc; .pésteurizér

;ngred1ents (cheese skiﬁ- sklm milk,




3.4.5 Cheddar cheese - B 4
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CPeMOPis as 4% starter culture (supplled by Nordxca’
Ltd., stsxssauga, ont.) at 31.5°C |

addition of .0.00001% of na;uralv'renne% (single -
strength, 'suppiied by Hansen's Laboratory ‘Inc.,
'Mississauga,‘Ont.); rehnet activity. is 88 units of
‘renoin per ml, or enough to obtain desirable ﬁfrmnesé
of the cheese cloth in 5 hr’ | .

incubation at 31.5°C for 4-6 hr (until pH reaches
4.7) « | o '; _ o o~
cuttlng into curds at 38° c ' : : -
cooklng the curd to the;»rigﬁt firmnesénl(until‘
49-54.5°C) - ";- S |
draining of whey;‘ 4"

‘cura-rinsing (3 times) .

additiou'of selt (Naci, fine mesh, purchasedrfrou/
sif;o;'Uni£§, sask.) . D., |
addition, of 'cheese ‘dressing” (0. 17%)' made fby
blend1ng m11k and any of the’ folloW1ng stab111zers-'
guar gum, mono and dlglycer1des, xanthan gum, locust
~bean gum or polysorbate " (which was then’
homogenized at pressure = 175.kg/cm?, and pasteurxzed

. at 85 o} for 150 sec)

2

’,

Cheddar; a very 6lose-téXtured tirm;bodied'cheese‘with

. a pale creamy colour and ‘a’ character15t1d flavour, ‘was

- obtained WIth the act1v1ty of Stneptococcus cremorls (a

.'mzxture of f1Ve stralns _the exact composit1on of whxch was ST

@
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changéd ‘every 2-3 veeks). After packaglng,* it contained o

34 0% BF and . 36.5% .moisture.. It 'yas produced by éha

following process:

e whole milkx(3.6% BF)

r‘fj’fw.f :

° 25 m1n later, mould1ng (32°C)

Montreal, P. Q ) overnight: P-295 kPa.

e HTST pasteurization of milk (72°C -for XJS{ se%i

pasteurizer obtained from Crepaco, Westin, Ont.)

addition of 2% starter culture of. Streptococcus
cremoris (obta1ned from Bio' ‘Lac Company, Logan, UT),
at 30 c . 4 . . “ ® At

ripening for 10 min (until t1trab1e ac1d1ty reaches

0. 22% lactic ac1d)

add1t1on of Annato colourlng (0.003%, obtained from
Jenco Machinery Ltd., Calgary, Alta,) _ |

addition of 0.3% rennet (microbial and natural
rannef,’2:1), to obtain the desired firmnesa of thé

chqggg cloth in . 25 min; .obtained from Milles

'Dabpratorles, Beossarb, Ont.

curéﬁ§ett1ng for 25-30 min’

curd cutt1ng

,[after_15 min, curd cooking (38°C) for 30 min

whey draining (pH=6.1)

cheddaring and curd piling i

end of cheddar1ng (2.5 hr later; ac1d1ty 0.51-0.6%)

curd m1111ng at 33°C ,

dr salting (0. 2% NaCl)
Yy N¢j$9

pressing: (vert1ca1 press purchased
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e vacuum packaging in polyethylene bags

e ripening at 8°C for 6 months

3.4.6 Camembert

Camembert,  a soft sutface’ Omould (PenlcilllUm

" camembertl) ripened cheese, was made by 9 starter culture

consisting of both Streptococcus lactis and S. cremoris. The
finished q@eese’contained 22% butterfat and 55% moisture. It
-was produced as’ follows: . | | -

e whole milk (3.5% BF)

e HTST pésteurf;;tion (75°C for 10 sec; paéteu;izer
purctased from APV, Westin, Ont.)

L additiop of‘ 2% culture consisting of.StPeptooogcus
lactis énd S. cremoris (Flora Danica, supplied by
Horan-Lally Co. Ltd,, Mississauga, ont.)

e after 20 miﬁ, addition of 51ngle strength natural

‘ rennet to obtain the desired f1rmness of the cheese
cloth in 35 min (0 012%; supp11ed by Hansen's

j‘Laboratory Inc., M1551ssauga, Ont.)

e addition of mould (0. 005%), supp11ed by Laborator1um
Dr. Kohler, GroB Lobke, W. Germany)

° cuttingvafter 35 minﬂSpH=6.22)

. ﬁoulding into'forms | }-

e turning 3 times pervday (24-29°C) |

® next day, salting in a brine bath (20% salt) f;r 35

min

testing in the cure room for 778 days, at 23°C and

drying for 2-3 days at 20°C, RH=40% : S



h T - R *
RH=50~60%
e drying in cold storage for 4 hr, at 2° C and RH=30%
® wrapping in perforated alnm1num foil
. r1pen1ng for -4 weeks at 10 c
3.4.7 Quark _ ‘
 Butter culture (Streptococcus cremoris, S. lactis and

b . - -

Léuconostoc cremoris) is used fo;‘ngrk production. Hence,

nQuark‘wa;Zessentially adlagtic cﬁfadéﬁeese, which contained

13.2% BF and 75.Q% moispure. It w;s~ produced by the

followlng process: | |
® whole milk (3.5% BF)

® HTST pasteur1zat1on (75°C for 10" sec; pasteurizer
purchased from APV, Westin, Ont.f‘

e addition df- culture 'consisting of Streptococcus
cremoris, S. lactis and Leuconostoc cremoris (Flora
Danica,' " supplied by Horan-Lally Co. Ltd.;
'Mississauga; ont.)

. adéition 1 hr 1later of single-stqgngth ‘natural

drenvnet (0.0007%) to obtain the desired firmness of
the cheese cloth in ’8 hr (suppliéd by Hansen's

"Laboratdgy Inc., Mississauga, Ont.) -

e curd seftiﬁg¥for 8 hr at ambient temperature

¢ slow curd pressing

. drainage of vwhey overn1ght, when pH=4.6

e addition of pasteurized ch1lled water (to soften the
curd) and preservatives (0.02% potassium sorbate),

. péckaging and storing at 4-5°C
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3.4.8 Prdlled Mozzarella

Mozzarella was produced ?rom milk by the addition of a:
culture conszst1ng of Stneptococcus Iact’s and S. cnemorls. h

The product contained 20% BF and 45% moisture. It vas

produced By the followingvproces§:

partly skimmed milk’ §2.7% BF;' separator from De
Laval, Peterborough, Ont.) |

HTST pasteuriéation of milk (72°C for 16 sec;
pasteurizer purchased from APV, Westin, Ont.)

cooling to 32°C

addition of 1.5-2.0% culture of Streptococcus lactis
and S. cremoris '(suppliea by Hansen's Laboratory
Inc., Mississiauga, Ont.) . .

after 15 'min, addit;on of ‘éingie—strength' natufal
rennet to obtain fhe desired firmness of the cheese
cloth in ‘45' min (supplied by Hansen's Laboratory
Inc., Missiséauga;ﬁOnt.) '

curd setting,foi ;g min

~cutting (acidity=0.11%)

after 15‘min; agitation

cooking at 38°C for 40-45 min
drainage of whey (acidity=0.13%) . S
‘washing'with water at 21°C (acidity of whey:g:j§}}
dtainage.of 75% of the water | .
preSaiting and stirring of the curd (NaCl, Vfﬁng

b

mesh, purchased from Slfto, Unzty, Sask.) T

, dra1n1ng of whey (ac1d1ty-0 18 0. 20%)

curdfsaltzng (NaCl fine qighn; e .

I ‘\’_ \\ ’- '%i’
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o agitation for 5 min

o hoopﬁng and pressing overnxght (vertical - press

- purchased trom Falcorwuogptotl P. Q )
e vacuum packaging in polyetﬁylene bags
e ripening at 6-7°C for 2-4 veeks

3.4.9 Ricotta

G
¥4}
«" “‘ K

¢

Kl
P - N
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R1cotta cheese is ptoduced by heating of ac1d:f1ed~whey&

W
to 65°C. It is a high moisture, lou fqt, unrlpenqd cheese,”

with no culture or renn®t adde a‘"vsually, press§§ Aozzafella

wvhey was used in the production of, Rxcotta. It
0.5% BF and 75% moisture. It was-producedabgighé
process: _ | % i" f;AQ ’

* mozzarella whey (68% of total batch biendr

s *

"
M B o

e heating to 65°C ‘,}' “;"‘ oA .
£ 0NaCl)

e addition of 0.2% (of total batch blenéa?ar

® addition of 1% (of total batch biend) crem
BF) , S “if“f' é15=

e addition of 25% (of total batch blqu) m
BF)

-® heating to 83°C

® addition of ricotta whey (6% of total batc
acidified with citric -acid |

° sett1ng_for 5 min, during which time curd

7

—_—

the top
o skimmzng ot the curd ‘
® curd dra1n1ng 1nto perforated plastzc conta

° packa91ng, cool1ng to 4°C overn1ght and sto

qonta1ned
£ollow1ng

L |

l‘o

m (30 35%

)‘
Va
i
3

i1k (3.3

h blend),

iners

ring

rises to-

ooy d
a1

.\_'A.v-‘
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A

‘3.4.10 ttrqtchod or szza Mozzarella . .
Pizza cheeae was a rennet curd cheeae, where the curd
vas ’ooqked at higher temperatures and acid ripened by a
 mixture of Streptococcus lactis, 8. cremor|s, thob;lllus
bulgaricus and S. thepﬁophllus. ﬁhan made from partly
'skimmea milk, it contained 15% butterfat and 52% moistura;
It was ptoduceq by the following process:
e partly skimmed milk (2.3% BF) .
‘o HTST pasteurization (72 C for 16 sec; pasteurizer
purchased from APV Westin, Ont. ) - l ¢
] cool1ng to 32 C
oMadd1t1on of 1,5% culture (Stneptococcus lact s, SLA
cremoris, Lactobaclllus bu?gar'lcus and S.
thermophlibé? scpplled by Hansen's Laboratory Inc.h
,M1ss1ssauga, Ont.
e setting at 30 C for 30 min
.o add1t1on of s1ngle strength natural rennet to obtaxn
the desired firmness. of the chebse cloth in 30 min
(supplxed by.- Hansen's Laboratory Inc., M1ssxssauga,

| Ont.) d’ -

after 30 min, curd cutting ‘ -

e°

‘e after 10 min, cuf§'c00king (46°C) for 1b.min'

e after 10 min; draining of whey (pH=6. 1) ) T

e curd cutting, turning and p111ng, andl whey is

removed completely (pH=5.2) | |

. curd m1111ng at 39°C (to- form long atrlps)
0 curd cbokmg in hot ‘water (73 G@ and smpl

’cu;d stretching - *

L4




8 = N ! .
L e curd moul_ g. at 45 C o ,
co ;:_ curd coo&1ng by dxpp1ng in cold water" '_.“ - jp
; o Ty L ;
. e salting the cheese OVérn1ght in a 20% brxne bath
L vacuum packag1ng in, polyethylene bags _ o
3 . czpenlng for 2 weeks at 6-7°C R |
. ‘.<a s » ) ‘ 5 ' " X
/3.4, 11 Danxsh chaeses ‘ ;."f | o 7i’f - ~*’;j ‘
R Although. a country w1th a hlﬂtorlcglly famous dairy BN

;1ndustry, ﬂbnmark has never become known as . an. "or1glnal .e;'
v‘cheese country Many cheeses are produced but the bnggest t

'export cheeses are- Camembert,‘ Danlsh blue (Danablue)

(o PR
L . 3

]H‘avart.l. .and, S-amsoe- Sl S ;, <
T R i Y
i'_4f3 4 11 1‘Camembert . R S I R
- Camembert is 'a  soft ripened _cheese,t'made \frOM"t
- 'pasteur1zed m1lk by a procedure slm11ar to that of French_w h’
-7L5'Camembert (see 3 4, 12 2) Lact1c ac1d bacte%la are used asf
; gstarters. Penlc:l]ium camEmbentl produces a whlte crust w1th' .
- ‘\j . : N
; a soft centre when r1pened It contalns 50% BF ‘in dryu~-77'
’». . : = ’ ) - ' ’
o matter. SR “; ﬁg" R R ‘. -
. Ehy B a /b o .‘.‘ : o ) ) . ' T :
4\ e [ R S
3. 4 1!%2 Danabluer, ;1f S “.; 'ﬁq_;ﬁgf R D
, ;Lifu Dan1sh blue cheese is- an 1m1tatldn of Roquefort but 1s:c:'?“'
A T Y < .‘*
made from*cog s m11k It has ongy a lzmlted r1pen1ng, and 15;

laek1ng 1n the f1ner po1nts of the trad1t1ona1 que-ve1ned

Qarzet1es.‘1t coqxamns max1mum 47% m01sture and 60% BF 1n’§j;j-

jﬁy dry mataﬁr. It is manufactureé 1n Ehe same way as ROQueforta_i,,;

| (see 3 4. 12, 5),‘v1th the follow;ng exceptxons~>f$ : ;ﬂ‘
\a ':: ‘*4. ;.0‘{' ‘ N - ‘// o "' ‘.‘: ‘,' S 3 ‘»‘;,. _.’_ : 1,°.‘ ‘ ,



. homogemzed cow s uulk is used E » "&* " ‘
e rlpenmg perlod is shorter .‘ » ' T ._ ;,.;,'
o . salt content is hlgher G AT d' J}’V
B “9 mould B spores ,(_Penlcll]i.um Candldum - arid_ P
—‘ -"-—:, R nﬁ.lef-ohti) are mcorporated 1nto the | curd | a"nd"‘
6 *d" s%bmg or 'p;xercmg is very effectlve 1n promotmg_
their growth \ ,)% oo VR ‘
3.4.11. 3 Feta. | "" .
o o Although usually made from sheep s milk, cow's m11k has -
'a'.been used in the productlon of Feta cheese. It 1s a soft
- _.,f,brlne p1ckled cheese wh1ch contalns 22% BF and 52% m01sture.‘ . '.
L " It 1s produced in the followmg way: S o
';‘ Ovpaf*eurlﬁatlon of cow's milk (65 C 30 mgn) , C ‘
',: e coollng to 32C - S ' ﬂ:iﬁ

‘e "addition -.of - 3% starter (Streptococcus lactic and
L v oo e
. S, cremoris)
xaddltlon of 0. 02% CaClz.

- . add1tlon ofirennet (Q 02:) i i
¥ o after 507150 -min, cuttm f the curd .
| 0 fter 19 15 min, dramage of whey' ‘ B )
’“. éjry saltlng 'for¢2 %ws (6% sal’- 1né¢rpo¥ated)
..0‘ 1u1u\xe‘ﬁrvelos mv 16% brme for 24 hr ..

Y

H:{Vartl %S%fem hard varlety ‘that is softer tha‘n'-’-"
toA er sem: haxd cheeses du@ tb the growth of m1croorgamsmsx .

a org\the rmd It has ‘Jﬁellov body w1th small ;rregu_lerlyg-

[ “a

J( .“_ ‘. ‘J | . : | * ".a;.. q‘, : ": i ’ ﬂw
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v ™

| shaped holes. It conta1ns max1mum 50% mo1stu!e and 45% BF in
‘ dry matter, and 1s produced 1n the follow1ng way.
e pasteurlzat;on of milk (3% BF) at 70 72°C for 15 sec~'
. coollng to: 30°C ' ‘ \

o addition of_ 0.7% starter, saltpetre (0.01%) and
rennat (b:03%3d e

o after 35 min, eutting = = T ‘
s . fstirring for 15 min _)‘-: ) ' f'
e drainage of 33% of whey e o i

Ce 7add1t10n of hot water (55 C) to reach 36 c

£

. add1t1on)of*salt (0 2%)

* stirring for 10 min

_10»_%gainage of rema1n1ng whey
e moulding |
. ) ' B \}:L ) . . R oo
e frequent turnihg o -

e s
. 1mmers1on 1n water (18° c) ovevn1ght

¢ next day, immersion -in ‘24% Br1ne (12°"3ﬁ

* forpg days |
\ o dra1nage for 1 day (145¢) *\—] L IR
R 0%‘r1pen1ng for 5 weeks (16 c and 90% - RH) e
S o‘r1pen1ngfor(4vﬁgeh (11—12 C and 80% RH)tb
- e o ‘ . S . ’
3. 4.11.5 Samsoe T I R T e
¢Samsoe 15 ‘a Sw1ss*type cheese that conta1ns a44- 52%.

CE

‘%mo1sture, and 43% BF 1n de'mag\er. It has a- ff?m body and
holes. s1m11&t to Sw1ss cheeses. Samsoe produced for export
1s mat %!f for 5. months. It . 1£ produced in the followxngf

, L : BT . N ‘~
. pas§§§r1zatxon qf m11k (3} BF) at 70 72‘C for 18 sec

Y S



~.® cooling h&ﬂ30‘c.

L
. addftion of 0.7% startér
o after 10 min, addltlon of rennet (0 03%)
: ) D
L aftég}BO mln, cuttlng
e stirrin for 30 miW A
i g, .

° dralnage of 33% of . whey and st1rr1ng of curd for 5

min . o i s oY
e addltlon Qf hot water (65 c), to reach 37” ol

. st1rr1ng for 20 min ] R B -
" e addition of salt (0,02%) - - R
:0 .srirrihg for 50 min. | . 5
» & drainage ‘of whey | ‘
. ‘Pmould1ng '
- pre551ng for 25 min in vat L i
. ® pressing outside va;;»(zo c), fo;  36‘ min without
. cloth o o
. wrapping in F1oth and'turniéﬁ |
e pressing for 3 hr (20°C) # . ,
* pressing for 16 hr (14°C): = - | IR
o immersion in 24%‘brine\(12°C5-f§r 3 days ‘,v   5

.o dralnlng for a day at 14°Cc o
° after 7 ‘days,. transfer of cheese 'to r1pen1ng room -
‘(17°C and 85% RH) for 4 w%eks . f f: ‘.(>x

v

- Lorm - transfer to second r:&gﬂing room (11;]2°C'ahd'30;733f

transfqr to th1rd r1pln1ng room (10 11°C and 75~ 80% |
RH) ‘ r . T f

° wax1ng when chekses are 6-7 ueeks old

N AT : '-~, N ~ e,
. ' - N . N : ) ST o . oo
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3.4.12wrrcnch‘cheesés - W,d‘ o .

France leads all other natrons in number of named
»varxet1es of cheeses and in cheese consumptlon. A' | ' §g
3.4.12.1 Brie Lo

"315 produced 1n the follow1ng way: '1-“ > S
&

P

,6urface~mouldnn1'ened soft cheese. It is one of th mos

U

Brie 1s m%as1ca11y ‘the same . as . Camembert,

4
[

ot

%
dellcate &heeses and the greafest care is necessary il its . -

manufa ure ripen1ng, storage and, dlstr1but1on. It contalns
max1mum 6% m01sture and m1n1mum 40% BF in dry matter. Br1e

3 Y
i

.. ﬁasteur1zat1on of milk €65° c, 30

by
i%kt» 'y add1ﬂ¥on of lafglegsc1d starter, renne;_and moulds :

° 1ncrease 1n temperature .to 31° C

Y .

Ol‘aftgr 2-3 hw, cuttlng w1th a wire kn1fe

o'-,. ‘hoqp1ng onJ falnlng boa‘t'd o - - . “ -
8°C . . ‘ ‘ ‘ - ‘ )

5}‘dra1n1ng at
o pil1ng of hoops and standzng for 24 hr } ”ﬁ@a
e hoops fastened w1th metal r1ng and stand1ng for 17,

: 0 . ‘. . o . , . -
) e . ‘_ LA ) % " : P

daY - .

o

. drytsalting daily for next 243:daYS ‘\fl)icv
first stage~of ripening in a well-éentiiated roomrat

‘ N . : o - Ce e » o
B U L E T S PR A *
. : . . , : - ) vy Cow

° atter 8 days,wdeveloplng of wh te mould (Penicillium

’ candfdum) RN S i .
e ched%e transferred to a chamber at 11°C and 85% RH
': o_ under‘ffthe 1nfluence o; . the , mould growth 7
: creamy-yellob curd changes to yellow and fxnally

»'t"f?reddich/“ ;' v"by_l.:,ja;f

3
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3.4.12

Alosy w;th Br1e,¥ Caw

famous names concerned with soft ﬂsurface-mould-r1pened flat‘f'
“5;eese. It is fit for eating 1n 4 to 6 weeks, It conta1ns}
'gw'mum 48% mo1sture and m1n1m§hw45% BF in dry matter. It 15
f duced in the follow1ng way: ﬁft , L R
. pasteurization of milk (gséqj 30 min). ‘4
' -;_ cooling to’j33-34°c.' ‘ | o a_;’g‘, |
e ~addition of 2% lactié acid starter )
.. e 1 hr later, add1t1on of rennet (0. 016%) )
¢ coagulation occurs in 25'min ‘\ a t
° cfutting in 70 min =~ ‘ el . ;e
i o mouldlng ongﬁra 1ng mats 7
| ° dralnlng for\5 T"(ac1d1ty of. whey, 0 ; =0.7%) . g
n -:.»turn;nge chgsse’ and:dstand1ng overn1ght (room
.  temp., 22°C) if", AR A :
' v; next mornrng, pemoval of moulds N 3
. tran;fer to salting room (18-29-C) N -
e -after 1-7.5 h ;‘drf,salting and soraying<witn mould
. culture | | P E 'i '
. ‘e 3 hr later; tu n1no and repeat1ng the prev1ous step
| te. 1 hr later, salting is repeated on the' other surface -
o e turn1ng of ‘the: cheese gﬁizgrg }x;’,;nﬁyjth .
< e removal of mat and - turn;ng'of the cheese . _
;! transfer to another room (12 14 C) and storage for”
. o= 12 days'jlt'> Y o :
T anhag1ng %ﬁ | ‘ig‘ )
ﬁ; L soﬁt lactrc acid cu;d becomeg f1rmer as it drzee out

. o
s

r . . J ¥ .

S : T A
C e N wite 4

) . L
.2 Camembert , - R

v"‘

¥ . *
’ v§= . ‘:. Lo L e e T * ! ’/
Lo . A : O . ‘ .;\E

bert ia, one of the tvo mo;t~



ci‘eamy co—l \ig and the body bécomes ‘

o cent ral whxte‘

* vthmner aas the proteofy%)c'r%‘?and 11p91ytic enzymes.'

produced by the Penicillium. candldum (camembent M

d1ffuses mwards - coo s . ke

B L] when chalky layer d1sappears, cheeﬂe is rlpened

v 3.4.12.3 Marcillat

[ . *

. : " Marcrllat is a goat s mllk Gheese, made follow1
.o *

bas1c Camembert- procedure (see ?.4.12, 2) It is a surface-

>. mould-r1pened Cheese (Penicilliual candidum) Lactic ac1d

o ;j‘f”ture and salt are added. It contams ‘50% BF in dry'
" : ‘ ). ‘ . P :
e, ] W
Goat s.milk is about as r1ch as or sl1ghtly r1cher than
' ¥
{ ‘ cow 'S m11k The flavour is, us allx strong and character1st1c
because of the pAdommance'Aof low fatty ac1ds (Cs, C‘. and
. < ' Y
Cio) in the fat of goat s’ m AR
& . ' -
$3.4.12, 4 PorteﬁSalut J -~ f(\ ' e

Port Salut 1s ‘the most famous of the French semi- hard

%} varletles. It is elastlc .and the m1n1mum fat 1m dry matter:

]

is 42% \The productzon process is as follows:
;' L. pasteunzatmn of uulk (79°c, io sec)

. , e coolmg to 34°C

-} 9.\:add1tlonr_v _o: 2% lactxc ac1d 'starter (from. Flora




e drainage of more whey and curd hgat':@ﬁl%»gs.ﬁopc‘
'.Lﬁéyff 'M*“Qﬁidinq*on dra?nxngehoards

‘matter., -

¢ . ) ) L. -
AS .

‘e add1txon of 0 01% CaCl;, colouring agent and rennet

.. . . g

v

g e after*@S min, cutt1ng of the coagulum » 4enﬁ

il o
=) dra;nage of whey and stir 'ng for 35 Mxn (un&ﬁl‘

ac1d1ty of whey reaches 0 11%

ﬂ~&,'*l

)

° press1ng of the moulds for a few hours and regv

v

turn;ng . L .:-“ ‘ “,'Jf;, w \;ﬁ
¥ ’,‘);

. ® salt1ng of cheese and 1mmersing 1d‘hr1ne for 7-ﬁﬁsﬂ?
"o rlpenlng 1n cellars at 12 C and 85%. RH a . ZXREY
S 'iﬁ? QA
: . o j& k i"‘ﬁ SN,
3.2.12.5 Roquefort ‘ A . “’~'f 4 :
L “Hhy & .

Roquef rt is the most famous ewe's mxlk dheé ‘;Qaiﬂﬁﬂg

L s
N .\ ‘-,

[of the most) famous blue-ve;ned var1et1es in’ the world IE“ 34

matured 1n natural caves.1n Roquefort. It is very m1crobip:

logically stabledend conta1ns 52% moisture and gax BF- 1‘ dry‘

s * .

Ewe's milk is ‘richer in fat, non-fat sollds,r and
T s e b o

:+ certain Vitaﬁins-than'cow's milk 7andvthekhigher content of
certa1n lower fatty ac1ds results 1n ‘the productzon of a-
'characterlst4c and strongly flavoured cheese. Roquefort is-

'produced as follows'

. sheep s m11k not pasteurlzed or sk1mméa>(28 30°C)
o’ add1t1on of . rennet

after 2 hr, cutting of. coagulum

o

‘o dra1nage of whey

o

. 101nmulding in perforated Aéylindrical moulds and

3?_;7 fffjéiﬁﬁiﬁanedus sprmklmgo of anlcllllum noquefortl.



e&i“s

ot
3

.GOUQQ o

‘follow1ng way.,

- 18
| s

(]

spores - | . ’
e draining for B-Zrdays on tables (pxled 2 or 3 moulds
high'on'the 2nd ¢ 3rd day)

.“hilling at 12°c€ %bx RH , ;
e after 5 days, sal 1ng by hand over a 3- day perzo
g o stabb1n§ of cheeséi,wh1ch results in an atmosphere

of 2 7% oxygen in the 1nterzor of the cheese
- e maturing in caves at 5- 10°C and 95% RH

"; scraping ahd b!&shlng every 14 days _EOr &the 3

o months! ripening in the caves
¥ . R !

3.4, 13 Cheeses of the Netherlands ‘ | : E .
Qhe two best known Dutch var1et1es are Edam and Gouda.

Holland is cons1dered to " be - one of thev most progress;ve
“ .

: cheesemak1ng countrxes 1n the world (Dav1s, 1976). Edam and.

re 1nvest1gated in this study.

C . e~

- 3.4.13,1 Bdam : Lo SR

°

Edam -is also known as "Dutch" or sxmply "red cheese.

)It has a c}ose texture and mxlk flavour,‘ with. 38-44%

"mo1sture, and 40 45% BF in dry matter. It 1s produced in the

29 >
.

. pasteur1zat1on (75 C, is'-seo) ‘of milk (2;45~2.95%
_~05 add1t1on o€ CaCl, (up to 0. 02%) _

o addition of‘ﬁalog (up to 0.02%) )
e colourxng B I | ‘;) e

. add;txon of 0 5% starter (30°C) and rennet (0 03%)

after 30 min of incubation, cutting ”d,,;jf



“ii

%

3.4.13.2 Géuda - ’.- | \ L N

76 *

< .

° stu‘rmg for 20- 30 min

4 e drammg of 50% of whey - -
° addx‘tiq‘n of vater (up to 25%) at 50-60°C
~ e stirring for 30 min _ |
e after 36 \mm, temperatux;e ad)usted to 36:’& (curd
pHe5.3) P ek
U ’drainege of whey' v ”
e pressing of‘oufd fér 20 min -“N e o
. moulding' ? w:ﬁj | _
e pres§1ng for ;0 min-3 hr - v o
J _dtpprng 1n hot wheym?50v55 °C) and tnmnung E
$ﬁ%z ® pge551nq aF greatgr  pressure for longer ‘fime.'

'(15-20°C) |
+ ‘e salting in 21% brine for 2 'dayst ‘
o drainage and drying at 12-15°C, \RH485-90% \
. ’ . N _’

*

e wrappiny§ or waxing \

e ripening at 15°C“for, 6 weeks:

.

Gouda g’s' similar to Edam, vbut is not ao firm and"
rubbery, and has a md!‘e wa;cy body, with a few small holes.
{t has a yellow colour, and a bland flavour. It has 51% BF
in dry- matter, and the maxlmum moistyre at 10 days is

44-45%. The culture used is a m1xture of Str'eptococcus s

'lactis, S. lactis var. hpllandicus and S. diacetylactls..
‘Gouda 1s produced in the fo.llowmg way: .

. pasteurlzatlon o!whole milk (75° C, 15 sec)
° ooolmg to 31°C ' ' '

- addition of stazter (0’-.‘%7-‘ NaNO, (O 005%) and CaCl,;
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(up to 0.02%) |
. additidﬁ of Annattoﬁcolouring (0.022%)
. 1qapbatzon for 10-30 min -
o addition of rennet (0. 025%)
- o after 25 30 min, cutting
e Astlrring for 20 mtn o
: | ) dra1n1ng of 50% of . wﬁey
e addition- of hot water (60°C). to reach 40 o

e after 30 min, pressing of the cﬁrd under the whey

o éhttingfinto‘blockﬁ'
L removdﬁ frdm whey
“essmoulding T e L1

'\i> R pressing for up to 5 hr (aéid}ty,ef-whey,.0.3x)
v ‘ / e immersion in saturated brine (15°C) for 3-5 days
(cheese prS.Z) . )
] dryipg for 1 day ‘ ? :

. packaging in foil or.coating wif plastie

Ow‘ripening'at ¥5°C for 6 weeks U
‘3.4 (fG Swiss, cheeses %P‘X ‘ B h
"Swzss cheese meaqs a harducheese with yell developed
: holes or eyes. The two best known Qar1et1es are Gruyére and -
Emmental, The characteristic eyes]of Sw1ss cheegzsare'the
redhlt of seconaary fermentatlon in the cheese (prop1on1c
ac1d formatxon) The high temperature employed for Gruyere
1rr largely respons1b1e far* the fever ang . smaller holes:

’ compared wzth Bmmental ‘

H

1 . . . . o )

- . [



3. 4 14.1 Appenzell . |
: Appenzell resembles Emmental cheese (see 3.4.14. 2)

w1th a few except1ons. Appenzell has only a ‘few small holes
J
and conta1ns 50% BF in dry matter. The culture used 18@’

lactlc acid starter ‘and a ;nopxonlc acid culture. During
productxon, the chegse is immersed for a fey days in spiced

white wine ?r cider. tn the r1pen1ng stﬂge, the cheese is

LR

rubbed with brine- soaked cloths at 1ntervals.{, , “'ﬁ~. .

. A v g .’
3 4. 14 2 Emmental ) .w@", '

I3

\”( '
Emmental is the most 1mport§ﬁt variety in 5w1tzer1and %

My Ry

It has many large holes, and contains: 45% BF in: dasy matter. ol
. L -

‘1t is prOduced in the follow:.ng way: | '. R

1

° prev1ous evening's m11k kept cool overn1ght %ﬁi'

-~

1nocu1ated with 0 01% starter (Stneptococcus ‘lactis

L

_and S. cnemoris) ‘ c: B

° mornxng milk . de

. ' \
‘& -standardization to 2. .8-3, 1% BF | .
iy 1noculatxon with §t t “f“ - 'henhgphflus and

-qu;ture? of Lactobaclll

R A
B t ’< | : +% - ’ ' l‘.- v
. a*i}:ioﬁ ofy renmer-. ) clbt ‘mek m 20 30
. ‘. 4‘ s ) _ Lk . ‘./., K , ’ (_,', ‘
min M A «
.® addition of pure water 0 the rennet
s . R : :
0 cutt1ng w1th a wire kriife ; _ oo s ;
tzrrxhg |

St .

° 1ncrease of temperature by 1 C° every 2 min, until
' 45° PR T



C
1 b
i

11

pore mature andksharper flavour. It has a waxy body and only

method
3.4.14.

A

Compared to. Emhental Gruyere is a dr1er cheese, w1th a
|

s &

Ay

19

e of t@mpereture by 1’ C°._per/:min,>WQQtii -

AMrring terminated 45 min after start ‘of cookin
add&tion of a few 13tres of cold wa;er '/”—"//95
collection of curd in cloth

mould;ng of clothed cheese and pressure applied (up
to 18 kg/1 kg of cheese)

turning of cheese regularly for 2 days A
removal of cloth ' o

dry saltlng-xn the mould for a day or two (10 C)
immersion in br1ne (salt concentration hxgh enough
tha?cheese floats) ‘\ . | - -

turnzng once per day and spr1nk11ng salt over the

exposed surface L .

after 1- 2 days, removal fromwbr1ne and transfer to a
“chilled oom (10-12°c and 80-85% RH) for- aﬂe days.,. |
where Cheese 1s brushed -dryrsalted and turned da1ly
transfer to warm room 218-20 °C. and 80 85% RH) for
4 8 weeks{ where cheese is regularly washedv withr

‘fe ) Y
b 1ne and turned S _ T
Q) o w o o oo -l".’ Ao Ty % S | LA : v »l e
S P . ) ST R A
3 Gruyere ‘ o ’ \'

,v'”
by .

- ¥t

- a: few small eyes, and contains 47-49% BF in dry matter. The

of ‘production is the same as 'that of Emmentql (see
2), with the follou;ng except1ons.

nilkszs not standardzzed

Ofwnqﬁy . stafter edded Y9.§r957x. _StnébtocccCUS ‘

= Dy

- .,' . '{
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ther'mmi Ius md Lactoaacn lus helvetdcus) R T
o curd cut in. bigqer pieces ' | S S o

T e maximum scald temperature 2 C°. highgf (up .to
55-57°C) . |

highéf'degree of pre§%ing‘ ' ‘

® more salt worked 1néo the che;se ‘ ! R

* ripening temperature 1ower (12- 18°C) and rélhtfﬁe | ‘”'f
hum:dzty higher (85- 90%) . lv!" "o - '*f?

¢ during ~r1Pf?1“9q” flnd‘ virubbedf-wﬁtﬁ- brine agd"v E
Bacillus linens culturg‘; , j ( {,:' | g “-.‘6 .
total manufacturing time: B-12 mont}s o J oo e e
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4. RESULTS ANBJDISCUSSION

~J

‘4.1 Assessment of the;AppliedeC Method

A

-

Organic acids vere separated by liquid :‘chromatography

(LC) by the mechanlsm of 1oﬁ exclu51on chromatography, hence

the ‘acids. emerged from the analytlcal column in an order.

closely following their pK values (Table 4.1) with 0.009\N
sulfuric ac1d used as the ‘mobile phase. In this case.ghe
\e}utlon sequence was as follows: orot;c shouldered and often
coeluted with.citric'acid' pyruvic; suocinic, lactic; uric
and forhic ‘acids as a 51ngle peak followea“ by acetic,
proplonﬁc and butyrlc ac1d peaks. The last ac1d eluted was
hlppurlc ac1d Even though its pKk is 3.80, it -was eluted
last probably because of steric hlhdrance w1th1n the ¢ross-
llnked resin( Table 4. 2) .

B . .
In 'order to 1mprove the separation of orotic from

citric ac1d, the mobile phase normality was 1ncreased to-

0.02 N (pH 1,97). This normality prov1ded satisfaetory

resolution of citric and orotic acids without altering the

sequence of elution of other acids nor their retention

times, gxcept for hippuric acid for which the retention time-/

increased from 31 to 33 min, -

A further increase 1n normallty of the mob11e phas@.

~from 0.02 to. 0 05 N sulfur1c acid resulted in add1t1ohal
1mprovement in resolution of c1tr1c and orotic ac1ds/ but

caused lactlc ac1d to coelute w1th uric and formic ac1ds.

There was a‘sllght decrease in retent1on times of\acet1c and -

#

hippuric ‘acids, ‘while the retention times of propionic ‘and

- “,‘ .' ’ ll

; A
/



‘Table 4.7 Disséciigibn constants of some ’orgahic'ﬂds

found in dairy products. N
‘ o  . ' © Aqueous solution'
R Temperature , ‘
Acid : - (°C)h ‘Step > K PK
Citric 20 L Y 7,10 x 10-¢ . 3.14
. 20 - 2 1.68 x 10°* o 4.77
20 3 6.40 X 10.-‘ ‘6.39
, - . . ’ .
Orotic 20 1. 3.98 x 10-7 2.4
| 20 2 3.16 x 10" 9.5
T 20 3 -t - B >1;
% Pyruvic - - 25 s 32 %102 2.49
" Succinic 25 1\ 6.89 x 10-*  4.16
‘ 25 o2 2.47 x 10°¢  5.61
“Lactic 25 . 1.38 x 1&-°_ 3.86
Uric 12 Lo 1.3 x 10-¢ . 3.89"
Formic ™ 20 4,77 x 10-¢  3.75
‘Acetic 25 e 1,76 x 107 4.75
3 . ¢ - N - oy
" Propionic 25 | 1.34 x 10-%  4.87
Butyric . 20 | 1.54 x 10°* 4.81
Hippuric 25 K . *1.57 x 10-* 3.80 -

Sources: Weast, R.C. (ed.). 1983. Handbook of Chemistry and-
' Physics, CRC Press: Inc., Boca Raton, FL; and
~ .Sober, H.A, (ed.). 1970. Handbook of Biochemistry,
- The Chemical: Rubber Co:--€leveland, OH.

VK = [H*)(A-1/[HA] HA===[H*)A"] PK = -log K

&
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-Table a. 2..The effect of eluent normalxty on retentxon

‘ _ times (Rt, min) of organic acids separated by
= liquid chromatography as applxed in this study.

Eluent (H,S0.)’

0.05-N

Organic, acid ' 0.009 N 0.02 N
citric . 6.80" 7.00 7.11
orotic . ~ 6.80 7.62 8.85
Pyrugic = 7.92 8.78 * 9.53
chcinig ' f \\\Aé.éz- 10. 16 5.91
Lactic f 11.33 133 .61
‘Uric, . ‘/ . 12,01 12.00 11.61
Formic ' 12,01 12‘.00_ 11.61
Acetic - 13,18 13,16 12,77
Pfopionic ‘ | '15.78 15.68 15.43 .
.”Butyrlc 7 19.79 19,53 19.52
H{ppurlc '( 3131 33.46 31.38
s The values for time in seconds are élven by 1ntegrath
in decade system i.e. 100 equals 60 seconds
‘ ] “_)b
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butyr1c acids were not affected (Tablq,4 2). ﬁ;‘ .

_Other normalxties of the mob1le phase prov1ded the
follow;ng results- N < 0. 02 caused separatxon of lactic ac1d
from ur1c and formzc acxds, but c1tr1c and orotic acids.
"coeluted, N >aD 02 prOV1ded improved resolut1on of c1tr1c
and orotic acids, but caused coelut1on of lactlc, uric and

form1c acids. Therefore, in some dalry sahples,‘ such as

(al-.

cheeses and curds the organ1c acid separat1on was conducted '

at two normalxtzes of the mob}le ‘phase, 0. 02 N and 0 0045 N,
1p order to assess, accurately lact1c acid in the _presence of
uric and formic acids and to separate citric from,orot1c

vaghd

Organic acids were 1dent1f1ed by their retention times

L
1n comparlson with the retentlon t1mes of standards gnd by

the sp1k1ng method; Quant1f1cat10n was done by peakrarea
integration rather than peak helght measurement s1nce the
former was more reliable: w1th assymetric peaks of succinic,
-prop1on1c, butyr}c and hlppurxc ac1ds, and avoided errors

"due to a slight change in pump pressure after extended

. *
4

operat1on of the 1nstrument. . ‘ y

Uric and  formic acids COeluted'_regardless of the
normality of the. mobile phase.,ﬁeﬁcé, their quantification

at 220, nm provided only theirAsum. Therefore, they were

Y

J

rechromatographed at 275 nm, a'anelength at which only'theu

purine -ring of ur1c acid absorbed Follow1ng the recommenda-

B t1on of Marsili et al (1981) the concentrat1ons of both

acxds were calculated as follows from the peak areas:

84

°
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‘Area of uric acid

Sy : . Area of uric acid std at 220 nm -
n unknown.at 220nm Area of uric acid std at 275 nm

x Area of uric unknown at 275 nm

»

Area ofAformic acid
in unknown at 2%0nm = Total area of unknown at 220 nm S

- - Area of uric unknown at 220 nm

LB

where: std = aqueous’ standarB mlxture&of uric

ﬁnd formlc acids

Detection 1limits (in ug/nl_ aqueous solutions) fof
orgonic aéidé analyzed are given in Table 4.3. The highest
’detection limit .of .0;1‘.ug/ml was found for uric acid,
followed by orofic and then hippuric acid. Itkis obvioué
that.\heterocyclic rings of purine and ‘pykimédine‘ and the

gv‘ben;ene‘ringv respectively,\in these acids aré responsible
for the high detection \senoiéivity; PyruviC} citric and
lactic .acids had medium sensitivity #limits, while the
didarboxylic acid fsuccinic) and “the monocarboxylic acid
nomologues C,-Cy had low ?etection limits ranging frlom 15—2b
'gg/ml.‘ | | ,
There ° ?qé ~‘a' linear correlation‘ betwoén ” acid
concentraolon and the correspondlng peak area. Slooes and
Lntercepts are given in. Table 4.4 for the equation of the

stralght line: _
Peak area = y-intercept + slope p 3 ac1d cbncentratxon

Correlat1on coeff1c1ents for peak area vs concentration were

&

4
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Table 4.3. Detection limits (220nm) for agueous solutions
of organic acid standards by the liquid »
chromatographic assay as applied in this study.

Sensitiviti
Aqid . : " (ug/ml)
' Fiffic I 4.6
,orotic‘ ' N ‘0.2
Pyruvic .~ = 2.3
Succinic . f 14.1
Lactic 3 . 5.8
—— Uric _ | ! 0.1 | '
Formic ’ - . 15,5
. Acetic '~ | h o 16.4
. _Propionic ‘ | 18.5
f | Butyric L : 20.87
. / }Hippuric R 0.2 v




. . - Ps : A
Table'4;4; Calibration curve data.for'standard | | ,ﬁééf
‘ organic acid aqueous dilutions. K
| ~ Slope y-intercept Correlation
. Acid “X_, (ug/ml/pa) (sg/ml)”  coetficient
Citric : 27.93 -50.25 0.9987 -
orotic' 982.11 — -43.36 0.9999
Pyruvic? 104.46 P -15.00 0.9999
Succinic 10.78 -5.36 0.9997
Lactic S\ 29.70 -278. 11 0.9998
Uric \i> 2854.48 -41.43 0.9999
Formic 21.11 39.89 0.9999
Acetic 1.17 / -25.37 0.9999
Propionic 1,19 7.09 0.9999
Butyric 13.17 ~ 156.16 0.9997
Hippuric?® 2384.74 -215.44 0.9998 =
“Uric (275 nm) 2094.05 -61.42 0.9999
Lactic (0.0045 N H,SO.) 7.43 -327.72 0.9994

1

2
3

‘Sodium pyruvate; multiplication factor 0.8803.

Orotic monohydrate was hsed for the standard curve;
results must be multiplied by the factor 0.8966. (~7¥

ﬁ;ppurxc sodium salt hydrate; : _
multiplication factor 0.8566..

Data apply for the following chromatographxc conditions:

20 xl injections; 0.02 N H,SO, as mobile phase;
UV detector at 220 nm, sensitivity of Bio-Rad
detection system was 0.04; column\ temperature 65°C;

~and flow rate 0.7 ml/min’ [the resplts for uric (275 nm)

and lactic (0.0045 N H;S0,) acids] have one of the
chromato raph1c cond1txons dxffet nt, as shown in
brackets
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close to 1, being 0.9999 for most acids, but 0.9998 for
lactic and hippuric acids, 0.9997 for succinic and butyric
acids, and 0.9987 for citric acid. | ‘ )

: o "\ r :
Recovery studies vete performed with 0.009 N sulfuric

ac;d as mobile phase. All brganic acids added to whole mxlk

se recov-,}ﬁﬂ“ﬁf "f ded Hlth‘ those of Marsili et al.
(1981) for th; sath c-2ystén and whole milk samples.

The effect of temperature on sepération ;f organic
acids was reflected only by the separation extent of citric'
and o;otic acids. At temperatures of 35°C or below, citric
and o;otic acids coeluted. They began to resolve at 45°C and
higher temperatuies, with optimum resolution at 60-65°C;
hence 65°C was used in this étudy. At this temperature an
improved retention time for hippuric acid was also obtained,
and pyruvi; acid, which had closely shouldered the Qrotic“'
acid peak, was clearly separatedi

LC-separation of a mixture of organic acids used as
standards is presented in Elgute 7. (see Appendlx) Th1s
separation profile was essentially retdined with the dairy
products analysed (see Appendix, Figures 7.2-7.35,'f6r their
chromatograms). All the chromatograms showed a peak with an-
Rt of 5-6 min due to the sglvent acetonitrile, phosphates
preéent in dairy formulations and some unknowns eluting with
‘the void‘vglume. The neg;tive peak recorded at Rt 16-18 min
also appear;a to be due to acetonitrile since the peak was

observed in runs with just acetonitrile and water (Figures

7.2-7.35)<S Butyric and hippuric .acids were eluted - as



N

assymetrical or flattened pé;ks vhich oft@n appéared,similar
to an unstable, nbisyk;base line, as illustrated by the.
‘butyric acid peaks in Figures 7.5-7.1;.

Moisture contents of dairy products analyzedvare given
in Table 4.5. The highest moisture contgnt vas fbuné in all
fluid and cultured products, such as ‘buttermilk or Qlain
~ yogurt. This was followed by uﬁripgﬁgé\\cyeéses such as
cottage cheese, Quark and Ricotta. ‘The lowest ;moisture
contents were found in r{pened cheeses with eyeholes ;nd
semi~hard and soft cheeses such as Mozzarella (range
39-52%), mould cheeses (41.5-56%), and textured éheddaf
chéese (36;5%). Powdered® milk (skim milk and buttermilk) had

only 4% moistu;e. As will be described later, thé moisture'
content of the dairy product had.é profound influence on thé
'organic acid profile of the product. Moreovér, in some dairyf
‘products the moisture content correlated at 5% and even at
the 1% level with the organic acids present.

' The lactose and amino acids in dairy products did not .
interfere in- organic acid detection and quantification,
Interferenge of proteins and most of the polypeptides was
avoided bx the extraction step, in which acetonitrile
ptécipitated these constituents. Nevertheless, some
pélypegtides wereqpresent in the organic acid extract, as in
the casé of curd and cheese analysis.

Somé polypeptides were found-to‘coelute with succinic
acid. Thié was especially the case with cheeses such as

‘Brie, Camembert, cottage cheese, Edam, Gouda, Mozzarella and

Ricotta and with buttermilk and buttermilk powder.
< ‘ ’
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Table 4.5. Moisture contents of some dﬁity products.

' Moisture
Product ‘ : content (%)
Fluld products rav milk : L. 87.4
: skim milk S 90.5 ,
. 2% milk , ‘ - 89.2 .
v homo milk _ 88.0 '
\ . ‘ : . 4 \
Cream . - whipping : 56 .8 ~
. 1 cerea . 81.4 - :
Cultured products . buttermilk 88.0
. . natural yogurt . 86.3
. . sour cream T — 86.3
Powdered products  skim milk i _ 4.0 N\
. buttermilk 4.0
Lact Ic curd cheeses cottage (Canadian) 12.6
| o Quark (Canadian) _ 72.5
Whey cheese Ricotta (Canadian) 75.0
White brined cheese Feta (Danish)  52.0
Soft cheeses * Pressed Mozarrella (Capadian) 45.0
Stretched Mozarrella (' " ) 52.0
Soft surface . Brie (French) R 56.0
mould cheeses Camembert (French) ' 48.0
B Camembert (Danish) ‘ - 48.0
Camembert (Canadian) - 55,2 ‘
Marcillat (French) 50.0 ‘
Blue veined - Danablue (Danish) 47.0
cheeses "Roquefort (French). 41.5
: = = .
Textured cheese ~ Cheddar (Canadian) 36.5
Cheeses with ' ‘Appenzell (Swiss) _ 40.0
eyeholes Emmental (Swiss) 39.0
= - ) . Gruyére (Swiss) : 40.0
Havarti (Danish) 50.0
_ , . Samsoe (Danish) , 48.0
Semi-hard . Edam (Dutch) . 41.0
cheeses R . Gouda (Dutch) ~ : 44.0

Port Salut (French) ' 42.0

-

&
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A polypeptide was also found to coelute with pfop!dnic
acid, as was the case vith most of the iﬁpbrtpd cheeses and
some . Canadian-made cheeses, such as Camcmbo:t,Vthoddar.
Mozzarglla, Quark and Ricotta. In addition this polypeptide
was found in cultured buttermilk, yogurt and sour cream. The
descend{ng portion of the pyruvic acid peak was shbuldergd
by a polypeptide often encountered in yogurt and some
cheesés,such as Quark, Ricotta and Caﬁ;mbert.“

The joihf uric and formic acid peak was also shouldered
on“its>descending portion with a pqupeptfde in fluid milk

products, powders and cfeams, and cheeses such as Ricotta,

. Camembert, Brie and cottage cheese.

Lastly, sbme of the'dairy products had two polypeptides

preceding thé hippuric acid peak with retention times of

26.2 and 30.4 min., These peaks did not interfere in organic

~acid quantification.

Polyﬁgptide impurities were readily detected by their

absorbance at 275 nm, which exceeded that at 220 nm. Their

“275/226 nm absorbance ratios were 1.22, 1.43 and 1.56-1.53.,

Acid hydrolysis of these peaks yielded amino acids, as

revealed by thin4layer“chromatographic separation followed
by detection with ninhydrin reagent. '
The precolumn in the LC-system was used to eliminate

positively charged. molecules such ag basic amino acids and

other cations present in traces. Dairy lipids (triglycer-v‘

ides, pﬂéspholipids and unsaponifiables) did not interfere
since they were insoluble in the water-acetonitrile phase of

the acid extraction:step.
: ) )

M .
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4.2 Fluid and Dohydratod Nonfermented P cts and Creams
~ Results of the analysis of fluid milk and cream are

prbuntcd in Table 4.6. Fluid milk contained 71.3 gpm orotic
acid in homo, 72;1 in raw, and 73'5 ;n,zx BF milk. The
orotic acid content in skrm milk was 72 6 ppm. The levels
were much lower in creams' 58.7 ppm 1n 10% BF cereal cream;
and 45.4 ppm in 32, 5% BF whipping-cream. i

The orotic acid content of rav Wmilk was close to the '
73.3 ppm reported bxwLavanty and Steiger (1983), but lower
than that found by‘ﬁarsili et al. (1981) and Larson and
Hegarty (71979), i.e. 83.6 and 85.3 ppm, respectively, EB;
whole or -homo. milk, Chen._and' Larsoﬁ {1971) reported
67.6-71.4 ug/ml for martet miik, which would corrésbond to
65.7-6§.2'ppm by assuming that the specific gravity of their
whole milk was 1.032 and of their partly skimmed’milkvwas
1.037. ‘ B | |

In the same fluid milk sample the citric acid content
ranged from 931.9-960.4 ppm. The highest level, 976.3 ppm,
was found in skim milk. The maximal deviation from*tﬁé.mean
was +17 ppm for raw milk but only 6 ppm for homo or skim
milk, 15 cream the citric ‘acid content was decreased to
782.6 ppm (cereal cream) and to 583.5 ppm (whipping cream).
These results agree with literature daﬁa‘bf the previousiy
cited authors. - “
| The content of pyruvxc acid in fluid milk and cream was
fgenerally low. In homo, partially skimmed and skim milk the
avgrage'vas521.7 ppm, while taw milk had onty 12.9 ppm. The

content in creads was also lovered to 17.2 ppm in cereal

-
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P,cream and 14.7 ppm in wh1pp1ng cream. ; v g

The present results also revealed the presence of

- pyruvic acid in a}l"ﬁluid milks and creams. The _ayerage
A;content‘.was, 22.8 ppm for milk and 14.7-17.2 for creams.
- e L , - . | ;

- Pyruvic . acid in raw milk was 1.5¢1.0 ppm, hodever after

€

pasteurlzatlon the peak correspondlng to thls acid prov1ded
,a result of 70 ppm. Analy51s at 275 nm showed abs%rbance due
to. a polypeptlde, hence pyruv1c acid: results 1n 'all heat-
treated m1lk samples should be cons1dered as rnflated

Lact1c acid was detected in all mllk samples, but not

in creams. Its content was less than 60 ‘ppm.‘ This

‘COrroborates the f1nd1ng of Marsili ‘et al. (1981) that

flactlc acid is present even in fresh milk.

~ Uric ac1d content was 12 6- 14 2 ppm in flu1d mllk and
8.4-10. 1 ppm in creams.‘These results are lower than the
21.8, ppm reported by Mar5111 eT al. (1981) for commerc1a1
‘:mxlk samplesj:nd were/closer to 16. 5 ppm for raw mlLk glgen
by Lavanty a Stelger (1984) E | |
k Hippuric ' acld.dontent_ln fiu?d milk was 18t2~23.§ ppmA
‘ and 10;9-14.0.ppm in creams. fhese results differed (eitheﬁ
p‘higherLOr lower) from those-of.Marsili'et al. (1981) and

were lower ‘than those g1ven by-- Lavanty and Stelger (1984) .

¥,
!

and Patton (1953). = - . ' tn
Formlc,'acetlc, prop1on1c and butyrlc ac1ds vere not
| detected in fluid’ milk: or cream samples. Thls agreed w1th

the flndxngs‘of the authors c1ted above;
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4 3 Organxc Acxd Contents of y{uxd and Dehydrated Nllk

Products ‘ 7 //

‘The organic acid prof1les/of buttermilk powder and skim

L

milk powder, as well as tho;e of their fluid precursors, are g

shown 1n.Table‘4.7. In phese products, the ma]or ‘organic

acid present was citr1cfac1d, ranging from 519.5-1,027.6 ppm
in fluid raw milk and/éﬁimnmilk, and from 514,3-534.0 ppm in

. / - . .
the buttermilk and skim milk powders. The next most abundant.

acid was orotlc, whlch ranged from 65.0 ppm in raw milk to

1027.6 ppm in sk1m milk, while the powders contained 107.9

.ppm (buttermllk) ~and 108.1 ppm (skim milk)r Concentrations

of both or?t1c and uric acids were' higher in. fluid

sbutterm1lk/and skim milk, compared to whole raw mllk C1tr1c

acid content was hlgher in liquid buttermilk and skim-milk

than 1n/the1r respective. powders It is probable that in

sspray drying (215°C) a portion of"the citric  acid was
L thenmally degraded. At temperatures above 175° C, c1tr1c acid
.is/ partially converted (by dehydratlon) to aconitic acid,
, and. partially to itaconic acid (by decarboxylation ‘'and

fdehydration),

Pyruvic acid content .was, as ekpected lowest in liquid

buttermllk (19.2 ppm) and highest in buttermilk powder (80.5

V ppm) while this trend was reversed in the case of - skim

milk: in fluid skim milk it was 78.2 ppm and in powder 63.2

ppm. However,zthe content in powder 'was still much ‘lower

than that. requ1red sole%y by the_concentratlon effect, which

_ strongly suggested; its _thermal decomp051t1on. AS - known,

:pyruvic. acid decomposes at its boiling poxnt:}(165°c).

!
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Relatively 1arge amounts of acetlc and propionic ac1ds'in
butterm1lk powder‘ cannot be explainéd unless microbial
vcontamination occurred¢ in the procees" pridr to the
spray- dry1ng step. | |
| The uric acid content d1d not change significantly 1n
skiﬁ milk spray- dryxng. H1ppur1c;ac1d was present in"all of
‘these products af a level of 20.%f85;2 ppm. In buttermilk it
was not detectable, while in bugtermiik powder it was dnly
5.5 ppm.” '°d |

Compafed to Ihe results for skim milk powder reported.
by ‘Marsili et él. (1981), our results showed ioger amoynts
“of citric, orotic, wuric and hippurié' acids, bpt higher
amounts of pyruvie‘acid. Davidson (1984’ reported 200-210
ppm’ of lactic acid in fresh mi 1k powder; while Marsili
et al. (1981) found values lower than 150 ppm, much clpser
to the results of this Study (<60 ppm). Larsen andeegafty
‘(1929) reported high dconEentrationS- of orotic acid in
evaporated milk (165 ppm) or dried skim milk (802 ppm). The :
latter result is still less than half of the theoret1ce{/
value expected by solely concentrating the f1u1d skim yqlk
(m01sture content - 90 5%) to powder (moisture content 4%?
4.4 Organlc Acid Contents of Fermented Da1ry Products

The  organic acids in cultured dairy  products were
followed by ;mocessing steps 1n cultured buttermilk, sour

_cream and yogurt production. | , ‘



4yt

cremor{s and/or" l'actls_. T

e B o
. | .

4.4.1 Cultured buttermzlk ' - S
|
Table 4 8 presents data for organic acids in cultured
buttermilk, which was 'prepared using a starter .culture '
consisting of Lactobaclllus cremoris and Streptococcus
dom1nant acid generated during lncupaticn was
lact1c ac1d Immediately after inoculation its level was

190.6 ppm; it Vthen"Started to rise;f and after 17.5 hr

;freached,1ts hidhestfleveIV 4,252.5 ppm (see Figure 4.1).

When the 1ncubat1on (23° C) was 'terminated and theé product

cooledr to 4-5°C, there was\ still a residual m1crob1a1

ac1t1v1ty augmentmg this result\by an 179‘ppm of lactic

acid. Next in abundance was acetlc\acad While it was not

SN

present in milk before 1noculatlon, it was® ﬁound after 2 hr

\
‘of~1ncubatlon (40.3 ppm). This amount: increased-.until the
: : c . .
end of .incubation by 8.6-fold, and reached its maximum in

\

cooled end-product (540.1 ppm). Th1s value is lower than 850"

ppm. reported by Marsili et ‘al - (1981). for the same .

v'-

commercially prepared product.

- KD

Citric¢ acid, the third. major acid of cultured

”bﬁttermzlk, was present at 257.6 ppm. ThlS content is 23% of

the or1glnal content in milk ut1llzed for buttermllk
production; The citric acid decrease ‘was accompan1ed by a
decrease in orotic ac1d\éontent. Both acids are ut1l1zed in
the metabolism of_theystarter culture. The sl1ght increase
in pyruvn:'acid c;ﬁtent appeared to be related to lactic
acid biosynthesis. LaStly, during incubation propionic acid

wasvfdrned,‘reaching its‘ﬁaiimum of 63.8 ppm after the end
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Figure 4.1 Lactic acid formation (ppm) during incubation-of

milk in the production of cultured buttermilk.
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of the incubation period. For a similar prqduéi, the only
data available in the literature was that of Marsili et al.
(1981): less than 60 ppm. | |
b.@.é‘SOﬁr cream < o T ’ X
Sour cream data are provided in Table 4.9. It was
prepared from a blend of skim ‘milk and cream with the
addition of skim milk powder and gelatln as fhlckener. Here,
the fermentation tlme, using the ~same starter culture as

“buttermilk, was 12.5 hr, ‘i.e., 4 hr shorter than with

cultured buttermilk

S Agaln lactic acid was the dom%nant acid. At the end of
incubation it had reached 2, 957 ppmz ;a%qleve} which was
pradtically retained by cooleq end- product. The rise oof
‘lactic acid content dur1ng 'incubation is given in Figure
4.2. Next to lactic ac1d in content was that of c1tr1c acid.
Ae in other cultured dairy products, its level decreased
with incubatioﬁ'tiﬁe from 863.9 before inoculation to 349.8

ppm in the end-product.)This decrease during incubation was
also found w1th orotic ac1d Similar aQain to butterh&lk,
the slight . increase in: pyruv1c ac1d was related to an
enhanced biosynthesis of acetic and prop1onic\agidsn both
reachfng a level less than 70 ppm. | |

therature data for sour cream orot1c acxd content were
48.6 (Marsili et ‘al. 1981) and 45.4 ppm (Lavanty and
Steiger, 1984); while for .acetic and propionic acids the
valees were 900 and- }80 ppm (Marsili et al. '1981) -and 880
and 175 ppn, respect1vely (Lavanty and Steiger, 1984). It
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Figure 4.2 Lactic acid formation (ppm) durfng incubation of

milk in the production of sour cream.
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appears that these authors had, a. sour cream procesq

different frbm the one given in this study, This suggestion‘
is . supported\by their, data for 1act1c acxd content, which

vanged from 8, 410 9,215 ppm.,
‘ o- , |

| \
4.4.3 Yogurt

%hc'ﬁﬁrmatiog of orggnic‘acids in a yogqurt pcocess is
shown in Table 4.{0: In this process, milk was inoculated
with  Lactobacillus  bulgaricus  and  Streptococcus
thermophilus. 1t wa§ inccbateq for 6 hr at 43°C, and then
cooled“tc 4-5°C. Tﬁe yogurt end-product contained 7,955.2”
ppm lactic acid, - the majof organic acid’ in 'the‘ product.
- During yogcft 'prcduction lactic acid increased by 132.6
times the origincllacidVCQntent in fluid milk (see Figure
4.3). Thus, its content is much'higher than that in sour
cream and cultured buttermilk. The rate of bicsynthesis of
most'organic acids.was moré rapid than in other cultured
daify}products, although the'incubation time for yogurt was
shorter. : | |

The sccond mcgt abundant acid was citric acid. Its
content - decreased -during incubation from 990.8 to 693.0 ppﬁ
(the level found in the end-pnodupgy. Simultaneously, orotic
ac%d decreased from 99.3 -to 25.9 pbm. On the other hand,
there was an increase in thé\content,ofcpyruvic acid from
22'9 to 43.2 ppm. Propionic and acetic aCIdS in the
end- product vere 132.7 and 95. 8 ppm, respect1vely. Hippuric

acid content wvas 4.3 ppm, wh1éh\1s much lower than found in

. flu1d milk samples. Lastly, in t%e yogurt process there was. -

\
\
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Figure 4.3 Lactic acid formation (ppm) during incubation of

milk in the production of yoqurt.
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a slighg (1.45%) increase in the content of uric acid.

"Haggerty et al. (1984) reported a 15-53% decrease in
ofdfic acid conten{ after fermentation in the yogurt
procegs, but did not find an increase in uric acid content.
In thg end-product they reported 17.3-32.4 ppm of orotic and
14.2-18.2 ppm of uric acid. Rasic and Kurman (1978) detecteg
in th? yogurt process a relative'decrease in citric acid of
25-30%, though its absolute level remained unchanged. They
also reported a'consiaerable decrease in orotic acid due to
its consumption bf lactic acid bacteria, pafticularly
Lactobaciilus bulgaricus. Lastly, both Marsili et al.
(1981) and Lavanty and Steig;r (1984) found §lightly‘higher
values for citric acid (710-725 ppm) than found in this
study, aGA:;ll as higher contents of oroﬁic acid (72.5-75.5
* ppm). However, ghefr data for lactic acid content in yogurt
(14,550 and 16,280 ppm, respectively) are nearly double that
found jn this“s;udy. The result of Ashoor and Wetty (1984),
12,080 ppm, was closer to the data of this study. The
literature data for acetic acid congent in yogurt are close

to that given in this study.
4.5 Organic Acid Contents of Cheeses

4.5.1 Domestic cheeses .

4.5.1.1 Camembert
Camembert cheese was produced by the add1t1on of both
~1act1c acid bacteria and PenIcIIIILm1 vhite mould to the

milk., Table 4.11 shows that %actxc acid wvas the dominant
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acid and that its content increased from under 60 ppm in the
raw milk to 1,730.3' ppm in .Camembert after 40 days of
ripeniné. Simultaneously, acetic acid increased snarply
after- culture addition, and after a sllght decrease it
,levelled off at\49.6 ppm in the ‘end- product. Prop1on1c ac1d
B 1ncreased steadlly after culture -addition, .and in the
¢‘end-product was 29.3 ppm. Citric{ orotic, pyruvic and_uric
acids weré the minor acids present; deCreasing narkedly
durir *he”process, and for the most part were rehoved into
the wne - ‘fraction. After mOulding, whey drainage still
; occur e and as a result citric acid could not be detected.

Orotic acid concentrat1on was low and was 1.8 ppm in the end
\product,‘ i.e; 97.7% 1less than its concentration in raw
milk. Pyruvic acid decreased by 7&;3% during- the process,
with‘9.8 ppm in the end-product.'Uric acid.decreased to 5.3

ppm‘indcheeea\gfter‘ripening, i.e., a decreaSe of 70%.

| 4.5.1.2 Cottage che
: Organic acid levels in cottage cheese production are
vgiven in "Table -4, 12 ‘
Lactobac:llus cremoris and ‘Streptococcus cremoris and/or
.-lactis caused a profound change in acid levels. ?he ‘major
change was in the content.of lactic acig. As seen in’Figpre
"4.4; after approximately 30 min- of lag phaset(dnring milk
'i;incubation) there is 'an' exponential rise vin"Lactic acid
formation.kWhile‘in the fresh milk the lactic acid content
"!was <60 ppm, in the lag phase it was 500 ppm, and at the end
of  the 1ncnbat1on perlod (5.5 hr) the‘ ac1d format1on

P X

- levelled off at a‘content-OE 3,849.8 ppm.

he addition of starter culture
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Figure 4.4 Lédtic acid formation (ppm) during incubation of

milk in the production of cottage cheese..
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During 1ncubat1on there was only a small drop in the'
level of pxruvzc acid. It is obvious that pyruvic acid dig
not accumulate during lactose fermentat1qn by starter
“cultdres, but rather retained the role of a steady-state
intermediary product -in its reduction to-lactic'acidﬁ The
slight decrease in citric, orotic and uric écids'dur;gél&he
,incubation period ‘might be 'accounted for by their
utilization in the metabolistof the starter-cua:uret
| » Formic, acetic, proplon1c ‘and butyric acids were noti
preeent in any stage of cottage cheese product1onl Since
they might serve as markers for spo1lage organlsms, their™
absénce jn cottage cheese indicates the utilézation of pure}

3

non-contaminated starter cultures.. -
. The dominant aCid ‘in cottage cheese was lactic acid.
Its level was only 671.4 ppm at the curd stage, with the
maJor portion being removed by whey dralnage. After.adding
the cream to curd to a 2% BF content the lactic acid level‘
of the end product was 449 4 ppm. Next in abundance in
cottage cheese end- product was c1tr1c acid. Its level was
279 ppm, lower than levels. reported for" commerC1al cottage
cheese by Marsil} et al. (1981). The same was the case for
orotic acid: its value-in our product was 29.1 ppm, while
the values g1ven by Marsili et al. (1981) and Larson and

Hegarty (1979) were 39. 0 and 39 8, respectlvely

4.5 1. 3 Cheddar cheese ’
The organic ac1d contents of two batches, de51gnated A
and B, of Cheddar cheeses. are shown 1n Tables 4. T3 and 4 14

The batches were made on‘the same day in the same plant and

; .

(
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under the same conditions. Both batches showed the' same
trend in ac1d production; the dxfferences vwere duiﬁlo small
fluctuat1ons in butterfat content in the milk and
fluctuations in temperatures. The results did not reveal)
major differences in the organic acids of the two batches.

The most abundant acid‘in_Cheddtr'cheese was lactic
acid, which increaqgé 'Steadily during the process and
reached ¢, 430 6 ppm (in batch A) after 174 days of ripening.
The increase was most rapid during the 1n1t1a1 process1ng
stages, and slower during the subsequent rlpenzng period,
especially at the whey drainagé step. The amount of lactic
acid in cheddar, batch B, was 4,417.6.ppm, 0.29% lower than
batch A, ' {

The next most abundant organic acid in Cheddar cheese
was citric acid, which decreased from 878.4 ppm in batch A
raw milk to 20.8 ppm in batch A end-product, while batch B
_end product contained 18.4 ppm, 11.5% lower than batch A.
The orot1c ac1d content decreased frOm 72.2 ppm in raw milk .
to 8.8 ppm in the end-product of batch A, while batch B
end- product conta1ned only 7.1 ppm of orot1c acid, 19% lower
thar in batch A. Pyruvic acid content decreased by 59% in
the batch A process and by 57% in the batch B process. Batch
A Cheddar conta1ned 18% more pyruv1c acid than batch B. lee ‘
all other organic ac;ds, uric acid nas retained mostly by
the whey, so its content in the end product was low (0.4 ppm
in batch A and 1.1 ppm in batch B). The concentration of
uric acid in batch B was much higher than in batch A.

Nevertheless, the amounts were so low that the difference
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should be coﬁsidered negligible., Acetic and propionié acids

were not present in the raw milk, but increased gradually

after culture addition.’ Batch A contained 290.4 ppm acetic

acid, 7.5% less than batch B (314.0 ppm),:and 188.2 ppm
:propionic acid, 12% more than batch B (168.0 ppm). »

Marsili et al. (1981) detected in Cheddar similar
amounts of citric (25 ppm) and orotic acid k4.9 ppm) .

However, they found higher levels of all other organic acids

present, and in addition %20 ppm of formic acid, while our

\

results did not confirm its presence. The data are difficult

to compare, because Marsili-- et al. (1981) give no

information on the age or processing procedure of their
N

sharp Cheddar cheese.

4.5.1.4 Mozzarella (pressed and stretched) S

N

Table 4.15 contains results for pressed Mozzarella,

which resembles Cheddar cheese and was made with é-similar\”

bacterial culture (Streptococcus lactis and S. cremoris).
" Sstretched Mozzarella (Table 4,16), on the other hand: was

produced by ‘the addition of Lactobaciilus bulgaricus -and

Streptococcus thermophilus to' the lactic acid-producing
. . \ .

bacteria (S. lactis and S. cremoris). Iq also included ‘a

second cooking stage at 73°C, where the curd was

simultaneously stretched. In.both cheeses, lactic acid was

. |
the most abundant¢ acid present, but the concentration was

much higher in the pressed cheese, which contained 4,165.8
ppm (stretched Mozzarella contained only 2,552.2 ppm). -~

From Table 4.15,‘it can be seen tyat propionic acid.vas
pfesent in'high quaﬁtities (70.0 ppm) in pressed Mozzarella

NERN
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after 30 daYs of"ripening, similar toﬁacetic'acid, which was
61.0 ppm. Both acetic and propionic acids were detected only
after culture addition and “increased during processing
“stages and subsequent r1pen1ng of “the cheese.. Citric acid

decreased s;gnlf1cantly, from 1,000.2 ppm in raw:.milk"to‘

'29.5 ppm . in the. finished cheese. The orotic acid

N

concentratlon also decreased greatly, from 86.6 ppm to 2,2
ppm (a- decrease of 97 5%) % Pyruvic acld content ;Zs reduced
from 21, 9 ppm ‘in. raw m1lk to 15‘9r:ppm in the finished

cheese, i.e., by 27 4%. Urlc acid decreased from 26.8 ppm to‘

5.8 ppm, a decrease of 78.4%. It appears that these acids

ﬁmere utilized by microorganisms in their metabol1c pathways

Table 4 16 shows that the same’ trend of ac1d,product10n‘

>3

and consumption was followed in stretched Mezzarella cheese.

" Pyruvic . acid was an exception: it increased during

’ production.of : tretched Mozzarella, contrary to the decrease

found in pressed Mozzarella productlon The stretched cheese

contained, in ppm, 51.8 citric , 13.7 orotic, 40.0 pyruvic

~and 9.7 uric acids; all these values were much lower in

B

'}pressed-Mozzarella.‘Stretched cheese contained a ‘high amount
of acetic,acidd(105.4 ppm), which was detected first during .

«the stirring stage, i.e., after curd setting. Propionic acid

was also - f1rst detected at the same processing stage,
acqu1r1ng a concentratlon of 8. 3 ppm on the following day.
Durlng cheese r1penﬂng ‘this value increased to 19. 7 ppm in

the- f1n1shed product. In concluS1on, in terms of both

organic ac1d prolees and bacterial culture added these two

Mozzarella cheeses were indeed very different.



125

4.5.1.5 Quark o : ' ' E | . t)f
.Quark is a lactic curd cheese, where the. whgy ,is
sepafated from the chtd1,ét the end d6f a Q—hr incubation
period. Table 4.17 shows that lactic acid is th@é@bmin&nt’_
,acid.‘During processing, lactic acid increased fr¢h under 60
ppm in the : raw milk to 3,349;9 in the eadj“broduct, and
5,836.3 in the whey, This indrea§e was"qapid after the first I

40 min of incubation to about 8 hr, wvhere it started slowing

down (seé.Figure 4.5). Similar to cbttage%;heese,\Quark

e

cheese was unripened, but its lactic acid content was mych
higher. - ¢ B /

' Aéétic’acid was preseﬁt at very;high levels Both in the
‘cheese (443.5 ppm) and whey (623.0 ‘ppm)., It increased .
~'harp]_.y aftér ‘culture addition, and the level was 66.2 ppm
| , f;ér;40 min of inéubation. Citric acid'decreased‘from 943.0

pp@ in the raw miik to’176.2Apgn ingQuark cheese; while
orotic aciqﬂaecreased from 72.6 ppm to 22.7 ppm. Pyruvic
- acid ihﬁre;sedQ during the incubation périod, but .was :
gransferred predpminantly ﬁﬁ the whéy fraction (50.4 ppm)}_'
only 12.7 ppm were found iﬁ the cheese. Uric acid was found
to be 10.6 ppm in Quark and 16.7 ppm in whey; while
‘ propionic acid was 13.6 ppm in cheese ‘and 18. 0 ppm in'whey;v
In “conclusion, it appeared that all acid conténtsv vere
relatively high in~Quérk, due to the high_conéént of whey

retained by this cheese.

| 4.5;1.6,Ricotta' _
"RicottaQCurd was produced by high témperéture‘and acid

prebipitétion of proteiﬁ. In production of this ;heese‘the
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Figure 4.5 Lactic acid formation (ppm) during incubation of
milk in the pr‘oiduct‘ion of Quark.
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source of protein wags the casein from added .milk and whey
proteins from Mozzarelle &nd Ricottevwhey collected from a
previous batch. The acid precipitation‘ was achieved by
lactic acid in Ricotta whey plus added citric ecid, and also
by the citric acid present'inFMozzarella"whey. Table 4.18
shows an organic acid :profile 'vefy different from “other
cheeses. The major source of ‘acids was the citric acid-
enriched Ricotta wney, and less so the other components used
in the process. - ' \
The ~end product contazned 515 8 ppm of lactic ;c1d

whxch 1s close to the value found for cottage cheese. Lactlc

acid content was low as no bacter1al culture was added to

the whey and cream used in the process. C1tr1c acid was the

second most abundant acid at 294.1 ppm, similar again to

cottage cheese. Orotic‘acid content, on the other hand, was

higher:v56,3 ppm. Pyruvic acid concentration was 12.8 ppm
and that of uric acid 17. 0 ppm. A high amount of acetic acid
was present (129.7 ppm), along with low amounts of propionic

and h1ppur1c acids (10 7 ppm and and 8.7 _ppm, respectively).

~ The high level of acetic acid was probably due. to the

presence of spoilage microorganisms or to the added acetic

acid not declared in process formulation..

4.5.2 Imported'cheeses

4.5.2.1 Cheeses from Denmark

Danish Camembert (Table 4.19) showed a .different
®

" organic acid profile ‘from domestic Camembert (Table 4.11).

-Lactic acid was present in a much‘lower_amount (765.4 ppm),
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wvhile a higher amount of formic acid was detected (209,0
ppm). Citric ';nd uriq acids were not ‘detectable,‘ while
orotic and pyruvic ééids vere 3.6 ppm ahd 18.dv pﬁﬁ,
respectively. Acetic acid was 24.0 ppm, which is much lower
than in the Canadian cheese; while propiohic'acid‘was 88.2
ppm, a content much higher than in the'Canadian Camémbert.
Also, the presence of hippuric acid, at -18.4 ppm, was
detected.

Danablue is produced 'by ‘the addition of Penicillium
cand idum and P. roqueforti mould spores to the cheese éurd,
and stabbing the cheese for their growtb in the presence of
oxygen. The éheese (Table 4.19) contained, in order of
concentration, lactic-'(2;406.6 ppm), acetic (657.7 ppﬁi,
prepionic (570.2 ppm), formic (244.8 ppm), pyruvic (32.0
ﬁbm) and uric acids (}6.2 pbm). Citric and hippuric acids
were not detected. ) ‘

Danish Feta cheese (Table 4.19) is a white brined
cheese, . with a short period of ripening. 1Its moisture
content is 52.0%, so the acid content is higher.ihan in
cheeses with a lower moisture content. The most abundant
acid present is again‘léctic acid (3,268.4 ppm), followed by
acetic (168.0 ppm) and fo}mic acids (94.9 ppm). Cifric acid
(46.5 ppm) 1is relatively high 1in comparison to other.
cheeses. Propionic (34.6 ppm) and pyruvic acids (32.5 ppm)
’wéré very close to those of Danablue. Hippuric acid was also
‘present (22.7 ppm); ,

Danish Havarti and Samsoe are cheeses with Holes, which

are the result of addition of propionic acid bacteria in the
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. ‘
cheese process. Their major acid (Table 4.19) was lactic

acid (1,599.2 ppm in Havarti; and 1,368.2 ppm in Samsoe) .,
Other acids of high concent;aéion ihcludgd acetic (1,113.5
ppm and 795.1 ppm) and“propionic acids (160.0 épm and 298.5
ppm). Formic acid was not present in Samsoe, but was very
high (560.3 ppm) in Havatt}.“?yrdvic acid was also much
higher in~ Havarti (72.8 ppm) than” in Samsoe (16.6 ppm).
Orotic acid was low in both Hévarti'(1.3 ppm) and Samsoe
(2.4 ppm); and citric and uric .acids could not be detected
in either product. Hippuric acid was present only in Samsoe

o

(14.7 ppm).

4.5.2.2 Cheeses from France .1'

French Brie, Camembert,and'Marcillat are produced with
the.addition of Peniclllium candidum mould, while Roquefort
has Penicillium rogueforti spores added. Marcillat was
produced from goat milk, while Roquefort cheese was made
from non-pasteurized whole ewe's milk. Port Salut, on the
other hand, a semi-hg,d cheese, was made from cow's milk,
withouf4\any mould vaddition. The differences in the
composition of milks fronﬁ&&!ferent animals can be seen in-

( K “ .
Table 4.20a. 2 K -
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Table 4.20a. Composition (%) of Cow, Goat and Sheep Milk
(according to Veisseyre, 1979).

Substance Cow Goat Sheep
Fat . 3.5-4.0 3.5-5.5 5.5-7.0
Lactose 4.7-5.2 4.0-5.0 , 4.3-5.0
Casein 2,7-3.0 3.0-3.2 4.5-5.0
Albumin and 0.4-0.5 0.5-0.7 0.8-1.0
Globulin _

Ash _ -0.9-0.95 0.7-0.9 ~0.9-1.0

For all 'three of the white mould cheeses, the most
iabundant orgapnic acid_wés lactic: 1,535;7 ppm in Camembert;
1204.8 ppm in Marcillat; and 1107.2~ ppm in Brie (Table
4.20). The second most abundant acid in Brie was formic
(520.4 ppm), followed by acetic Acid (341.8 ppm)..Camembert‘
contained less formic acid (427.0 ppm), énd 116.6 ppm acetic
acid. Maréillat contained 146.0'ppm formic acid, and did not
contain acetic orAhippuric acids, Propionic acid ranged from
68.3 ppm in Camembert to 32.2 ppm in Marcillat. Uric acid
was detected only in Brie (4.4 ppm), and ofétic acid ranged
from 1.7 ppm in Camembert‘tp 20.4- ppm_in Marcillat. Citric
acid was not detected in any of thetFrench,cheeseé analyzed.
Port Salut acid composition, also shown in- Table 4.20,'
showed high amounts of lactic (2,828.3 ppm), formic (1,651.9.
ppm), acetic (751.7 ppm) and propipnic acids (528.4 ppm).
~ Citric and uric acids could,nqt be aetecteq, and the amounts
of orotic and hippuric acids were low (1.5 and 3.9 ppm,
~respectively).
Lastly, Roquefort conta}ned\mdch lover lactic acid than

the other French cheeses (497.7'ppm), but had high content
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of propionic acid (528 ¢ ppm) Formic and acetic aciqa roto.,

66.5 ppm and 71 3 ppm, reapectively; vhile pyruvic uﬂd vag' *

W

41.3 ppm. Orotic acid was 1.6 ppm, while citrxc.,. Ackgﬂd o

l"u( . L.‘ B
hippuric ac1d contents were not detectable, ,‘“A‘ e

e

Larson and Hegarty (1979) reported. 15 qp::oét orotic
acid ip ,Roquefo;t b;eese, while for blue ché?se, Marsili
et al.: (1981) found 7.3 ppm of orotic. Ashqor and Wetty
(1984) faund 12,750 ppm of lactic acid in blue ;heese,;but
Matsili et al. (1981) reported only 3,080 ppm.‘The la;ter
authors also found the follow1ng concentratxons of acﬁds tn
blue cheese: 40 ppm citric, 27,ppm pyruvic, 20.8 ppm uric,
420 ppm formic and 250 ppm of acetic acid. H1ppurxé acid

content was under 2 ppm. . “ _ ~ o i

4.5.2.3 Cheeses from the‘Netherlandqu

Edam and Gouda dlffer in thexr texture Edaﬁ éheese has-
a close texture, while Gouda contalns a. few eye holes. As
seen in Table 4l21, both cheeses contained a high content of

lacéic acid: 2,032.4‘ppm'in Edam and 1,894.2 ppm in Gouda.

Acetic acid was also- in high concentration, .1,294.3 and

*

1,046.1 ppm, respectively. In addition, Edam contained 663.6

A

ppm formic acid, yhile Gouda contained 231.0-ppmkpropionic

acid.

4£.5.2.4 Cheeses fromvSwitzetlana

All three cheeses listed in Table 4.21 had propionic
. . )

acid bacteria added to the lactic acid culture. This

accounts from the high "propionic acid content found in

-

R
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‘a

'Emmentalj cheese, ‘87%/6 .ppn. “The . amount of this ac1d in
| Gruyere ¢heese was 298.3 ppm and in Appenzell 220, 8 ppm. The
major'-organlc acid in Emmental and Appenzell was acetic
acid, 2;142.7 and 1,255.9 ppm,( respectively. In Gruyére
cheese this amount was only 536;8,ppm. The latter cheese
Tcontained 1,070.1 ppm lactic acid. This acid content'wa¥
~lower in Appenzell (833.4 ppm) énd even lower in Emmental
vcheese (150 4 ppm) The lactic acid precursor, pyruv1c acid,
was 43. 4 47, 9 p%m in Emmental and Gruyere, and was only 8.1

ppm 1n Appenzell cheese

Jager' and Tschager (1983) reported over 1,244 pﬁ&

vlactic_acid.in quality grade I Emmgntal, a‘propibnic acid
content under 267 ppm, and an ad@fic ecid‘level\of 255 ppm.
‘Mofecﬁer;"they’repcrceddﬁheppresence'of succinic acid (43
ppm) thlS acid was also detected by us but it coeluted with
polypeptldes and hence its - cqntent was not reported. kIn

~addition, they found 59 ppm fdrmic, 12 ppm citric and 2 ppml

pyruvic acid. Also;_the euthors compared these results with

two 6ther‘~chee$es “of lower quality grades, and’ the -

' d1fference in the organlc acid proflle was 51gn1f1cant. The "

major dlfference was the decreased content of lactlc acid, aa,.

G 270 e
o

doubllng in the amount of succinic ac1d and an 1ncrease in
.prop10n1c ac1d content of close to one thnrd in. ;ower gra?e

cheeses.,‘, ﬁﬂ. ‘,?i' o

er

o
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_ jm Table 4.5. Table 4.23 »present:;-'.

‘m11k The low values of standard dev1-

& method used was reproduc1ble.
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4

4.5.3 Statistical_eraluation of the ‘results

Statistical data related to the dependence. of the
organic acid content on the wheyfretained by theAproduct are.
shown in Table 4.22., ?ositivefcorrelatidn‘was'EOUnd to be
the highest in citri¢ acid, i.e. its concentration increased

with increase 'in moisture content in the product. The same

‘can be applied for uric acid, which’ was positively but

weakly correlated to the moisture content. Formic, acetic
and propionic acidsf' on the other hand,' had neéative

correlatlons with’ m01sture content, wh1ch means that their

;1;

concentrations decreased with moisture. The values for-

moisture contents of'the dairy product ed can be seen .
fsn and . standard

dev1at10n for - organ1cf§c1ds 1n 5 of pasteur1zed

ns - show that the LC

e,

el
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‘Table 4.22. Moisture content vs organic acid
~content correlation coefficients
and probability values. :

W

o Correlation . Probability®
Acid - Coefficient (r) : AP)
Citric | 0.5614 . - 0.000
. Orotic ‘ 0.2039 0.128
Pyruvic ‘ ) -0.i871. 0.149
 Su¢cinic R - 0.1840 0.153
Lactic | 0.1763 0.163
« Uric -~ ¥9.2713 0.063
Formic. -0.2963 20,047
Acetic . - " -0.3168 10,036
Propionic . -0.3150 b.Q37.
J Hippuric © 0.1325 0-231,‘
' P<0-05;'r is statisticallyfsignificént. .

N
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Table 4.23. Reproduc1b111ty of the results of the l1qu1d
chromatographic method app11ed for the analys1s
of pasteurized milk. :

Mean (X)' ‘Standard .

Acid . . (ppm) / Deviation (SD)
, 1t 10 |

.',‘ ) : ] ) \ .
Citric ©1,120.94 : 3.50 \

- \
Orotic ©105.90 - 0.16 .
‘Pyruvé@ o 31.99 0.66 o h
Uric 1446 o 0.02

' X, mean of 5 repetitions.



‘ 5. CONCLUSION

Lactic acid vas the most abundant organicacid in dairy
prbducts.‘Though'its contént was.neg1igib1e'in fluid and
dehydrated_ﬁilk and it could not be detected in creams, it
was present in most fermented products. The con;eﬁt vas
highesﬁ in yogurt (7,555 ppm), ” followed byl cultured

bqttermilk. Soft unripened cheeses like cottage and Qua;k

- also had a high content of lactic acid (about 4-6,000 ppm),

foilowed by ripened cheeses-with a ragge of 1;730r4,430 ppm.
Imported cheeses, with the exception of Port‘Salﬁt and Feta,}
the white brined cheese withﬁg ripening period qf less than
one .month, .had a: lactic hacid range of 1;070-2;406 ppm. 
Emmental and Roguefort, the two cheeses charaétéfized by a

high content of propionic écid,.had a lacfic content less

" than 500 ppm. This agreed with.-a biochemical conversion of

lactic into propionic acid known to occur in cheeses
produced with propionic acid bacterial cultures. The lactic

acid rate of formation was 6.4-6.5 ppm/min for cﬁltured

buttermilk, 11.7 and 13.6 ppm/min for Quark and -cottage

cheese, respectively, and was the highest in yogurt (32.2

ppm/minf- All rates were calculated from the exponential

phase of thé incubation step of the process.

dLacti;:.acid L- @ﬁd b-isome:s cduld nof’be separated by
thg LC-method applied. Hehce, for compreheégive lactic acid
determ{nation the -~ enzymatic  method would ‘étill be -

indispensab;e.'

141
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Pyruvic acid, the intermediary product of bacterial

metabolism, was found in all dairy products; For £luid milk,

*

these results supported a possible use of the content of
this acid as an index of bacterial quglity. | |

Butyric acid was generally not detectable in the dairy
products., Its content }n £luid milg was iess than Solppm,
and‘in blue cheeses it was below 450 ppm.

In milk loéocessing ‘most of the organic acids were
retained by whey; the acid content in curd'merely-reflected‘
tq&‘ extent o¥w_nhey' drainage. Moisture contents were
correlated w1th inoividual orgdnic acids analyzed. Highly

szgnlflcant correlation (at the 1% level) was obtained only

" for citric acid. This acid was not found in ripened‘cheeses,

all of low moisture content. Formic, acetic and propionic

acid contents were significantly correlated with the

moisture content of the product. The correlation was found .

to be negative, which means that there was a decrease in
acid concentrat1on associated with increased moisture
content. These ac1ds vere produced by bacterlal culture

added to the milk, and vere found to be higher in da1ry

: prodncts with high butterfat and low moisture content. Ur1c

acid was weakly correlated with moisture‘content'fcorre—
lation coefficient of 0.27). This acid 15 known not to be
synthe51zed by but is utilized by m1croorgan15ms, so 1t was

expected to be present in higher amounts when a h1gher

~ amount of whey was retained by the dairy product. The same

pattern in_correlation should be expected with orotic acid;
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‘however, no cdrfelation was found. On the other hand,
pyruvic acid is an intermediary product in bacterial fermen-
tationg, so a correlation between its level and the amount

of whey retained (moisture) wpuldgnél be eXpecfed,
\

Qa

The standard deviation for 5 repetitions of the
analysis of the organic acids present iﬁipasteurizéd milk
was 3.5 for citric acid, while orotic, »pyruvic and uric
acids had standard deviations below 1. Standard deviations
for formic acid were not qaiculated: it would not reflect
the precisipn of the analytical method since the acid was
quantified by calcqiation. fhe other acids (lactic, acetic,
propiqnics butyric and hippuric) were either 'low in content
or not detected in milk. |

The applied LC-method was faster and simpler than
conventional methods of analysié. Sample prepératipn
involved Addition of aqueous acetonitrile tb‘the sample and
centrifugation to remove the precipitated protein, followed
by injectiop of clarified supernétant into the LC;system.
Sehsitivity of the method ranged from 0.1-20.8 ug acid/pl
;;d linear ‘calibratiqn curves were used over a 'wide
concentration range. ' R

In additign 66.220 nm a wavelength.of 275 nm WAs u%ed

: 4?}0: guantitation of uric acid and ‘for réveélihé&“and‘
'correction for polypeptide interference which tended to

inflate the results of several acids.
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7. APPENDIX!-- LIQUID CHROMATOGRAMS OF ORGANIC ACIDS 7

The lxqu1d chromatogram of the stgndard o&ganxc acids

1s presented 1n Figure 7.1,

followed by the chrom&ﬁograms of

the organlc ac1ds in the various dalry products analyzed.
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Figure 7.1. Liquid chromatogram of standard organic acids.

" Legend: (1) citric, 200 ppm; (2) orotic,- 9, ppm;
(3) pyruvic, 21 ppm; (4) {(succinic, 204 ppm; (5)
lactic, 446.8 ppm; (6)! uric, 6.3 ppm, and

formic, 439 ppm; (7). acetic, .1049.2 ppm; (8)
propionic, 992 ppm; (9) butyric, 750 ppm; (10)
hippuric, 24 ppm. o
The chromatographic conditions were as follows: .

.20 -ul injections; 0.02 N H,S0, as mobile phase;

__ UV detector at 220 nm; column temperature 65°C;
and flow rate 0.7 ml/min. ’
Sensitivity setting of the Bio-Rad detection”
system was 0.01-in Figure 7.1 and '0.02 in the,
following Figures. B s A
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Flgure 7 2. Liguid chromatogram of organxc ac1ds present 1n
raw milk., -
The milk sample was. collected from NADP, ,G?

=

- surrounding dairy farms by a bulk tank truck. BF
content was 3.6%. -
. For peak 1dent;§1es"in this and folld@an
. §1gures, see F;gure T.1. ) _
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Edmonton plant, after milk delivery from - -
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vqmgé&éé%ﬁ’§ffpfganic'acidSﬂpfeSéht in
1k was fﬁfdﬁﬁéédv‘from ‘raw milk by
ion, low pressure homogenization and’:
pasteurizatien in the Edmonton plant of

" content, wag 0.01-0.02%. .
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Figure 7.4.

24 ) s
Time (min)

Liquid chromatogram of organic acids present in
partly skimmed milk (2% BF). . = :

The 2% BF milk was produced in the Edmonton
plant of NADP from raw milk by its centrifugal

Separation into raw milk and cream, followed by

and pasteurization.

*

blending to form 2% BF milk, and homogenization -
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Flgune 7.5. Liquid chromatogram of organic acxds ‘present in
homogenized milk.
The homogenized milk was produced in the
) Edmonton plant of NADP from raw milk by a
: . procesgigimilar to that given in Figure 6.4. BF
*  content of homo milk was 3.25%.
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Figure 7.6. Liquid chromatogram of organic acids present in

' . @ commercial whipping cream. : .
Whipping cream was produced in the Edmonton
Plant of NADP by a process similar to that given
in Figure 6.4. BF content was 32.5%. o
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Figure 7.7. Liquid chromatogram of organic acids present in

cereal cream.,
Cereal cream was produced in thé Edmonton plant

of NADP from raw milk by a process similar to
that iven ;n Figure 6.4, ‘’except the
homogenization 'step was omitted. BF content of
cereal cream wvas 10.0X. . ‘
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Flgure 7.8. quu1d chromatogram of organic acids present in
buttermilk powder.

Buttermilk powder was produced in the Barrhead
plant of NADP from buttermilk, the liquid
by-product of churning of cream to butter. The
buttermilk was concentrated in a two-sta e
column vacuum evaporator and thgn spray dried
air at. 95°C. The fat and moisture contents ot
the powder were 5.5 and 4.0%, respectively.
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Figune 7.9. Liquid chtomatogram of organ1c ac1ds present in

skim milk powder.:

Skim milk powder was produced in the Barrhead
plant of NADP from fluid.skim milk (0.04% BF)
by a prelxminaty vacuum evaporat1on followed by
spray drying in air ‘at  95°. The fat and

moisture contents of the product were 0.9 and

L 0%. respectively. :
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"Flgure 7. 10 Liquid chromatogg%m-of organic acids present in
cultured buttermilk. -

Cultured buttermilk was prodgped in: the”
Edmonton plant of NADP. For production details
see Experimental. The product contained 1 8% BF
and 88. Ox moisture, .
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quuxd chromatogram df orgapxc aclds present im -
,S0Ur cream.’

" of- NADP from a blenB of milk, cream _and skim ed

. cmilk ‘powder and - stabilizers, ~which' was®

moculated w;th ‘a lactic starter culture, For
details  see. Expermental. The fat and moisture
pnterfts of . t'he product were 15 5 and 86 3%,
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Sout ‘cream was pro uced in the Edmonton pl nt .
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Figune 7 1g‘ LIQU}d chromatogram of organ1c acxds present in~

“ ,'x
: ’V& iproduéed ‘in the Bdmon on plant “of

'@- end of whole ang skim'milks and

45k f‘*k?po ler and gelatm as a stabilizer,
"_-"Acx' 1f1bat10n whs achieved with lactic starters
- & buljdardcus and S. thermophilus. The fat and’

mois contents 'of the product were 2.0 and

,85T3$Twrespec%vgly. Peak 9 (butync acxd)_f -

vcéeluted with a po-lypeptlde.
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_ Figure 7.13. L1qu1d hromatogram of organzc ac1ds present in

-4
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. Camembert cheese.

The cheese was 'produced ‘at Neapolis “Dairy
Products. Ltd.,. Dxdsbury, ®Alta, frgm whole
pasteurized, milk by addition of lacti 'starter

‘culture, renpet and the white mold PenchHum

candida. The' growth' of mold was promoted by
turging , the ct eese daxly during the rxpenmg-
pen}ga of 3-5\-weeks, jnitially at 20°C (RH,

then -23°C (RH,» 50-60) and. 2°C (RH, 30).
The ‘cheese was then\wrapped in Al-foil and
#gtored - in the co}d. The fat ‘and  moisture

~contents of -the product were 22 5 ‘and 55 2%,
‘ﬁf% respet:twely.
% Se '

'.J - N
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:-Flgur‘e 7. 14. quuxd chromatogram cﬁ orgamc acxds present in
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commercial _cottage cheese.

ganufactured by addition of

*ure followed by rennet”_
to: which- skim milk

:" + powder nd calcx‘uin«\"chlonde vere added. Then

: - thé cupd-was ‘'salted and creamed to 20% BF. For
R details see Experxmental 'rhe moisture content
- of the. product was 72 6%. :

-
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_Fiaur‘e 7. 15. L1quxdqchro'matogrm of . orgamc 'acxds present in

- cheddar cheese,. .
Cheddar cheese samples were * ccllected at the
" cheese: ﬁlant ‘ip Glenwood,” Alberta and after a-
~*6-month ripenxng “period.  For ‘details see
Experimgq;al The fat and moisture’ contents of

St the product were 33.5 and 36. 5%, réspectxvely- -
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~ "“'Figure 7.76. Liguid chrogatogram. of organic acids‘present in

: .+ pressed Mozzarella cheese. B :
‘ ~The cheese sample was collected at Alberta
e .. " Cheese Co., Calgary, -afGPg a. 4-week. ripening

. period. In the productfws, the floating curd -

: _ and whey were ‘cooked as 38°C, the whey was
drained; and the curd washed and pressed 'in.
rigid = molds overnight. . Por details see -

: - Experimental. The fat and moisture contents «of

. . E‘h‘,_e;.-produi t were 20.0% and 45.0%, respectively.
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Liguid 'c.hroma.toﬁ‘.of organic acids present 1in

stretched Mozzarella cheese. o T
The cheese sample was collected at Alberta

»

- Cfwese Co., Calgary.. The chég&g'was produced
_similarly to Mozzarella pressed t

heese with the
exception of curd cooking at 39°€, slow:
drainage of whey, then presging the curd into
mats, chopping it into . small pieces, .then
stretching ite in hot vater at 73°C. 'The plastic
curd was then shaped in rigid molds, cooled and
salted overnight in 20% brine and ripened for.

 two veeks. The fat and moisture contents of the

preduct were 15,0 and 52.0%, respectively.

.
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"“F igure 7;1$;QLiQuid chromatogram of organic;acids p:ésgnt?in

quark. - . . ;

Quark was produced at Neapolis Dairy Products
Ltd., Didsbury, Alta, from whole pasteurized
milk by addition of lactic starter culture; the

' _curd was separated from whey by pressing with a

perforated screen. The fat and moisture
contents of the product vere 13.5 and 72.5%,
respectively. L ' : .
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Figure 7. 19 Liquxd chromatogram o£ organ1c acxds present in
. . quark whey. ~
The vhey = was collected dur1ng quark_
manufacturxng at Neapolxs Dairy Products Ltd.,
‘Didsbury, ,Alta. See Figure 6:99. The _solids
N . content o{ €he whey was 5.6%. .
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Figure 7. 20 Liquid chrwnatogram of organic ac:ds present in
Ricotta cheese.,.
o The cheese sample ‘was collected at Alberta
4 Cheese Co., Calgary. The cheese wvas produced
from Mozzarella whey to wvhich milk, cream and
sodium chloride were added grior to aciditi-
cation with a blend- of Ricotta whey (from a
previous batch process) and citric acid. The
separated curd vas drained and then packed. The .
faf and moistufe ‘contents of the product vere
0.5 and 75.0%, respecnvely.
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