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) PteGlu was more stable in apple juice (pH 3.4) than in citrate
b Zfer.
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THERMAL DESTRUCTION OF EOLATE COMPOUNDS

Firgt order rate constants (k) and activation energies (Ea) for

the destruction of pteroylglutamic acid (PteGlu) and S-methyltetra-

hydropteroylglutamic acid (S-C'HB-HAPteGlu) were determined between 100
and 140°C in citrate buffer (pH 3-6) and in model food systems. For

both compounds as pH increased from 3.0 to 6.0, the rate constants

:

(3%

decreased. As temperature increased the rate constants also increased.

-

Ea values for PteGlu destruction in the'citrate buffer were 22.6, 19.5,

17.23 and 16.8 kcal/mole at PH 3, 4, 5 and 6 respectively. Ea values

~

for 5~CH,-H,PteClu were 19.0, 17.0, 19.7 and 19.8 keal/mole at pH 3, 5,

5 and 6 respectively. When dissolved oxygen content was reduced to 1.7%

3 74
supstantially. Ea-values ranged from 13.6 kcal/mole at pH 3 to 13.3

A B

of the saturation level, the stability of 5-CH,.-H,PteGlu was. increased

v

kcal/mole at pH 6.0.

AY
“

Ea values in apple juice and tomato juice (pH 4.3) were 20.0
‘ "
and 19.7 kcal/mole respectively. S-CH3-‘-H[‘PteG1u was more stable in
y e . .
the buffer S{stem than in the model food system.
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RESUME - -

A. P. MNKENI

DESTRU TION.THERMIQUE DES COMPOSES DE L'ACIDE FOLIQUE

)

On a déterminé les constantes de vitesse (k) d'ordre 1 de méme
que les énergies d'activation (Ea) pour 1'inactivation des acides
ptéroyl glutamique (PteGlu) et S~méthyltetrahydroptéroylglutamique
(S-CH3—H4PteGiu). Les analyses furent faites entre lOb et 140°C, dans
uﬂ tampon citrate (pH 3-6) ainsi que dans des systZmes ''modéles"
d'aliments. Pour chacun des acides une éugmgntatiéﬁ du pH de 3 3 6
correspond & une diminution des constantes de vitesse. Par contre,
évec une>élévation de température, on note une augmentation des
constantes de vitesse. Les Ea pour la destruction de 5teGlu dans le
tampon citrate furent respectivement de 22.6, 19.5, 17.8et 16.8
kcal/mole 3 pH 3, 4: 5 et 6, Lés Ea pour 5-CHj3-H4PteGlu furent
respectivement de 19.0, 17.0, 19.} et 19.8 kcal/mole & pH 3, 4, S et 6.
Une réduction du contenu d'oxygéne dissous 3 1.77 de son niveau de
saturation augmente congidérablement la stabilité de 5-CH3-H4PteGlu.
LgsaEa'vaéiégent entre 13.6 kcal/mole & pH 3 et.13.3 kcal/mole 3 pH 6.

On a noté une plus grande stabilité de PteGlu dans le jus Ae ’
pomme (pH 3.4) que dans le tampon citrate. Les Ea dans le jus de pomme
gt dans le jus de tomate (pH 4.3) furent respectivement de 20.0 et 19.7
kcal/mole. 5~CH3~H,PteGlu s'est av%ré plus stable dan§ le tampon que
dans le ""gygtéme~type'" A'aliments. .
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CHAPTER I '

" INTRODUCTION [ )

A, N e

The term folic acid iﬁ presently accipted to have two meanings. ...
Generally, it covers the wholerrange of closely related pteroic actd

compounds which ipciude the monoglutamate, the polyglutamate forms and

-

their reduced or substituteé analogués: Specifically, it describes the
non—reducing'monoglqtamic acid, i.e., pteroylglutamic acid.
Pteroylglutamic acid is the basic structural unit in these compounds.
According to the Commission on B}ochemical Nomenclature (IUPAC-TUB
Comm%ssion, 1966), the terms folic acid and folate may be used as
general terms for any member of the family, and througho&t this text

the two terms are used interchangeably,
. 1

,

'1 ) - \,/\
Investigation of the distribution.of folié acﬁd<&erivatives in
/

" £

nature has only recently becomeﬁreasiblg with ready synthesis of

polyglutamate derivatives: and use of chromatographic procedures. Food

materials of plant origin such as cabbage, lettuce, and orange juice

have been shown to con'tain folic acid in the form of polyglutamates

B
~
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ﬁainly as 5-methyl-derivatives (Stokstad et al., 1973; Stokstad et al.,
1977). The main derivétives in the living mammalian cell are the

S-methyl derivatives and 5-formyl derivatives (O'Broin et al., 1977).
r i

Folic acid is an important co—enzyme factor responsible for much

a

single carbon transfer and affects many synthetic biochemical pathways.
It is involved in the formation of haemoglobin, production of purines

and in reactions that synthesize thymine which is an ‘essential component

of DNA. TFolate deficiency in man appears to be relatively common amongst

premature Infants, pregnant women, alcoholics and in tropical spure

patients (Malin, 1975). Although the occurrence of defiéiency is much

‘.

‘higher in the economically poorer peoples of the world, it is also

found in developed western societies. Chanarin (1969), in Britain,

reported megaloblastic haemopoiesis in the marrow of 257 of prégqant

<

women examined. The Nutrition Canada Survey reported folic acid

deficiency in-Canadians of all age groups (Nutrition Canada, 1974).

L3
'

In 1968, the National Research Council set the Recommended

Dietary ‘Allowances (RDA) for different age groups. However,lthe

amount of folic acld in food providing these recommended levels is
variable because of ugcertainty agbut how much is destroyed in cooking,
anﬁ processing. Vandermark and Wright (1972; reported that less than
107 of pregnant teenagers in the,gEA were meeting 1/3 of’thé RDA's
;nd in“ponpregnant teenagers less than 57 were meeting the RDA's. The
data of Hoppner et al. (1977) suggest that it is difficult for

adolescents and normal adults to obtain the recommended amounts of

folic acid from an average composite diet. Consequently, folic acid
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4 - : a . M
enrichmMent has been recommended by the National Research Council

L4

Committee on Food Standards and Fortification Policy in the U.S.A.
Before any enrichment program is.adopted, the nutrient added should be
shown to be stable urder custogaf& conditions of processing, storage

+

and use. oot

Several workers have generated data on folate levels and per

cent deséfuction in foods givip a certain heat ﬁreatmeqt (Hoppner

et al., 1977) but this kind of data does not lend itself to a

quantitative aescription of the iogses likely to occur under a variety

6% conditions, and besides heat, -other factors have been shown to

affect the stability of folates during processing. Among the factors

which have béen reported are sou?ce of heat {(Cooper et alt, 1978),

pH'(Blaney, 1969) and.cﬂemical environment (0'Broin et al., 1975;

Paine4Wil;on and Chen, 1976). The presence of oxygeé has been repo;téd

as’an important factor in degradétion of folates during processing. .
&

Residﬁg} oxygen in'mi%t affected significantly the stability of folacin

. -~ ]

during processing and storage (Rolls and Porter, 1973; Ford et al.,

1969). °

There is a general lack of quantitative data on the thermal
degradation of foiate compounds,(particularly at temperatures‘above
100°C, whiéh are temperatures commonly employed dufing industrial
pasteurization and sterilization processes. Therefore, .it appears
there is need for kinetic data for thermal destruction of folic acid.

The purpose of this study was:

\\ N
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1. To obtain destruction data (i.e., rate of destrucéion k at a
reference temperature and the activation energy) for .
pteroylglutamic acid in buffer systems pH 3~6 at 100, 110, 121,

130 and '140°c.
v - 4 -
2. To obtain destruction data for S—methyl-tetrahydrofolate‘iﬂ'the

™

bresence and absence of air in buffer systems pH 3-6 at 100, 110,

121, 130 and 140°C.

3. To obtain destruction data for pteroylglutamic acid and 5-methyl-

°
® )

tetrahydrofolate in model food systems.

a

s

3

These two forms‘of folate compounds were chosen because
S-meﬁhyl-tetrahydrofolaté appéars to be the major form of folate found
naturally in plant tissues and pterpylg}utamic acid is likely to be
of céﬁsiderable interest as a food»fortifying agent.

‘ > .
-~ By
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- CHAPTER II

-

LITERATURE 'REVIEW

* {

a. Iﬁtroduction o “

Folate is the term applied to a broad speﬁtrum of substances

A

which give rise to folacin in the body. Folacin and folic acid are

respectively the more recent and original terms used to ‘'describe the

¥

various forms of the vitamin. The nutritional significance of folic ‘ :
A

acid as a vitamin was first shown in the early 1930's when W?lls

(1933) reported that autolyzed extracts of yeast or live£ were - .
effective in treating macrocytic anemia. During the same decade an’

unidentifiéd factor in yeast, alfalfaxa;d ;heat bran was shown to ¢
promote growth of chicks maintained on purified diets. Liver and

{
épinagh were also found to contain- egsential nutrilents for lactic acid

[4

> -

bacteria. The isolétion of a relatively pure compound was done by
Hutchings et al.‘(1941) and Stokstad (1943). TIts chemical structure
was determined by the identification of its degradation products and
the final proof of the structure of folic acid was obgained by 1its

chemical.synthesis. .

! “ B
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b. Role of folic acid in metabolism i -,

The role of folates in meéabolism is associated with normal
~ .

~

hematopolesis and with the catalysis of chemical reactions, purine and
pyrimidine metabolism leading to the syntﬁesis of nucleic acids,
paftic&larly DNA (anderson. 1969). As coenzymes, folates are involved
in theitransfer of one-carbon units such as methyl (-CHB), hydroxy-
mechylAS—CHZOH), foryylr(-CHO) and formimino (-CH=NH) éroups from one

compound to an8ther. They also function in the coﬁbersioﬁ of ethano-

o

lamine to cholesterol, in the hydroxylation of phehylalanine to
» .

tyrosine, . in the formation of porphyrin groups, in the serine-glyciq;
{
conversion, in the diffe:entiation.of embryonic nervous system, the

formation of active formate and methionine, choline synthesis and in

b

niacin metabolism (Rutsky, 1973). Folic/acid, together with vitamin

'

312’ plays an important role in nucleoptotein synthesis. Halsted

[}

(1975) suggested that the normal function of the small intestine may
be partially regulated by dietary folates.

“

¢. Folate deficiency ’ ] -

Folate defiéigncy is probably the most prfvalent'vitdmin
deficiency in man. JIn Canada, U.S.A. and U.K., low folate levels have
beeq{répor;e& in association with guch”condicions of nutritional stress
asV6regnancy,.infanEy, alcoholism, and factors contributing to nutri;
tional stress s;ch as low family income and poor dietary habits

(Keagy et al., 1975; Cook, 1977). Coleman et al. (1975) ‘reported folate

" deficiency in the majority of South African rural populétion consuming

[ 4
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B J
%redominately maize diets. Factors other than improper nutrition can

precipitate folate deficiency. .Dfugs such as oral contraceptives and
anticonvulsants exertlinhibico;y(activ;ty on the intestinal conjugases
resultidg in‘%oﬁafzﬁaéfisie?9§ (Atgaway and Hill, 1972). Alcohol .
“éoqsumpcion, aélﬁcinted wl&h folate and other vitamin deficlancy states,
pr&bably causes these problems because of alcoholic dietary deficiencies,

nutrient malabsorptian;bpoor nutrient storage and liver damage, rather

than simple ingestion of alcohol.

Folate deficiency disorders include various types of anemias: ,
\ st

macrocytic, megaloblastic‘and pernicious. Attaway‘and H11l1 (1972) '

. reparted folate deficiency induced anemia tp be second in frequency to

I
iron deficiency anemias. .
. - — ,./ﬁ !
I H
i coe h B,
d. Recommended dietary allowances
‘ The Food and Nutrition Board of ,the National Researth Council

established the Recommended Dietary Allowances (RDA's) for folacin at:

400 mcg for adults, 800 mcg for pregnant women, and 500 meg for -

lactating women. For children, the RDA's are: " 300 meg for ages seven

LI Y

to ten years, 200 mcg for ages four to six, 100 mcg for ages one to
three and 50 mcg for infants. . ! -

In many parts of the world suboptimal nutrition is responsible
for a high incidence of folate deficiency in the community, particularly
during perlods of in@Feased physiological demand §uch as pregnancy and

lactation. Data of Hoppmer et al. (1977) suggest that it is difficult

-

for adolescents and normal adults to obtain these RDA's from an average

D) ,
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composite diet, Consequ;ntly,,folacin enrichment of cereal products -

. . o
v

has been recommended by the National Research Council Committee‘on
Food Standards and Fortification Policy. Folacin enrichment of staple
foods has been suggested inm other countries as well (Barker et al.,
1974). Before any enrichment Hrogram is adopted, the nutrient added
should be shown to be stable under cust;é;;;’;;;ditions of proces;idg,
storage and use.

-

e, Folate nomenclature

«

According to the Commission on Biochemical Nomenclature
(iUPAC—IUB Commission, l966)>\folic §cid and folate are used as
general terms for any member of the family. "Figure 1 shows Ehe

¥
parent compound which 1s pteroic acid. Its salts and radicles are
named pteroates and pteroyl. The numbering of the atoms is.?s sho;n
in Figure 1 (Blakley, 1969) and numbering of the 9th and 10th atoms is

necessary to assist the naming of derivatives of the vitamin.

When pteroic acid is conjugatgd with one molectle of L-glutamic
acid the compound is called pteroylglutamic agid'(Figure 3a) ., 'Tge
compound formed wh;n it 1s linked to two molecules of glutamic acid is
calleh pteroyldiglutamic ac}d, etc. The link between second and
'subsequent glutamic acid molecules ;s through the y-carboxyl grotyp to
the amino group as 5hown in Figure 2. Names of reduced compounds are
\\“PtiF%?Ed by "dihydro" or "tetrahydro" wigh numericals indicating the

* position_ of the hydrogen atoms if these'are known. The common

{ N
substituents and their abbreviated formulae are shown in Table.l.
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Figure 1, Pteroic acid. . ‘
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' Figure 2. Manner of linking glutamic acid residues in
polyglutamyl forms of folate.
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Figure 3a. Pteroylglutamic acid.
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< Figure 3b. Pteroyitriglgtamic acid.
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Figure 3c. 7,B;dihydrbptero;lgluqamic acid.
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) TABLE 1. Abbreviations of some Eglic acid compounds
- . e 4 - ¢
S ' Folate compound . Abbreviation
) Pteroic acid or pteroate or ‘pteroyl Pte
; Pteroylglutamic acid : PteGlu
Pceroyldiglutamic acid N oo A ' PteGluy
- . Dihyd;opteroylglytamic acid o + 7,8-HyPteGlu
| Tetraﬁ??ropteroylglutamic acid 5ﬂ6,7,8QHaPteGlu
. 10-formylpteroylglutamic acid | . o 10-CHO-PteGlu
S5~-formyltetrahydropteroylglutamic aé&d 5-HCO~-H,PteGlu
f S5-methyltetrahydropteroylglutamic acid - v 5-CH3-H,PteGlu
; . ’ S—formiminotetrahydropteroylglutamic acid ° 5-CHNH-H,PteGlu
5,10-methenyltetrahydropteroylglutamic acid ° o 5-10-GH=H,PteGlu:
'(5 10—methylenetetrahfﬁropteroylglutamic acid 3 5,10-CHyH,FYeGlu

13
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The structures of some of these compounds aré shown in Figures 3c-3h.
4 : . :
The abbreviated formulae are the ones recognized by the Commission on

.Biochemical Nomernclature.
, g
d . Al "

i
. E. Properties of folic acid and
its derivatives '

[
il
z

Many of the chemical and phyéical properties of folic acid are

"y

predictable frof the fact that it is a 6~alkylpterin. Like most ’

pterins, folic acid is stable to alkali under anaerobfc conditions, but

_— Al
- .

aikaline‘hydrolysis under aerobic conditions cleaves the sidechain tb

a

yield p—aﬁinobenzoylglutamic acid (p-ABG) and pterin-6~-carboxylic acid

(Stokstad et al., 1948). 1Interactidns of folic'acid with sulgiﬁe and

N -~

niFrite which are chemicals involved in food processing has received-

. 'so?e attention. Treatment with sulphurous acid leads to the cleavage

i

! .
of' the side chain, with the liberation of a reduced pterin-6-carboxal-

'
!
o

[ T
dghyde and pJABG (Blakleyy; 1969). Nitroud acid reacts 'in the cold with &

' 8

_f;§ﬁlic acid to give the lOﬁpitroso derivative (Cosuliéh et-al., 1949).

. \ . ¢
Polyglutamate derivatives of folic acid (conjugates) are hydrolysed by
. o
alkali under anaerobic conditions to yield folic acid and glutamic acid
{ .
(Stokstad et al., 1948). Photodecomposition of folic acid solutiom by

-
. —_—

sunlight to yield p-ABG and an unidentified pterin was first reported
& Ty 4 )

by Stokstad et al. (1947). The unidentified pterin was latef found to

be pterin—é—ca;%oxaldehyde (Blakley, 1969). Exposure to ultraviolet

1 L
light results in rapid cleavage of the molecule at the C9-Nlo position
- \ M
to give a pteridine and a free aromatic amine.

a

'4
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Folic acid and many ofl}ts derivatives can easily be reduced by

a variety of agents to the corresponding dihydro or tetrahydro

. .
derivative. Reduction of foli¢ acid in aeid solution, particularly if

zine 1is used\as a catalyst, is followed by a Spllt at the C9—Nl bond.

With platinum oxide as a catalygt in alkaline solution, folic acid is

reduced to dihydrofolic acid (0'Dell et al., 1947) and in neutral

+

-l
solution it is further reduced to tetrahydrofolics acid.

The oxidative degradation of a few folate compounds has been
studied under various conditions. Chippel and Scrimgeour (1970),

studying the oxidative degradation of HAPteGlu and HtheGlu under

anaerobic conditions at pH 5.6 using ferricyanide, reported that the

A I

products were pterin, dihydroxarthopterin, folate and 6—form§ldihydro—

pterin. The pathway observed is shown in Figure 4. They suggested

~ a

that the oxidation of tetrahydrofolate by ferricyanide occurs via

’ ; .
two-one electron step to produce quinomoid-dihydrofolate (Figure 5).
The unstane quinogyid diﬁydréfolate then undergoes acid-catalyzed
breakdown to yield dihydropterin, p-ABG and formaldehyde. Blakley

t1937), exgmining products of oxidation in air of both H2PteGlu and

T

HéPteGlu, found small amounts of folic acid and large amounts of p-ABG,

¢

but could only account for a small proportion of‘pteridin#g as

xanthopterin. on the other hand, Archer and Reed (1980), studying the

l/\
oxidation of H4PteG1u in air, reported that there w%s no folic ac1d

seen as.product., The products of oxidation of tetrahydrofolate in air,

bs . identified by Archer and Reed (1980) are shown in Table 2.

~ T

~

1

I~




16
3 o o
[ )

n
W oy
1 ‘ " ; CHy-H-R
H o Ty

Ve
» Teirohydrotoiate -

oS |
Ptarin Hﬂﬁtﬁ%-n.'

-

_ Dihydrofoigte | ’
LLL X, OO,
0

Dihydroxanthopterin Folate 6- Formyld;h ydroplerin

Figure 4. Summary of the pathways for degradation: of
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tetrahydrofolate and .7,8-dihydrofolate.
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Figure 5. Mechanism of formation of -dihydropterin from

tetrahydrofolate.
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TABLE 2. Yields of pterins in the oxidation .of H4PteGlu by airl
pH 4 . pH 7 pH, 10
Product 8 hours 7 hours 4.5 hours
. 6-formylpterin 18 ) 57 , ) 78 -
xanthopterin . 3 . 8 11
dihydropterins 30 16 '
pterin " 49 19 8

-y .

1Results expressed as a percentage of total pterins produced.

-

Pterin was the major-pteridime product at pH 4 but small amounts of
- & . o
pterin were produced at pH 7 and pH 10. 6-formylpterin was the major .

product at pH 7 and pH 10, while only a small amount of this compound
vas formed at pH 4. These results indicate that the mechanism of

oxidation changes with pH. At pH 7 and 4, H,PteGlu was degraded to

&
. p-ABG and pterin products, so under these conditions the vitamin

detivity will be completeiy lost.

i

The formation of 6-formylpterin at pH 7 was explained by a

5 . o

mechanism involving electron abstraction at Nl0 position (Figure 6). -“‘§

> The Nlo nitrenium ion formed by extraction of two electrons loses a

3

proton from c? to yield the Schiff base. The Schiff bise would then

' -

hydrolyze to yield p=-ABG and 6-formyltetrahydropterin. Further

oxidation would yield 6-formylpterin. At pH 10, loss of proton from

N3 position in the pterin ring (Kallen and Jencks, 1966) facilitates

4

electron abstraction from the ring.

{"’ {
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Lewis and Rowe '(1978) reported that the oxidationm by potassiui

permanganate effectively cleaved the Cg—NlO bond of PteGlu, HyPteGlu,

H4PteGlu and S—CHO-Hal.-"teGlu to yield p-ABG. 5-CH4-H;PteGlu was ”

oxidized to S—CH3—HZPteG1u. 0'Broin et al. (1975) reported that at

acidic pH the loss of microbiological activity for S-CH3—}i4PteGIu

during heating could be due to formation of an unrecognized putrition~
ally inactive derivative rather than the oxidative cleavage at the
C9-N]‘0 bond #esulting in separation of the pteridine and Pp—aminobenzoyl

ring. The S—CH3-H2PteGlu has been found not effective in supporting

the growth of L. casei (Blakley, 1969).~

/- .
5 '

g. Methods of assaying for folates

! Folate activity evaluation has required the development of both

.

chemical and biological assay methods. -In general, pure or pharma-
ceutical preparations contain sufficient folate to allow chemical
assay; however, in'biological materials having folate levels in the

rapge of 100 ng/100 g material, chemival methods are unsuitable because

of the low levels and interference from the complex chemical matrix of

-
@

the biological material. In this latter case, fluorometric or more -

¥

usually microbiological assays are employed. Recently the chromato-

graphytechnique of highl pressure liquid chromatographil has béen

af

attempted. _ ’ ?

¥
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a)

1.’ Chemical pethods

The cleavage of pteroylglutamic acid (PteGlu} to produce
p-aminob.eéizoic acld or other related moleties is the basis of several

chemical me'thods -to determime folic* acid. . They are used extensively

w—

to assay hiéh )potency pharmaceutical products. Reductipn with
titanous chloride, zinc or zinc amalgam forms p-aminoben;oyl glutamic

acld. Oxidation with permanganate lit::rates p-aninobenzoic acid. b
. j . -

Either species 1s then diazotized with nitrous acid and }:oupled with .
3

naphthyl-ethylenediamine and then the absorbance of the intensely * ' ‘

coloured compound formed is determined.’ This method is &nksuitable for

natural materials since results are not dependable at low concentrations
R 3

of folic acid (Blakley, 1969). Also, the determination is not specific
as the’ colour is formed by all amineés and consequently cannot be ) ‘ 4

recomm;ended for biological materials: ’(Kuoblock and Cerna~Heyrovska, 1979).

° b
/
L
s

2. Chromatographic methods .

¢+ The multiplicit}; of natuxzally occurring chemical forms of o
folates and the lack of technology to measure these forms individually
stimulated the application of chromatographic methods. (olumn, éaper
and thin .layer ‘c_hromatography have been used extensively for 'the L
,separation and quantitative determination of folic acid cieriv‘atives.

These time-consuming methods involve careful extraction from biological

<

material at a suitable temperature in the pregence of ascorbate to

N ~

protect labile reduced derivatives (Noronha and Silvéhan, 1962)¢ Iihe

0

1

extract is t{l}en fractionated on a column of DEAE-cellulose, elution

~ B ) »
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\ . ! 1

o

ﬁéing effected by phosphate buffer which contains mercaptoethanolmor
ascorbaté>(si1verman et al., 1961). The eluate is collected in

fractions which are then assayed by microbiological methods. Recently

°

" high pressure liquid chromatography (HPLC) has been used to identify -

naturally.oécurring folates. Although'this technique has been shown to-
be sensitive and reproducible for routine analysis of naturally occur-
ring folates (Cliffo?d and lefford, 1977), there are some difficulties

of short column life, pH sengitivity and lengthy columm regeneration
~ ' ]

times.

3. Fluorometric methods

Allfrey et al. k1949) developed a method of analysis whereby
alkaline permanganate was utilized to oxidize folates to produce the
strongly-fluorescent 2-amino~4-hydroxypteridine-6-carboxylic acid. The

increment in intensity of fluorescence at 450 nm when excited with light

of wavelength 365 nm is directly proportional to folate concentration.

. Various pigments may interfere, and are removed by chromatographic

.

. absorption. Duggan et al. (1957) reported that folate concentrations as

low as 10 jig/ml may bé§assayed by their method. Kavanagh (1963)
' : &

reported that high concentrations of tyrosine or tryptophan may give

erroneously high results.
3 ®

- On” the other hand, Rouséfg (1979), using liquid chromatography
Y
and fluorescence detector, reported that folic acid does not fluoresce.
Based on their findings, they suggested that fluorescence cannot be

used directly to measure amounts of folic acid, but can be used to

.4 measure the amounts of oxidized folic acid.

P4
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4, Enzymatic methods

-
o » .
.

Various enzymatic methods for the determination of folate
compounds have been suggested by Jaenicke (1971). These methods are

applied when identification of folate derivatives is sought. These

“

methods are more specific than chemical methods and are quicker than

1

~

microblological assays. The enzymes used are those which catalyze
the interconversion of folate derivatives such as tetrahydrofolate
formylase'or‘Mechylenetegrahydrofolate hydrogenase used in determina-

tion of H, PteGlu. .

5. Animal ﬁethods
. ' o

‘ . Chick assay methods of 0'Dell and Hogan (;943) have beert useg to
agsay fol;tes. Rats ﬁave also b;en ugsed for the égtimation of folate
content in biological materials. The mai; disadvantage of animal
assays is that they are expensive and time consuming. They are not

sensitive enough to determine the total folate.activity of foods but
f

they can provide a comprehensive assessment of the nutritional value

“of a food as a source of folate.

\

6. Radioassay methods

The radicassay technique hds been well éescribed by Mincey et al.

*

L(1973). This method is faster, simpler and more accurate than micro-

biological method (Ruddick et al., 1978). The disadvantage 1s that it 7

©»

is only suitable for measuring singular forms of folate usging standard
curves constructed from data obtained using the same folate. Alsc, the

method requires expensive instrumentation.



7. Microbiological methods '

The growth promoting effect of folate derivatives for various ,

bacteria played an important part in the discovery of folates, and

a

bacteria have been used extensively for the assay of folate derivatives

3

in natural materials. Three organisms- have been commonly empldyed:

Lactobacillus caseil, Streptococcus faecalis and Pediococcus cerevisiae.

*

[ “ ’
These organisms do not respond in the same manner to the different

forms of the vitamin. Cooperman (1967) emphasized that the choice ,of
.
microorganism for any assay must take into consideration the type of

v

folates lik'ély to be present in the sample. -

L. casei generaily ‘gives the highest results in assays and has

thus been extensively used. It will respond to the mono, d1 and .

° —
triglutamate forms of foliec acid and to the reduced analogues. Herbert

and Bertino (1967) pointed qut that 5. faecalis also grows well in the
preaence of pteroic acid and the failure to recognize ‘this can lead to
erroneously high results for folates in a food, since pteroic acid 1s

i

metabolically inactive for man. Also, S. faecalis does not respond to
. methyl folate which is Et?.lized by man. P. cerevisiae responds only
to tetrahydroforms of folic acid&. Table 3 summarizes the usual

response of the three organisms to the more commonly occurring folates.

Folates often predominatg in nat%re as polyglutamate ccnjugat.e.s
(Dong and Oace, 1973). The organisms comonly used to det:ermine
folate derivatives are not capable of responding to those derivatives
in ,wh‘ich more than two glutamic acid residues are linked to folic

acid (Table 3). Therefore it is necessary to remove the additional

[
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TABLE 3. Relative activities of various folates as growth factors for
3 microorganisms .

? P. cetevigsiae S. faecalis L. casei’

Reduced PteGlu derivatives + + .+
except 5-CH3H4PteGlu
PteGlu : - ’ S +
PteGlu, - B +
PteGlu3 - ) - + B +
S—CH3-H4PteGlu - ‘ - +
PHerole acid - -
Blakley (1969) ’ N

i

glutamate moieties if these compounds are to be estimated micro-

biologically. Two enzymes termed conjugase are commonly used, namely

-
v

carboxypeptidase found widely in nature, especially in hog kidney and
rat liver; and y-glutamic acid carboxypeptidase which is {solated from
chicken pancrease. ﬁog kidney conjugase has a pH optimum at 4.0 to
4.5 (Bird et al., 1946) and the optimum temperature for its action is .
45-48°C. 1t degrades heptaglutamé;e to monoglutamate. Chicken

pancrease enzyme has a pH optimum at ﬁ§,7.8 and a temperature optimum

Y

“at about 32°C.. It degrades heptaglutamate to diglutamate. Hog kidney

conjugase is more difficult to isolate (therefore expensive) than

1]
chicken pancrease, so in most cases chicken pancrease is commonly used

t
»

In the folate literature the terms free and total folate are
. ) .

A\ . o
used quite often. Free folic acid represents the activity of L. casel

~—

prior to conjugase tﬂéatment. TotJﬁ folate represents the activity -
W

!

o+

R
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h .
present after conjugase treatment. Substracting the free folic acid

activity from the total feclic acid activity, one obtains the conjugated

folic acid activity. %

Toennies et al. (1956}7;gported that ascorbic acid, when added to

“ / '
the extraction solvent, praventea the destruction of heat labile reduced

-.’ .
forms of folic acid. Herbert (1961) confirmed that ascorbic acid was

needed to protect the reduced folates during the assay’of folates.

4

Presently, the accepted procedure for folacin\assay is the

™ 4 .

L. caseil assay.- The AOAC (1980), however, still recommends §. faecali
as the appropriate microorganism. This has resulted- in some confusion
in the literature. Thé major advantage of the L. casei assay is its

N 1

sensitivity to all folates which exhibit vitamin actigity. There are no

complicated extractions and separations required. While coﬁsiderable

! 2

time is required, it 1s not as time consuming as some of the other

techniques.

. .
h. Natural occurrence of folates . T,

N\

The distribution of folates in nature is variable to a great

extent, not only in regard to substitution in the pterin ring, but also
i)

with regar& to the identity and proportion of polyglutamates (Blakley,

1969). Difficulties are encountered in studying the naturally-occurring

- \

folates due to the'lability of many of these compbynds, particularly

the reduced derivatives. 1In the past there has been confusion

a

4
concerning the natural occurrence of folftes due to the lack of

’ /
specificity of the microbiological assay procedures commonly emplqyed

/

!
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in attempts to identify and estimate various folate compourss,

coupled with the fact that none of the test microorganisms responds

directly to the folate derivatives which are now known to ‘occur in

largest amounts. Paper chrématography readily permits the separation
of the folate; which are present in extracts of biological materials
But, again, the problem hére is that many components usually resemble
each other very closely in chemical properties, all being highly ﬁolar,

polybasic acids (Blakley, 1969).

More recently, DEAE chrohatography (Santini et al., 1964) and

(T;x\ high perférmance liquid chromatography (Clifford and Clifford, 1977)
\ -

ve been used to identify the different forms of folates in food.

Téble 4 shows the percentage of different forms of folates found in a

v

few foods. Dong and Oace (1973) observed that over 95% of the total

folate activity in orange, grapefruit, lemonade and grape juice was

>

methyl folate. Organ meats have been repérted to'be rich in folates;
for example, pork liver contains 144.3 ug folic acid per 100 g (yélin,

i%?S), but the amounts of different folate derivatives have not been

’

identified yet. The main type of folate derivative in chicken liver
was found to be S-CH3-HAPteG1u (Noronha and SilQerman, 1962). Other

\ .
darivatives found were 5-CH0—H4PteG1u and lO-gHO-H4PteGlu. In human °

<+

milk %he main folate form was found to be S-CH3-H4PteGlu (Blakley,

-

1960). ’ &

Clifford and Clifford (1977), using high performance liquid

1

cﬁromatography, showed that the only folate in apple juice was

N

5-CH3-H4PteGlu. Folate prbfiles of almonds, wheat germ énd raw peanuts

26 -
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TABLE 4.. Distribution of folates in foods

FQO§ k3

Folate forms

o~

€

[N

Reference

Orange juice

51.77 5-CHj-H,PteGluy
:31.7%" 5-CH3-H,4PteGlug

7.4%
3.0%

15-~30

5-CH3—H4PteGlu8 \
< %

5-CHO-H,PteGlug

40-507 5~CH3rH4PteGlusg

% 5-CH3-H4PteGlu2

0-40%7 5-CH3~H4PteGlu

Stokstad et al.
(1977)

Milk . 90-95% 5~CH3-H,PteGlu
2-37 “\}3=CHO-H;PteGlu e
1-27  10°CHO-H,PteGlu '
Lettuce\‘ 347 '
337
ol . 22%
A
. ( '
\
! ° .
K

o

I SHe R A

by
EEL




7 g i

~ ers poeoeea oo o e = 1

\

showed that the predominant folates in these foods were 5-CH3-H4PteGlu

and H4PteGlu.‘ This limited data would suggest thdg the major form of “

L]

folates oécurring naturally is 5-CH3-E4PteGlu(p).
( N -

!

1. Kinetics of vitamin destruction

0 -Many investigators have shown how thermal ﬁ}ocessing inactivates
nutrients (Bender, l966€ Lund, 1975). Although evidence would indicate
AN that vitamins are very heat sensitive, few studies have been domne to
. »

determine the kinetic parameters whicp describe reaction rate (k) and

its dependence on temperaﬁure (Arrhenius activation ene;gy, Ea).
Several mathema;ical procedures have been developed to aid in
the prediction of nutrient retention in®thermal p;ocessing (Ball and
Olsomn, 1957; Hayakawa, 1965). Foftunaéely, a.majority of reactions
" occurring in foods can be described by well established kinetic K\\
Y + equations. The thermal destruction of microorganisms, most nutrients,

quality factors such Qé colour and flavour, and enzymes generally can

be described by fir'st order reaction kinetics. Expressing the first

,'**—r——ofder response mathematically gives

]

-dC
.____dt' - kc . . . (1)
“ ' }
where ) )
3
-dC
-t Ty is the pate at which concentration decreases
Vol -

C 1is the concentration of nutrient

k is the first order reaction-.rate constant.

"
a i
o

14
o
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N Integrating equation (1) between limits Cprat time t; = 0 and
C at time t results in ' .
, ™
c t ’ .
-7 & - kS e O .
Co t1 .
- ' '- - ' ) ¥ !
In, + lnco T k(e ‘tl) N . y
or |
.. o P
log C = log Cy - -é-%t-b-i- K
i \
kt = 2.303 1og-°-C‘-’ » . ()

Eguiation (2) is the kinetic equation 'for a reaction of the first or

A plot of the log of the concentration ratio (or per cent retained)

. versus time (Figure 7) is a straight line of slope 5= 303 , thus o \

permitting determination of the rate constant. |
The slope of the line can also \I;e expressed in terms of a D

value. A D value ig defined as theb time reguired to destroy 907 of

'the nutrient originally present or the time required for the curve to

traverse one log c}cle (Figure 7).

. \
loga-1logb _ -1 < 1
D D N ~
\‘) .
Since the slope is also a 303 s th\en
=k - :-'1_
2.303 D *
, or o
F - 2,303
0o 7 D = ---------—'k 4 <~ € o e (3)
r J ’/
bv 4 )
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Many actual methods of process calculations utilize kinetic data in the

form of a D value, which can be related to lst order rate constant as

A

t

shown.in equation .(3).

j. Effect of temperature on reaction rate

-

N

il

1

The rates of most chemical reactions increase as temperature

increases. As a general and very approximate rule it  is often stated

i

that an increase in temperature of 10°C doubles the reaction rate.

There are two principal methods of describing the temperature

dependence of the reaction rate constant: (1) the Arrhénius equation
’ {

and (2) thermal destruction time curves (Lund, 1975)., The dependence

of reaction rate constants on temperature as described by th

Arrhenius equation is:

. k =

where

R =

T =

. ® .
activation enexrgy

e:Ea/ RT

reaction rate constant

3

consgtant

gas constant

absolute temperature

Y

i

h

/

i

¥t

Thé‘actiyation energy is the energy required to gét the molecules—dnto

active state. It may be detgrminedlby taking logaritims of both sides

of equation (4).°

In k

b

~Ea/RT .

§

-
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Therefore, a plot of In k versus 7T is a straight ;line of slope

—'gi , and 'Y intercept = 1ln e. /

From D values obtained at different temperatures, it is possible

X to derive a thermal destruction time (TDT) curve. A curve of this type

4

s

which is obtained by plotting the log of D values against corresponding

-

temperatures defines the thermal destruction characteristics at given

temperature as well as the sensitivity of the material to changes in

temperature (Figure 8). The term Z employed in process calculation
¢
methods to account for the relgtn{.ve resistance of nutrients to

different temperatures is equal numerically to the number of degrees

Fahrenheit requirgd for the TDT curve to traverse one log eycle.

log D2 - 1log D1 -1
1 - Z Z

Since the slope of the ’I'D‘I"\ curve (-1/Z) is used to characterize the ’

dependence of the reaction rate constant on temperature it #s related to

[
w

Ea. Reactions that % small Z values are highly temperature dependent,

whereas reactions witd large Z values are.less influenced by temperature.

‘

k. KRinetic parameters of some vitamins

Although many authors have repor.ted the perpéntfage logsg of
nutrients in food product that was given a particular heat, or cooking
treatment, this kind of data is not complete emough to allow estimation
of the kineg;ic parameters that can be used to calculate the response of
nutrient to heat treatment (Lund, 1975).  Among the vitamins kinetic"

data are available for thiamine, ascorbic acid (Labuéa, 1972), :

4
7
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2 pahtothenic acid (Haqq and Lund, 1978) and folic gggab(Chen and Cooper,
1979). For these vitamins that have been studied most of the work Hﬁs

been, limited to very few foodstuffs and to model systems.

Thiamine is probably the most heat sensitive of the B vitamins,

. —

especially in nonacid foods. Farrer (1955) made an extensive review of
thiamine stability in foods for all sork up to that time. He showed
that tn almost all cases the loss of thiamine due to heating could be
predicted by first order reaction kinmetics. He showed that thiamtne
loss is affected by the form ot the molecule, i.e., free thiamine,
thiaminé'inéorpotated to énzyme and protsis;bound th}ksine. The latter
«is the most stable, wﬁile.the enzyme form has the least stability. As
pﬂ increased, the rate of destruction increased. Table 5 shows the
destruction rate constants as calculated by Farrer (1955). Mulley et
al. (1975) observed that when the pH of the phosphate buffer exceeded
6.0- the stability of the thiamine molecule dropped suddenly (Table 6).

. This is in agreement with Feliciottf and Esselen (1957), who observed\
that the most proqounced change in reaction rate occurred between

-pH 6.0 and 6.5.

Feliciotti_(lQSS) hypothesized that the pH of the phosphate +
buffer influences the thiamine molecule by neutralization of the
hydroéhloride. The agtivation energy for—the breaédoWn of the thiamine
molscule in phosphate buffer was 29.4 kcal/mole thlley et al.? 1875).
Feliciotti and Esselen (1957) reported ; value of 28.8 k cal/mole.

-~
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r)' ' TABLE 5. .Thiamine destruction rates in phosphate buffer at 100°¢C
pH Rate constants (min'l)
S : 3 X 0.0008
\ 5 0.0015
«
7 0.0160
(] 8 - 0.14
A Data from Labuza (1972)

TABLE 6. Thiamine destructiopn rates in' phosphate buffer at 129.4°C

: pH ; Rate comnstant (min~1)

:k' = > ] - ’
g 4.5 0.0260

E 5.0 . { 0.0236

; < \ 5.5 0.0358

§ : 6.0 0.0831

: -

: 6.5 , 0.1985

Data from Mulley et al. (1975)

-
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Thiamine is more heat resistant in natural feods than in aqueous ?/

N 3

and buffered solutions. As shown in Table 7, in a food system with pH o
' @

6.18 (pork or lamb) the rates of destruction are much lower compared

with a buffer system of approximately the same pH (Table 6). Although
the pH of the foods tested is quite close, except for the peas and

spinach, the rates of destruction are different. For example, lamb

and pork had the same pH but the rates of destruction of thiamine are
\

e

different. This may be taken tp suégest that the hydrogen ion -
goncent‘ration is not the only factor \involved. McIntire and Frost
(1944) showed that o and B amino acids\ and some of their derivatives

have a marked stabilizing effect upon thiamine at pH 6. Proteins are

known to protect thiamine even, though the\protective mechanism

involved has not been completely elucidateli (Mulley et-al., 1975).
\ ‘

Adsorption upon starch in foods rhay \also play an %;nportantl role in.

causing tﬁe retention of thiamine during heating. Activation energy of
thiamine in food systems 1s shown in Table 7. The values are the same
as those reported for buffer systems. Thi; sugggsés that the mechanism

[

of destructdon in food and buffer system may be the same.

Very little work has been dome in terms of providing kinetic
data for the different derivatives of folic acid. Garret (1956)

studied degradation of PteGlu in a liquid multivitamin preparation at . .

.pH 3.2 in the teuiperature range of 50-70°C. He reported that the

thermal degradation was initially pseudo zero order and subsequently

first order. The extent of the former increased with decreasing

f

’ temperature, The first order rate coTtants and Ea obtained by Garret

-*_',/
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TABLE 7. Rates of destruction of thiamine in food systems
. ‘ “ " Rates of destruction (min-k) Activation
Author Food system - energy
’ 108.9°C  118.9°C 128.9°c  138.9°C  k cal/mole .
Feliciotti and carrots (pH 6.13) . 0.0049 0.0120 0.0285 0.0711
o Esselen (1957) green .beans ) 0.0049 0.0122 0.0311 0.0717 N
> ) peas (pH 6.75) 0.0051  0.0114  0.0276  0.0708
spinach (pH 6.70). ‘0.0067  0.0143 0.0336 0.0825 27.0
beef heart (pH 6.10) 0.0068 0.0157 0.0392  0.0461 '
beef liver (pH 6.07) 0.0067 0.0147 0.0364 0.0892
lamb (pH 6.18) 0.0062 0.0138 0.0377 0.0814
pork (pH 6.18) 0.0055 0.0129 0.0288 0.0717
- *+ 121.0°C 126.6°C 132.2°C .
, Mulley ‘et al. pea puree 0.0093 0.0116 0.0221 27.5
1975 '
(1975) beef puree 0.0091 0.0144 0.0251 27.4
peas in brine puree 0.0102 0.0158 0.0303 27.0
LN ! .
; L
= -

LE
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) TABLE 8. Kinetic parameters for PteGlu and 5-CH3~H,PteGlu
i . -
Folate System H Temperature iﬁfe ts Ea RefereAce
derivative b PE °c constan k cal/mole
(hr-1)
PteGlu ’ Multivitamin 3.2 50 0.0004 16.8 Garret (1956)
preparation 60 0.0010 -
: . 70 0.0620 ‘ -
5~CH3-H,4PteGlu Aqueous 7.0 49 0.0043 9.5 Chen and
solutifé 65 0.0085 - Cooper (1979)
' 78 0.0145 ~
. 100 0.0323 .-

P

-
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(1956) are shown in Table 8. Chen and Cooper (1979) reported that the

.

destruction of 5=CH3-H,PteGlu could be described by first .order
kinetics and the. rates of destruction obtained at pH, 7 are shown in

Table 8.: For both PteGlu and 5-CH3-H,PteGlu the rate constants

'increased with temperature. The Ea for 5-CH3-H4PtéGlu is lower than

that of PteGluy, indicating that thermal degradation of PteGlu is mor?

tegperature dependent than the thermal degradation of S—CH3-H4-PteG1u"

»Paine-Wilson and Chen (1979) ‘undertook a study to determine the

effect of pH and buffer ioms on the thermal stability of folate

. derivatives " Their results show that buffer/ions have no effect’ on the

<

*

v

rate of destruction of PteGlu (at pH 3). This is in agreement with
L1 - . £

’

Dick et al. (1948), who reported that the destruction of PteGlu is
dependen®t on pH only and does not depend on buffer‘ions. The thermal

stability of 5-6H -H4PteG1u is affected by buffer ions. 0'Broin et al.

3 &

(1975) found variation in rate of destruction of S-CH3-H4PteG1u as a

function «of buffer ions. The effect of pH on two folate compounds

is shown in Figure 9. For 5- CH3~H PteGlu, the greatest stability was

4
displayed at pH 7, while the'étability of HaPteGlu decreased as the

pH increased.

Ascorbic -aclid is highly sensitive to various modes of degrada-
tion. Factors which can influence the nature of the degradative
mechanism include ﬁfmperature, salt and sugar concentrationm, pH,

oxygen, enzymes, metal catalysts, initial concentrgpion of ascorbate
& ]
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,and the ratio of ascorbic acid to dehydroascorbig acid (Archer and

Tannenbaum, 1979). Since so many’ factors can influence the natyre of
i - . .

the“ggcorbic acid degradation, it is not feasible to construyct cléarly

defined precursor-product relationships for the products in the ~

v \ 3y -~
reaction pathway. #
4

&

In the presence of oxygén, ascorbic’ acid is degraded to . N

N W
dehydroascorbic acid. .The rate of formation of dehydroascorbic acid

‘

1 ©
can be deseribed by first order reaction kinetics (Archer and B

Al

Tannenbaum,’ 1979). Barron et al. (1936) found that the rate of

!
.

ascorbic acid oxidation under aerobic conditiong is very slow in acid
and neutral solutionzLEﬁ the absence of metal catalysts. Finholt et al.

(1963) reported that the rate of ascorbic acid destruction 'in acidic
: 5 :
medium reaches a maximum near the pKa, of ascorbic acid, which is 4. *

"

Lee et al: (1977) reported that the destructi%? rate constants changed
with pH, reaching & maximum at pH 4.06 (Table 9), which is near pKa of

\ « ~
dscorbic acid. This jis in agreement with Huelin (1953), who reported

~

that under anaerobic conditions in citrate buffer the reaction pro-

ceeded most rapidly at pH 3-4. -

-

N .
The activation energy for anaerobic destruction of ascorbic

1 l

acid in tomato juice cﬁanged with pH (Table 10). ‘Tﬁé change of Ea
. - , +

! with pH coulﬁ;be due to the fact that destruction of the complex form ' ,\‘
- % .-

“+

. of ascorbic acid requires less energy than required for the dissociated

A

and undissociated forms of ascorbic acid, and the amount of the

.

complex formed could reach a maximum near pKa, of ascorbic acid A :

L4

(Lee et al;, 1977). ' o - .
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. TABLE 9. The first order rate constants of ascorbic acid as a function ’

‘ of pH at 37.8°C
“ . ’ -1 -1 .
) pH Rate constant. (10 = day )
L) . .
© ’ . 0.
’ .7 3.53 | 1.8408
.- 3. : 2.2793 .
‘ 7‘ 4,06 ) 2.4788
6,36 . " 2.2749 ' .
e ) 2

~, From Tee—¢t al. (1977) :

B
Q »
D : .
. N
¢ o™

TABLE 10. A.ct:.vat:.on energy%f ascorbic acid in tomato juice at
different pH values\

S <
T pH Ea (kcg’llmole) .
. 3.53 5, " 4,493
3.78 . 4,015
p . 4.06 > 3.295 « e
%.36 - 4,847
} . -
. J .
- ‘f\ f ’
P Y A "
! , & . )
/. °r : R
L} 2 [ 2 - B
, VA ,
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The comparison 1of Ea values of ascorbic acid in model and in
buffer system indicate that kinetic data obtained from model systems
way fot be very usefuyl in .food sy"stems. Table 11 shows a selectiofi of
the values reported in the literature. Within the food systems some
Ea values are very low (r::omato juice), while in canped peas the Ea is
quite high. These differences within foods and between foods and‘

model systems could be due to different destruction mechanisms occurring

in each systen. .

The physiological activity of pantothenic acid is destrdyed by

hydrolysis of the molecuie into permtoic acid and B-alanine (Frost,
1943)." This hydrolysis is a function of temperature, pH, moist‘;ure

. content and buffers. Hamm and Lund (1978) reported that the destruction
of pantothenic acid in model and in food systems at \temperatures
between 118 and 143°C could be described by first order kinetic
equations. This is ‘in aglreement with \Garret (1956), who :tated,that
‘the destructiqn of paixtot}:enic acid ,\“ pH 3.2 ﬁ.’f‘n a multjvitamin
‘preparation codlfl be described by’ Eirsé order kineticsy He jrepo.rtead an
Ea) value of 21 k cgl/mole. Table 12 shows the Eesults obtained by Hamm

nd Lund (1978). Their results show"that as the pH of panto?thenic acid

1 .
gystem increases’'the Ea also increased. -This was taken to suggest that

the mechanism of “ther‘mal inactivation changed as the pH changed. -
) ¢
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"TABLE 11. Activation energy of ascorbic acid in food and model systems !

mce , ‘ ‘

-

Food/Model system

13

Ea

(k cal/mole)

ra
Labuza (1972)
Labuza (1972)

Labuza (1972)

Lee et al. (1377)

‘Lathrop et al. (1980)
Huelin (1953) .
Blaug and Hajratwala (1972)
Dennison and Kirk (1978)

Wheat flour Aw 0.65
Corn-soya milk

Dehydrofrozen peas
Aw 0.9

Canned tomato juice
Canned peas

Phosphate buffer pH 5.6
Phosphate buffer pH §

Dehydrated model food
system Aw 0.65

223
36.5
45.0

\

3.3
41
18

22,4

18.3

' )
)

TABLE 12.

o

-

3 3

food systems

Activation energy of total pantothénic gcid in model and

4

Food/model system

-

Ea (k cal/moie)

T
- Phthalate buffer pH 4

Pt(xthalate buffer pH 5 . .
Phthalate buffer pH 6
Meat puree pH 5.4

Pea puree pH 7.0

\27

'Data from Hamm and Lund (1978)
\ - : 1
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1. Folate destruction during processing

-

\,
Tht folacin content of foods isfgreatly affected by conditions

associdted with processing, storage and preparation. Several workers

Q@ B
have generated data on folate levels (Hoppner et al.,1977) and per cent

- destruction oflfolates in foods (Table 13), but this kind of data does

FERN

not lend itself to a lc'[uantitative description of the losses likely to.

occur under’ a variety of conditionms.

Y

Direct comparison of the data available in the literature on
{

folate lésses in foods (Table 13) ie:. not pos&ible since in most cases,
time, methods of cobking, tempera‘tures, as well as the amounts of water
used were not reported.. For example, in Hurdle's (1968) experiments
-the‘cooking water was not included in the assay and they reported a
loss of 897 f‘olat:e activity \in broccoli. However, Fennema (1975)
reported that 8-10 minutes cooking- gave losses of only 25-357 in
brocecoli and‘ 1007 of this was re;:overed in the ceoking water. Kle;in
et al. (19}9) reported high va/lug's,qf‘fe/t;ltion in vegetabl;as (Ta};le
13). Althq}lg)h)hey/ﬁé/t;d/the amount of cooking water used, the assay
oif folates in the cooking water was not reported. The differences
reporteci on the same food undber almost tHe same process condition
could be dué to differepces in assay techniques. Few studies are
repgrted where ascorbate prot:ect:i.on~ of labile forms of' fc;late was used
along with conjugase treatment to release the conjugated forms o'f‘ the

vitamin. This suggests that it 1s difficult b estimate accurately
3 ’ PR T

nutrient content of diets from tabulated values.
»

’
LY
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TABLE 13. Reported observations of folate losses in foods subjected to
various processes

LY

Gj

Food Process Loss of
folate References
product method activity 7 Vo
1 . 7 "

Beef liver fried 10-15 min 15 Cheldelin et al. (1943)

Halibut\ fried 7-10 min T 46 / . "

Cauliflower steamed 30 min 88 "

Carrots | . steamed 30 min 97 "

Potatoes boiled 30 min L, 93, ; )

Cabbage | steamed 30 min 92 " \

Egg scrambled 5'min 31 ' "

Egg T fried 5 min - 21 Hanning & Mitts (1949)
" . scrambled 7 min 18-48 " s
" poached 33-39 "

Cabbage | boiled 5 min 98 Hurdl\e et al. (1968)

Potato boiled - 90 . "

" . fried o 89 | "
Broccoli boiled ’ 89 - "
Egg yolk boiled S 70 L

" fried o 29 ' "

Spinach boiled 10 min To12.4 Klein et al. (1979)

Green peas boiled 6 min ° ' 18 - " )

Green beans ¢ boiled 9 min None "

Broccoll botled 5 min .  51-59' "

Meat/vegetable camning & storage neglig.ib‘le Hallendoorn et al.

for 1 % years ' (1971),

Flour milling - 20-80 Schroeder (1971)

. ' ' N -
v
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Folate ‘derivatives have been found to vary greatly in thermal
stability. The dif\f\e:encés in‘ stability of vario~us folacin derivatives -
may accou}zt for the wide variability in data concerming folate‘ loss
during the cooking of foods; therefore, it is worthwhile to \character—
ize all paturally occurring forms in terms of stability during’

processing and storage.

1. Preroylglutamic acid

»

PteGlu is the folate used therapex.xtically andq in f;od sup.-;
plementation. Thermal stability of PteGlu has been studied under
various conditions. It is stable to boiling in aqueous solution up to

h e
2 hours (Coleman et al., 1975). Expo;ue to higher temperatureg
results in some losses of this form of the vitamin. Keagy et al.
(1975) observed an average of 117 lgs of PteGlu in baking bread BN
fortified with 5 mcg PteGlu/gram flour. Cooper et al. (1978) showed /
that PteGlu is quite s}:able to heat at 100°C 4in neutral solutioms. ‘
Dick et al. (1948) undertook a study to determine the thermal stability
?f PteGlu. Thelr results sﬁowed that PteGlu is stable up to one hou;
when hezjlted at 100°C in solutish of pH above 5 It has been shoyn; that
buffer ions affect the destruction of folates. _O'Broin‘ et gl. (1975%)
cdm;‘ar.ed stability of PtéGh ih di:ffer;znt buffer systems and four;xd that
in the presence of phosphate buffer at pH 6 and 8.0 PteGlu underwent
more thermal destruction as compared wicﬂ the other buffer systmiﬁ’;:\!-" ) !
tested at the same pﬁ, Dick et al. €1948) found that the variation of \

N

S

thermal destruction of PteGlu does not depend om che constituents of

\



3

N

\ tht\a buffer solution. Their findings are in agreement with those of

Pai\ne—Wi]:son and Chen (1979)], who reported that at pH 3 the rates of

thermal destruction of PteGlu were similar using four buffer systems.

\

food processing and storage (Archer and Tanmenbaum, 1979). Although

\

4 Cooper \st al. (1978) reported that the most stable reduced folate was
4

- /S-CHO—HﬁiteGlu hich had stability comparable to PteGlu. There was
\

\

A
¢ \

[
at pH 3.0 i&-\vario s buffer systems. Rabinowitz (1960) reported that

no significant difference in stability of 5-CHO-H4PteGlu when heated:

at bH 7, 5 dHQ—HaPte 1u was' relatively ,stable in maleate buffer but

was rapidly h;'\‘cirolyz“e in tpe presence of phosphate, pyrophosphate and

arsanate buffer\s. However, O'Broin et al. (1975) did not observe this

effec{: of phos;;hate buf r on 5-CHO-H4PteGlu at room temperature.

P'air;e-Wils,on aﬁd é‘fxen (19 2; reported that H,PteGlu is highly unstablg
_as compare‘d with other folates and the lability was greatly influenced .

. 7y

by pH ard buffer ioné\. The

reported that H,PteGlu was v?lry susceptible

to oxidation by atmospheric oxygen which made it difficult to handle

’

except under solutjiouns co’nt:a/i:i ig reducing agents.
£ \ .

AT

v
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3. .S—methyltetrahydropteroylglutamic acid

!

As stated earlier, the limited data tﬁét are available indicate
i

that, particularly plant derived materials contain 5-CHy~H4PteGlu(p)
o forms as the major constituent. Cooper et al. (1978) observed that
over 907 degradation of 5-CH3-H4PteGlu occurred within 65 minutes of
T heating at 100°C. The half life of this derivative was 21 minutes in
aqueous solution at pH 7 (Chen and Cooper, i979):‘ Paine-Wilson and
Chen (1979) observed that the greatest thermal stability %as displayéd
;; pH 7 at 100°C,.whi1e Q!Broin etﬂal. (1975) reported that at room

temperature the compound had maximum stability at pH 9.0 and was

relatively stable i# alkaline conditions.

v

*

m. Effect of oxygen on destruttion
of folates
\

The presence of oxygen has been shown to affect the degradation*

of folates during heating. Ford et al. (l969)/reported that the

variation in the stability of folates in milk was directly related to

’

the presence of oxygen in the milk. Rolls and Porter (1973) showed
that the percentage of folacin destroyed during heat procesging of

milk is greatly affected by the level of residual oxygen in the milk.

'Chen and Cooper (1979) observed that both S—CHé-H4PteGlu and H4PteGlu

were considerably stabilized when heated at 100°C under nitrogen

)

‘@tmosphere. 5-CH3~H,PteGlu lost little activity through one hour of
\ i '

heating under nitrogén. The stability afforded by the nitrogen

/ ( atmosphere was comparable to the stability afforded by a level of 0.1%
{ , -
scorbate.

L ' \ ‘
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CHAPTER III

§

MATERIALS AND METHODS

.
¥

Water used in all the experiments was double distilled water.

a. Sample preparation

1. Ptetroylglutamic acid A

X
PteGlu (1 gram) was dissolved in 100 ml of 0.1 N NaOH and the

concentration was checked by using Beckman A25 spectrophotometer.
L[4

According to Uyeda and Rabinowitz (1963), a 172 solution of PteGlu in"

3
0.1 ¥ NaOH shows an absorption maxima at 256, 282 and 365 nm, with
values of 585, 570 and_206, using a 1 cm light path. These values were

useq to check the concentration of the prepared solution. From this

solution a stock solution (1 ml diluted to 1 litre) was prepared. The ™

+ stock solution was frozen ip 5 ml aliquotes and stored in the dark at

i

.=20°C. New solutions were prepared every two weeks. When needed, 1 ml.

L% A
of the stock solutfon was diluted to 10 ml with citraté/buffer of the
§

" desired pH and.ionic strength. The final concentration was 0.89 ﬁg/ml.

This solution was made fresh each day.

’ !
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Sigma Chemical Compariy, St. Louis, Mo, and stored-in a freezer at -20°C.

. b. Prepardtion of Puffer solutions

.
NG

2. 5-Methyltetrahydrofolic acid - ' nd

e

= DL-N~5-CHqH4PteGlu (sodium salt, 90% purity) was obtained from

When needed, 11.1 mg was dissolved in 5 ml of cold water (4°C) and then

1 ml of this s;lution was diluted to 100 ml. This s?lution vas stored

in 5 ml aliquotes in a freezer at -20°C in the dark. When needed, 1 ml

of the stock solution was diluted to 10 ml with citlra'te buffler. of '
\:‘iesired pH. The fifal concentration was 1.998 yg/ml. This solution

was made fresh each day. F

12

)

. -
Cicriczacid monohydrate powder was used to prepare the buffers.

The amounts of citric acid used to give the desired pH and ionic

'strength were calculated by using the Hendkrson-Hasselbalch equation

3

which states that ' ’ . |

[salt
RF§‘4 1°310 (acid]

and I = Z c.z’.
. i1

pH

¢ . ) 1
whére I = ionic strength of solution .

c. = molar concentration of‘th&" {ionic type {

z, = valency ’ ‘ it

i

' The pH, ionic strehgth and weight of citric acid used are shown in

#

'rable‘ll;. 1.0 N NaOH was used tc; adjust the pH to the appropriate

A ’

value.

1t
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TABLE 14. Aﬁlounts of citri'c acid used to prepare buffer solu}:ions

-

Moles of citric acid

pH Ion:kc strength per litre
7 - A)
3 0.1 0.249'
0.15 1 0.374
| 0.2 : 0.639
@ 0..4 \ ’ 0-998
. 0.1 0.295
. 0.1 0,047
| ‘
C e 0.1 0.029
t
AY b
3 o T
, .
' - 3\
¥
]
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c. Preparation of food samples ) . /;

1. Preparation of bacto-chicken i’ [
pancrease (conjugase)’

Bacto~chicken 1;ancrease (1 gram) was: giided to 30 ml of 0.1 M
phésphate buffer pH 7.0, covered with toluene and incubated at 37°C
c;vernight;.' After incubation the toluene was carefully Poured‘c:ff and

\ "the mixtu;:e was- centrifuged for 1 hour at 2000 rpm. Dowex 1 X 8
(chloride, 107 w/v) .was added to the supernatant and stirred for
h hour in a cold yoom at 4°(}. The mixtute was centrifuged and the

supernatant was stored in 5 ml aliquotes in a freezer at -20°C until

ready to use.
The phosphate buffer was prepared‘ by mixing equal volumes of

2774

0.1 M NaZEPO"‘. ’ .

s - 0.1 X NaH2P04 and 0.1 M Na, HPO, and the pH adjusted to 7.0 by ad&ing

x " 2. Refioval of native folates from
' tomato juice

\

Tomat:c:; djuice purchased 1oca11§ was usefd. Tomato juice (400_ml.
- . .PH 4.3) was diluted with 100 ml of water and the pH adjusted to 6.1
with 5% ammonium hydroxide. This was then heated in a boiling water
- (‘\, o bath for 5 minutes. Aftef cooling to room temperature, 5 ml of

g chicl‘cen’ pancrease preparagion was added; the mixture incubated at

z 37°c/ £dr 18 hours, then heated for 15 minutes in a bo'iling water bath
then cooled to room ‘temperature. I}we;: 1 X 8 (chloride 40% w/v) was
added and the mixture was stirred in an ice bath in a céid room (4°C)

( P «  for 8 hours. The mixture wad centrifuged for 20 minutes at 2000 rpm

°

A

P

i
y
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and another 407 (w/v) Dowex 1 X 8.(chloride) was added to the super-
N natant and stirred in a cold room for 12 hours (supernatant included

-

-

. .
the solids from tomato juice). This was repeated for another-12 ‘hours

A

and then a proportion of the supernatant obtained was assayed for

folates using the standard L. casei procedhre to check if all félates

p?
¢ o
had been removed. The folate free supernatant was then freeze dried

' and kept in a freezer at -20°C. When needed, a weighed amount of
P -

solids was rehydraqgﬂ to 93.6% moisture and the pH adjusted to 4.3

uging 1.0 N ecitric acid. This prepared tomato juice (9 ml) wis mixed

y with 1 ml of PteGlu or 5-CH3;H4PteGlu and put into capillary tubes and

sealed as described fgg destruction testing, which will be described

later. -

. . .
3. Removal of native folates from !
apple juice d

-/
Apple juice, QH 3.4, purchasgA/iocally,vwas used. The same

. procedure was fo;lowedﬂas for tomato juice except that the;e was no

dildtion done and after adding Dowex 1 X 8 (chloride) stirring was dome

for 6 hours and thgn centrifuged and repeated for another six hours.

The folate free supernatant obtained was adjusted to pH 3.4 with malic

acid and kept in 10 ml aliquotes in a freezer at -20°C until ready to

use.~(Wheﬁ needed, 9 ml of the thawed juice was used to dilute 1 ml
/

of PteGlu or 5-CH3-H4PteGld solution and then put into destruction

~

tubes. .

Y

-

g B e g
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d.  Thermal destruction of folates o )

1

] N
The method of Stumbo (1965) was useq.,\épproximatei§'50,mg of

. AN
a buffered solution containing 0.89 ug/ml PteGlu or 1.998 ug/ml

'51§HS-H4PteGlu was placed in a capillary tube (1.6 x 100 mm) by

capillary action and*the ends of the tube sealed in a small flame.

,

'The weight of the solution in the tube was determined by weighing the

tube before and after filling and its volume computed by assuming a
; .
density of 1.0 g/cc. This procedure allowed trapping of the sample in °

, L]
the approximate centre of the capillary tube to veduce or eliminate

r

. L ]
end egfects which can occur if the sample contacts the end of an . \
\5 3 *~ / .
irregularly sealed capillary tube. The tubes were placed in a specially

- . ‘ N ’ ‘
constructed stainless steel rack. All capillary bes were set up in

S . , A

triplicate. . - '

L

. \
" , \ :
,Heating was done in a Braun Thermomix 1480 stalnless steel bath

filled with stabilized high temperature oil. Individual capillary « ~

tubes were removed at specified tgme periods and placed in a second

LSRN

espeéialiy constructed rack immersed in an ice: bath. Individual

) ‘ . ‘ -
capillary tubes were removed from the cooling bath, dried, dipped in

ethanol and flamed prior to immegsion in 5 ml sterile water,

previously pipetted ésceptically into sterile, cappéd plastic 15 ml

~

centrifuge tubes. The capillary tube was then'crusﬁed withﬁg sterile
glass rod and the .tube concenté‘thoroughlj mixed with a vortex mixer..

The tubes were then centrifuged for 2 minutes to ensure that all glass

3

separated. One hundred ul of the supernatant was added

o

particles wére

-

to 9.9 ml sterile assay media and assayed for folates.,

24
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2. Angergbfc desgrudtion of S-CH3-ﬁa§teGlu'
£ ‘

]
4

One ml of the prepared stock 5-CH,H,PeECLu was diluted with
0 i i

the solution for 30 minutes in a glove box‘éFisher'Sdientific) hic

Pa]

. had previously been flushed with nitrogen. The Sissolyed oxygen in

-the solution aftér flushing for 30 minutes was determineg by using a
’ P ¢ ° +

[y
\

The amount of dissolved oiféén after flushing was 1.7Z. Filling| and

R

v

sealing the capillary tubes was dome in the glove box. The dest
!

was Ehen\gone as described previously.
' ™~

{
<
1

/

. ;
f. Assay for folates '

'

.~
N '1. .Maintenance of 3tock culture . i

[

, Pure lyophilized culture of L. casei ATCC 7469 was ohtained

B
-
a

N from American Type Culture Collectibn and stored at 4°C until ready - ’

o

to use. One week before the preliminary assays WéreNE{arted, thel vial
. : ¢ '
which contained the culture wai%opened ascepticallyfan 0.4 ml of

9 < '.\ ' .o
N . rehydrated MRS broth (Difco) was added. Thé\gplture wag shaken i

" order to achieve uniform suspension and then‘trgpsferr d asceptica%ly

- toalp x J50 mm test tube containing I¥ ml of MRS broth. Theﬁtes

. . tube was incuba;ed at 37°C for 24 hours. “After the in?ubationlpéri d,

[

the cultyre was allowed to cool to room temperagure, then inoculate

b

into 16 x 150 mm test-tube containing sterilized Bacto+Lagtobacilli 4

4
B

Agar (Difco) and incubated at 37°C for 24 hours. Stab

v

9
cultures wexe

o~

-
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v

tben cbtained from these cultures and stored in a cold room at 4°C.

The scheme for maintenance of stock culture in agat stabs was accord-
, ; &
ing to Cooperman et al. (1960) as shown in Figure 10. Transfers were
r y
b}
made once every month., Prior to each test the cultﬁre was transferred

for two consecutive days on Bacto—Léctobacilli Agaqngifco) slants to

revive the microorganism., )

o

2. Preparation of inoculum ° . ) '

-

Inoculum for assay was prepared by subcultﬁring from the agar

[
.

slant into a tube containing 10 ml prepared MRS broth. After incubation
P ‘ A

for 18 hours at 37°C the tube was centrifuged, the supernatant

discarded and the cells resuspended in 10 m]l sterile 0.85% saline
- ; )

solution. The culture was recentrifuged and twice resuspended, in
fresh sterile salfne. The culture was then diluted (1 ol to 100 ml)

with sterile saline solution and one drop'of this was used to insculate

¢

the assay tubes. - ' ) ~ v

# -
. . ™~
3. Microbiological assay . 3

v

s *

. The method of Waters and Mollin (1961) with modification %y
l.‘ ) B
Tamura et al. (1972) was used. BRehydrated Bacto-Folic Acid Casei media

(5 m1) containing 0.057% ascorbic ‘acid was dispersed -into test .tubes

2

and 4.9 ml of water was added to each tube to maie the volume 9.9 ml.

All the tubes were autoclaved for 10 minutes at 15 psi (121°C) and

", . : %
then cooled to room temperature. Sample solution (100 ul) fnd a dto£;¢
of the diluted L. casel cell suspension were added to each tube and

vofﬁ&xed. The tubes were imcubated at 37°C in an agitated Magni Whirl
Y =3

! x ot o o . j
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igure 10. Scheme for the mainten?nce

of stock
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¥ and 3'
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culture "in agar stabs.

for first week
for second week
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3 3
constant temperature bath (Blue M, Electrical Comﬁany, Illinois,
 U.S5.A.). After 18 hpurs incubation, the tubes wéreﬂremoved and
aétoclaved for 15 minutes at 1219C. After thorough mi}ing on a -
\ j ' B . /Z' -
vortex mixer, the turbidity was measured at 660 nm on a Beckmaﬁ"AZS
¢ .
spectrophotometeEygquippéd with the sipper accessory. The am?unt of //“\"‘
\ N

\ 4 R - , Y- E
folate left was detgrmined by using a standard curve obtiined as —~--

described below. . '

-

~ ES

g. Preparation of standard curves ) ’
[ 2 ’
1. PteGlu standard curve
‘ N . i
i) S%ock solution of folic aeid )

N
-

PteGlu (1 gpam)’was dissolved in 100 ml’ of 0.1 N'NaOH and the ﬂ

;

concentration was checked on, the Beckman A25 spectrophotometer as

described before. From this solution, 1 ml was taken and diluted to

N ol
100 ml with 0.01 N NaOH wit@ 207 ethanol. T‘Qe solution was then

A\l N
v

icovered with toluene and stored in a dark glass bottle (ground glass

- s
. ?topper)vin:a refrigerator at 4°C. New solution was prepared every

two weeks. - ,
o .

i1) Working standard solution

Ly

The stock solution (1 ml) was diluted to 1 litre in a volumetric

flask and 10 ml of this solution was furthtr diluted to 500 ml; This
/s > ' ’
solution was made fresh each day.

5
-y Y . 4

.
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., 1ii) /Preparation of standard tubes

To tripliéate 16 x 150 mm tubes, 0.0, 0.1, 0,2, 0.3, 0.4, 0.5, 'hj

0.6, 0.7, 0.8, 0.9 apd 1.0 ml of the working standard folic acid was . '
added. Water was added to each tube to briné the,volume to 5 ml. To

. . ’ 9’
each tube 5 ml of folic acid casei media which conpainedL0.0SZ

ascorbic acid was added. The tubes were autoclaved for %\minutes at
S
121°C. The tubes were then cooled to room temperature before inocula-

-

tion.

] ’

iv) Inoculationr and incubation

¢
i

. All the tubes were inoculated asceptically with one drop of the Cor

inoculum, mixed for one minute on a vortex mixer and then incubated

. . ' - X y

b .

at 379C in an agitated constant temperature water bath. A new standard
. ) .

curve was prepared for each set of assay, “

[l

.k LN < -
2. S-CH3-H4PteG1u standard curve

Y
i) Stock solution of S—CH3-H4PteG1uh*
"’;v"r . -~ '

S—CHB-HAPteGlu T{11.1 mg) was ﬁissolved in 10 ml of water and
1 ml of this solution was diluted to 1 litre and stored in 5 ml

aliquotes in a freezer at -20°C. New solution wa§”prepared each week.

- ¥

“—iiy"Working standard solution : ‘ f
g , ) ' e
\\» The stock solution of 5-CH3-H4PteG1u (3 ml) was diluted to

s 8

1 litre in a volumetric flask. This solution was made fresh each day.

+ “
RPRTRAr L I

The solution was sterilized by filtering through‘a millipore filter "

paper type HA 0.45 im. d




“1ii) Preparhtion of standard tubes * - ,

To triplicate tubes, 5.0, 4.9, 4.8, 4.7, 4.6, 4.5, 4.4, 4.3,
4.2, 4.1 and 4.0 ml of water was added. To each tube 5.0 ml of

rehydrated folic acid casei media (Difco) wpich contained 0.057 -

, ascorbic acid was added. The tubes were autoclavéd for 10 minutes at’

&

121°C and then cooled in a cold water baEE? .After cooling, 0.0, 0.1,

0.2, 0.3, 0.4, 0.5, 0.6, 0.7, 0.8, 0.9 and 1.0~ml of the sterilized
5-CH3—H4PteGlu solution was added asceptically to the tubes fbﬁbring

the volume in kach tube to 10 ml.

‘iv) Inoculation and incubat’ion ,

. ~
. A
¢ All the tubes werglinoculated asceptically with one drop &f the
‘ inoculum, mixed for 1 minute and then incubated at 37°C in a water (/
o

bath for 18 hours. After incubation, the tﬁbes were autoélaved,
' . %
cooled and after thorough mixing, the absorbance was measured at 660 nm

on a Be$kﬂan A25 gpectrophotometer. Distilled water was used to zero®
™. \J

\\Eﬁe instrument.
{

h. Calculations -
Y |
s ' % )
p ReacFion rate constants were determined using the first order

reaction equation

-

|9

kt = 2.303 10395"-

3

,/
where )
3 4
",
k' = rate constant
. &
t = time ‘ @

. ) ) v

?
kel +
« \‘ ‘
, . .
, .
.
"
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*covariance technique described by Ostle (1975). The rate comstant wag_

i R \ 4

N e
=
?
o
N

.
;
(v \
» s ‘ \ .
.

co = concentration at O time RN \ ,
N ) \ N\ .
- / \ i
;. ¢ = concentration at time t ‘ P ,
\ ~ - -7

o
Plotting log10 qf per cent folic acid retained versus time of heating®
\ .
} i
at constant temp%rature, a straight line was obtained. The slope of
‘the line was obtained by linear regre531on analysis (Snedecor and .

Cochran, 1967) and the difference between slopes of linps tested by a

+e is a constant |\

=i
[ ]

activation energz

/™R = gas constant - h o
3 ! ‘ v
ture

absolute tempera

-3
[

-

The natural logarithm of the rate\ constant was plotted versus the

-

re?iprocal of the absolute tempera gre and the slope of ‘the line was
obtained by linegr regression analy;}§. The activation energy"‘wasi ' IWS/
o?taipig,by mufiiplying the slope by éﬁe gas'co?stant R. Covariance
analysis (Rstle, 1975) was used to test\wﬁether the slopesiff’the

Arrhenius plots were)significantly/differeﬂt.

\\ 5 ‘
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\ ' CHAPTER IV

a. Thermal‘desﬁruction\\of PteGlu .
~ 1 . )
. /7 ' -~ >
- /?,sy/
1. PteGlu standard<{curve - .
~

AN

4
A A
R

Figure ll‘\g ws three standard curves obtained on three different
e ) - : N

casions.\/llygjﬁstandard curves were in good agreemertt with that
=" G AN '

=
o

&

AN 5 ‘
Wa\ivg%s and Mollin (1961). The differences observed between

ith each folate determination and so a

Sy
T~ &
unique standard curve was run on each\ocmc‘:asionw

™.
— ! - .

a unique standard curve run

¢

-

\ 1]
¢ . 3 . A \ *k‘
2/ Destruction~of PteGlu in citrate buffers . \‘\
// The thermal destruction curves for PteGlu obtained at pﬁ\3,\4,
. & l i \\‘

N b VS L3 my gy

5 andﬂ(ﬂ) in citrate buffer At 121°C are shown in Figure 12« By using T

linear regression techniques, a model based on firsgl order kinetic was
fitted to the data. The correlwon coefficients >of these plots ranged

4 .
from 0798 to 0.99 and were highly significant (p » 0.01). Similar

results were obtained at 100, 110, 130 and 140°C (Table 15).

o 63
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0.98 at pH 5, 0.98 at pH 4 and 0.98 at pH 3 are significant (p>.0.01).
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. * Figure 12. Rate of destruction curves for PteGlu in citrate i
) buffer at 121°C, pH values as shown. Correlation coefficients, 0.99 at pH 6, &
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- TABLE 15. Effect of temperature and pH on the rates of destruction of PteGlu in citrate buffer .
s L, - Rates of destr&ction* (hr_l) \_
pH ‘
’ R 100°C 110°C 121°C 130°C “ 140°C
3. 0.145 (0.97)2 0.293 (0.98) 0.744 (0.99) 1.66 (0.98) 2.36  (0.99)
< 4.0 0,074 (0.98) 0.128 (0.98) 0.234 (0.98)" 0.580 (0.98) 0.840 (0.99)
5.0- 0.021 (0.95) b 0.031 (0.96) 0.053 (0.93); 0.112 (0.95) 0.207 (0.97)
- . 7y
6.0 0.015 (0.94) 0.026 (0.97) ‘0\."049 (0.99) | 0.076 (8:96) 0.133 (0.99)
- F ~ « .
] *Rate of destruction = slope x 2.303 - _
. 4The correlation coefficients (in parenthesis) are sigr;ificant (p >.0.01)
. bﬁRaCe consétants bracketed by the same line are not significanfly different (p = 0.05)
P P > o
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'ansidering the inherent error in micro?iological assays, the extremely
good fit of the lines to the experimental points is strong evidence

that the thermal destruction of PteGlu in citrate buffer canm be

described by first order reactiom k‘:.'.net:ics at 100-140°C. This agrees
v;ell with the findings of Garre‘& (195/6) for PteGlu destruction at

pH 3.2 and 50-70°C and thoie of Paffie-Wilson and Chen (1979) for PteGlu /

* inactivakion at 100°C at pH va:lues ranging from 3.0 to 6.0 in several

i

buffer systems.

The possibility that folate destruction rates could be affected

ijby ionic strength has not been addressed in the literature. However,

e

it was determined (Table 16) that ionic strength did not affect

destruction rates (p » 0.05) between ionic strengths of 0.1 and 0.4 at pH 3.

‘

The value obtained at ionic strength of 0.40 is quite high in view of
the other values, in spite of being not sighificantly different (p 2 0.05).

3., Effect of pH and temperature on .,
. destruction of gﬁeclu

The effe”&ht of pE on the rate constants is shown iy Table 15.
At all temperatures, as the pH increased from 3 to 6 the rates of

destruction decreased. At 100, 110, 121 and 130°C ‘the rates of

destruction of PteGlu at pH 5 were not different from the rates of i

£
+ destruction at pH 6 (p > 0.05). At 140°C the rate constants were all

statistically different at all pH 1e;rels (p € 0.05). . :

. N
Comparison of the data obtained in the present study at 100°C

am  with available literature values is shown in Table 17. The rate "
! t

u

constant reported by 0'Broin et al. (1975) at pH 3 at room temperature

1
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TABLE 16: Effect of ionic strength at pH 3.0-on the rate of destruction

& 1

ff.PteGIu_ at 100°C

Ionic strength

lia.t:e constant

o

(hr-1) s Correlation coeéfficient
. 0.t 0.143 0.99%
o.1smwé;/; 0.148 -
0.20 - 0.149 g 0. 96 k%
‘ 0.40 ©0.185 : 0{97**

* Significant at 57 level

** Significant at 1% level

-~

S

~

AN

-y

B
Rate constants bracketed by the same line are not

statistica])y’d?ferer}t (p > 0.05)
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TABLE 17. ' Comparison of data obtained in the present study and literature values
Temperature Rate constant ~
pH System °c he-1 - Reference
2 -
L g N
3 Citrate buffer 100 0.145 . Present study
4 . . - .
4 _ ‘Citrate buffer . 100 0.074 Present study
\ “ B4
5 Citrate buffer 100 0.021 Present study
N . .
6 Citrate buffer ) N 100 0.015 Present study
3 A Ciﬁraté buffer - .100 0.071 Paine-Wilson and Chen (1979) .
4 Universal buffer, 100 0.031 " Paine-Wilson and Chen (1979)
5 Universal buffer . 100 0.01 Paine-Wilson and Chen (1979)
6 Universal buffer 100 0.006 Paine-Wilson ‘and Chen (1979)
L3.»a 0.05 M citrate/ ’ Room -
~— phosphaté buffer temperature 0.029 VO'Broin et al. (1975)
6 0.05 citrate/ ‘Room ,o
pho ‘hate“ buffer temperature 0.001 fd 0'Broin et al. (1975)
3.2 Multivitamio ~ % 2 » g
* preparation 50 - 0.004 Garret (1956) .
3.2 Multivitamin l -
preparation : 60" 0.001 | Garret (1956)
3.2 Multivitamin § o . )
~_ preparatioa . 70 0.002 Garret (1956) . '
o 4 - ¢
£ Y
. P .

s, b Diele s e Y4 s %
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{ T * 3 M \ -. /D/“//ﬂ ] a
: Garrett (195%) at pH 3.2 at temperatures of up to 70°C

. ~
* v

in these valies could;Pe’due to the different systems ﬂn which the

"destrtiction was taking place.

' “There is an apparent disagreement between the rate ¢onstants
. ' obtained at 100°C in this study.and those reported by P ine-Wilson® and

L --Chen (1979). The reasons for the differences are not khown, but if

[

e ‘t\; Sﬁthe values obtalned in the ptesent study are divided by|2.303, the
».0* A\
. — factor converting 10310 to lpge, excellent agreementgls‘obtalned. It
; might be that the data of Paine-Wilson and Chen (1979) are in,error by *
H : - v C
: . », this Eactbr, but it is impogsible to tell from the publ}shed information.
: ’ ‘I‘ (
i
~ The temperature depehdence of first order rate constants can be

»

de3cri§§d by the Arrhenius aet&vation energy (Glasstone,d1946) derived

-~ I

. . from plots such as shown in Figere 13. The activationlenergies (Ea)

. v
’ » ' ~T N ° i

wéré”obtaineé'from“the slopes of"the lines derived by'éimple linear

B gt v - g e At
®
-

Cam
o

.
R e

A ? ? » 5

', - regression. The sLope of Eﬁe line for pH 3 was 31gn1f%cant1y dlfferent

v ‘.from the élopf of the line fof pH 6 (p <§0 05). The remaxnlng $lopes
N { Y

.
were not different from each otHér. The Ea valyes,obt‘lned,are shown

o
@ .
z o " ,

N ! - Lﬁ-Figure‘lé. In spite of lack of significant differenées, gg: figure L‘

'

™~ -~ \ -

|
. 8 ows that the Ea values for thermal degradatlon offﬁSeGlu decreases

-

[P N
-

!
‘with pH in a regular mamner. ., .
i 5N T

i A‘ . s :
. " The decrease in Ea values with increasing pH could. be taken to

Al
1 v . b . P
' ey .- o { - N

) ¢ indicate that the mechagism-of thermal inacéivation,changes.with‘pH:
-\ S o ST - Lo
3 v N . - o 4 I ‘
. ( . Howéver, :he change 1in the mechanxsm must be a gradual transition since
. : ) thereéis no sharp break in the curve such as might be expected lf a’
oo T A . \-

X -~

S

~.

oatinn bR KT o

*:’E‘i:,‘:.\i:.:”'}"“"‘k =




-~ -
. " . - ~ -
.

® s+ g o f S GERBERT o T e
=~ s e a g e e e R
< i

{1

il - -
v - -
- f"\\‘

]

~ = -
% * !
”A ,
‘ LN K
.
¢
LY
-
H
1 N e v -
- ‘ — yr— ?i
, «5.0 - T Y T T 1 - o

i . ~ - 245 " 250 " 258 260 265 270 )
v - - ~ ; l .\ 103 . . ® . —
2 - y T(‘K) e ’(’;‘r" - . } :\

Figure 130 Arrhenius plet for thermal degradation of PteGlu in citrate buffex.
Correlation coefficients, 0.99 at pH 3, 0.99 at pH 4, 0.98 at pH 5 and 0.99 at plt 6. ure
. significant (p > 0.01). The slope of the line for pH 3 is dlfferém: from that of pll 6 - .
: (p € 0.05). The rest of the lines are not different. ) ; - -
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The Ea, values (kcal/mole) are 22.6 at-pH3, 19.6 at pH 4, 18.7 at pH 5

and 16.8 at pH 6. The only Ea values different are those at pH 3 and pH 6 (p S 0.05).
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sharf change in mechanism
demonsgtrated that tetrahyd
, pathways in air and both t

products depended‘on ithe p

The activation ene;
such as ascorbic aciﬂ and
w%}h the pH of the syséem
! The pattern wEth $hich the

pH is shown in Table 18.
; pH while jn the case of as

increasing pH to a minimum

"\‘ E

U

this study are comparable
. K

R -

of 108.9 to 138.9°C range

.

-

73

3
L

Archer and Reed (1980)

~

were observed.
tofolate undergoes a variety of degradation

he rate of reaction dnd nature of thg

H of the system. %
! ‘
gies for the destruction of other vitamins
7 " *

pantothenic acid have H%en shown to change
(Lee et al., 1977; Hamm and Lund, 1978).

Ea values of these vitaminsg changes with the

w“
v

For“pantothenic acid Ea values increase with

’
»

corbic acid the Ea values.decreasd with .

- < * 4
at pH 4.06 and then increase with increasing

*n

LAY .
. ° 4 . i
~ )

The Ea values obtained for thermal inactivation of PteGlu in

o ‘

- [ A » ) - i
to Ea values of other vitamins 1r similar
[} . -

N
Y

temperature range. The reported Ea values for thiamine at temperatures °

from 27 to 29 kcal/mole (Hammand Lund, 1978).

2

The only Ea value available in the literature for inactivation of PteGlu

is 16.8 kcal/mole reported

i

‘

. pfeparation at temperatures between 50 and 70°C. .

by Garret (1956) at pH 3.2 iR a multivitamin

-

L )
»
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- TABLE 18. Effect of pH on the activation energy (Ea) for thermal inactivation
of ascorbic acid and pantothenic, acid _
<& - T e
. N 14 i ‘: Ad
, Vitamin System pH Ea 7 Reference '
* 13 ’ é/
— ) A = . ; k
N Ascorbic acid Mmato juice 3.53 4.49  Lee et al. (1977)
L
e 3.78 4.02 -
- 4.06 3.30 -
! . S 4.36 4.85 )
i .o N ’
' 7 3 . - ! ’ —~
; © .. Pantothenic acid Phthaldte buffer 4 20 . Hamn and Lund (1978)
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+b. Thermal destruction of S-CH3-H4Pt'equ 4 iy / :
—’:b o - ' ) o .
%;tandard curve for 5-CH,-H PteGlu , : ‘ , ‘

Ay ‘
Figure 15 shows two standard curves obfained on two different

occasions. The figure shows that there is a variation between curves

>
v

obtained on different occasions, so a unique standard curve was run

]

with each assay as with PteGlu. ' ‘ . \

2. Destruction of 5-CH —H;Pte‘Glu in . ) N ‘é

citrate buffers !

i 4
The plot of the 1ogarithm'r5f per cent S—CH3-H4PbeG1u retained

versus time of heating at 100°C yielded straight lines (Figure 16).

Straight lines wer? also obtained at liO, 121 and 130°C. The linearity ‘\\“
of the cv:rve,s indicated E\hat the reaction of:: S—CH%;HaPteGlu degradation
in c'ftra;:e bu‘)f'fer CO’uld be describedwby ‘»f_}:[.tr\st orde?rea‘ction kinetics, . -
in agreement with Chen. and:gooper (1979). \.1 I _ . <
3. Effect of pH and éempeféture on thc; - A,

destruction of 5-CH,~H PteGin ' ‘

Table 19 shows the effect of pd on the rates of dqftructﬁ.a'n for
¢

e

S—CH3-H4PteGlu. At 109', 121 a:td 130°C thé rate c:\onstants at pH 5 vere not N/ N
Ja‘ignificantiy different frpm those at pH 6 (p ? 0705). This indiclates (\/ ' /}/ -
that' at lower pl; ivalues the rates of destruction are much faster compared ((\:{ i_.,‘ .
with high pH values. WMo dfta were collected for pH 3 and 4 at 130°%C = \ \E (
be‘cause destruction wds essentially complete with{n 2 minutes. The half . ?‘\ A

lives for the deggadation of ~S-CH3-H4PteG1u at’ 100°C obtained in this

=

study are in good:agreemedt with '}alﬁes repo‘rted in the literature ;
v s ,Q‘ r oy

' M .
(Table 20). Chen and Cooper (‘\\9\79) reported a half life of 2;45.4 nin
.} , P

i

- : ; ) \
. , ‘ ) ‘ . .
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- TABLE 19. Effect of temperature and pH on the rates” of destruction of 5- CH3 H4PteGIu
- < s in citrate bWffer 4 .
- , * - -
. Rates of destruction* (miq‘l)
-+ - bl 3
’ ~ 100°C 110°C 121°C, 130°C
T '”'" - 2 : v ° Aﬂ
- . . : . . " b
. d 3«0 0.243 (0.98) 0.448 (Qﬂ96) 0.927 (0.98) -
. 470 £ 0.192,(0.96) 0.318 (0.94) ©0.635 (0.97) 7 -
. 5.0, 0.110 (0.99)] € "0.215 (0.97) . 0.432 (0.98) 0.808 (0.94)
- 6.0 0.104 (Q.94) " 0.188 (0.98) 0.366 (0.93) 0.783 (0.96)
*Rate of‘désfruction = slope x 2.303 4 \\‘\ T
z < 7 / ~~
- X 3The” correlation coefficients (in parentﬁégis) are sig p = 0.01)
. . -~ b N

-
[ 3

No data é%llected

Rhte constants Bracketed by the same line are not sig
~the 5% level
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TABLE 20. The effect of EH on half lives for the destrigtion of 5—CH3—H4PteG1u
~ M . -
pH . Temperature System Half life _Referende
: . (min) ‘ ‘ <
. I — -
3 71007 citrate buffer 2.85 present study
. 5 N
6 100 citrate buffer 6.66 ) present study
3 100 universal %buffer 2.73 Paine-Wilson and Chen (1979)
6 100 - universal buffer 6.73 - Paine~-Wilson and Chen (1979)
7.3 7100 .phosphate buffer ¢ 6.40” 37 Ruddick et al. (1980) ~
7.0 _ 100 aqueous solution 21.4 Chen and Cooper (1979)
E- = ;
4 L.
- - \
. > » . * )
; s
»
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7
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in aqueous solution at pH 7.0, while Ruddick et’'al. (1980) reported a

N

"half 'life of 6.4 minutes in pﬁosphate buffer at pH 7.3. The difference *

between the twa values ¢itid be due to the effect of buffer jems. .
4 et

Thermal stabiligy of S-CH3—H4PteGlu has been shown to be affected by

buffer ions (Paine-Wilson and Chen, 1979; O'Broin‘et al., 1975).
- - Ty
\, ' 4 I !
The effect of temperature on the rates of destruction is shown

, 8 in Table 19.- The rates of destruction increased with temperature. In .

~
evaluating the depgndence of the rate constants on temperature, the -
v < * '

natural logarithm of the rate constant .was plotted versus the reciprocal

of the absolute temperature in Figure 17. Activation energies obtained

~

as described previously were 19.0, 17.0, 19.7 and 19.8 kcal/mole at

Y pH3, 4,5 é?d 6. The sloégg—zgzihe’lineq in Figure 17" are not ‘

N

significanttly differenf'(pQ? 0.05), indiqéting that £he activation

energies are not signiﬁicantly different: This suggests that the-

mechanism of destruction does not ch;nge over thepr range 3-6 in "
S L . -

contrast to P&eGlg. Ths Ea, values obtained-in this study are higher- Yo

than'values°;eported in"the literature. Ched énd Cooper (1979? .

repérted an éa value of 9.5 kcal/mole at temperatures raqging from

. 49.§§ 100°C. Ru%ﬁipk et al. 11980), working at the same temperature
3 4 )

P

: range reported an Ea value of 7.1 kcal/molé. The ,differences between

. 0 L ) ;

i «the values obtgined in the Present study 4nd the 1icé¥atu;e values \ ‘

| ; could be due to the difféfené tempeéahure rangeg employed sidce an.Ea 7

.w/ value of 9.58 rcallu§§fa (Table 26) vas obtained at pH 3.; over. the - R
(M) ) temperature range of SQ~7?°C. ' . - ' i«
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Figure 17. Arrhenius .plot for thermal degradation of 5~CH —Héﬁheclu in citrate
Correlation coefficients, 0.99 at pH 3, 0.97 at pH 4, 0.39 at pH 5 and 0.98

at pH 6 are significant (p = 0.01). The slopes of the lines are not different (p = 0.05).
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It was reported by thrabee et al. (1961) and confirmed by

Gupta® and Huennekens (1967) that when'S-CH3-H4PteGlu is shaken in air . \
, s o AR
or oxygen at pH 8.7 it is converted to the dihydro~compound S-CHB- :
/’

' HZPteGlu. This compound is not effective in supporting g}qyth of

* v

L. casea (Blakley, 1969). .
< 4 »

4. Effect of nitrogen atmosphere on

degradation of 5~CH3—H4PteGlu ‘ . . \ -

‘The preQEnCe of oxygen has been implicated as a possible factar

in the degradation of folates during heating. Ford’ et al. (1969),
‘o v_)

investigating the effeéects of UHT processing and éubsequent‘storage of

B L4

milk on folic acid contént, concluded that variation in the stability
4

- of folates was related direhﬁ%; to the presence qf oxygen in the milk,
. . .
the de-aeration.oé milk before processing effectively reducing the

vitamin loss. Chen and Cooper (1979) opserved‘that 5—CH3-H PteGlu was

4

v ~ 4 :
considerabl§ stabilized when heated at 100°C under a nitrogen atmosphere. *

The destruction rate curves for 5-CH34H4PteG1u at 100°C in -

citrate buffe; with limited oxygen are shofn in Figure 18. The cox=

[

relatjon coefficients obtained by applying first orggr reaction ;
equation to.the data (Taﬁle 21) were quite high so the degéadation

; 5 \ ) »
reactiyn for S-CH3-H4PteGlu could be described by first order reacti%n ’_ N

.

RN . ¢ 3

kinetics. Ve, . ~J ‘

* . ' - r N %

Table 22 shows ‘a comparisen of the rates of*destruction of :
5~CH3-H4PteGlu at 100°C in limited and unlimited oxygen. At all ’ 2

o N ' : : . 7

. «pH levels tested the rates.of destruction are lover in limited oxygen, ) °%
} . i , RS » . 2
= Lo » o “ﬁ
N . * “-I‘ %
v e A - ¥
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“Rate constants bracketed by the same line are not sig:;;:éagtly different (5% level)

L i e o et

/ ’ -
- - q )
s / . -
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- . ) . \
5 . i - 2. .
i ~ o - > 9:
TABLE 21. Effect of temperature and pH on rates of destruction of S—Cﬂé—BAPteGlu in citrate buffer
s with limited oxygen (1.7% of saturation level) ‘
/ T 5 N -
N = ~ N -
1. Rates of destruction * (min~1) X - N -
100°C ~ 7 110° 121°C £ 130°C 140°C .
, ‘;}_; - ¥ ) ) ) »
i ) - b y \,

3.0 0.106-(0.95)% - 0.133 (0.96) 0.215 (0.97) 0.420 (0,95). -

4.0 | 0.092.(0.96) |  0.128 (0.97) 0.180 (0.98) 0.313 (0.96) , . -
/5.0 0.072 (0.97) ~ 0.094 (0.95) 0.152 (0.95) 0.286 1(0.97) ' 0.359 (0.96) .
lk6.0 _01059 (0.97) 0.081 (0.98) | .0.137 (0.95) 0.223 (0.97) ~<;0. 2 (0.94) ¢

N : . ‘ I N

Y 7 B2 ; [

' . . . Mrip 7 .

" #Rate of destructl%n = slope x 2.30% ) e
aCofrélation coefficients (in Earénthesis) are signifig;nt (p=>-0.01) ’
b ™ .
No data collected
- : g (e

ER o
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oxygen at 100°C.. Correlation coefficients,
7 'and 0. 95 at, pH 3 are slgnlflcant (p;> 0. 01)
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1ndicat1ng ‘that 5~ CH3

content of the.system. This is in agreement with Chen. and’ Cooper L

PteGlu destryuction is related to the oxygeo

(1979), who reported tﬁat at pH 7 in aqueoys solutign, 5- CH3 HaPteGlu 1

lost little activity through one hour of heating at 100 C under
nitrogen. Ruddick et al. (1980) reported that the degradation’of

5= CH3 4PteGlu depended on the concentratlon of dissolved oxygen
.
\ :
Monitoring the amount of oxygen in the system during degradation of

. 3-CH —H PteGlu in limited oxygen at 20 c, they reported that. the amount

4
of oxygeu in the system decreased with time. i:éis was taken to indicate

“

that an oxidation reaction was taking place.

/

I 4

. The Ea values obtained for the degfadation of S-CH3—H4PteGlu in
iimited and unlimited oxygen are shown ,in Table 23. The Ea values,at
limited‘oxygen'were significantly lower (p < 0.05) then the values
obtained for the degradation in unlimited oxygen. " These values suggest
that the mechanism of the degradation reaction is not the same in the
two cases. The mechanism and products of degrédation t 5= CH3—H4PteGlu

in limited oxygen have not been identified yet so further speculation

on this point would be premature at this time.: .

B

In spite of the lack of statistical significance it is curious
thét'at pH)d.O, lower vdlues toan at‘any other oH oere obtainéd both
in limited and onlimited oxygen. ihe significance of this dip is not
knowo, and maybe more .accurate or orecise future work may discern a
significéot difference here. The activation energy of ascorbic acid

has been shown to decrease to a minimum at pH 4.06 and then increasing

with pH (Lee et al., 1977).

86 =




S e gy e

s TABLE' 23.

N
Actlvatlon energles for the degradatlon of S-CH
in unlimited and limited oxygen

’

3

- s

HaPteGlu

x
[

~Activation energy (kcal/‘molé)

Unlimited 09

-~

Limited 0y .
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13.6
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11.8
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Tocl. Des{ructioh of PteGlu and 5~CH_~H,PteGlu

3 4

in model food systems

Most workers repérfing‘kinetic data on vitamin destruction in |,
food systems have suggested that the data obtained from model systems

may not be .applicable to food systems. A good eiample is ascorbic

acid. 'In buffer systems the activation energy for destruction of

' .ascorbic acid varies from 18 to 22.4 kcal/mole (Huelin, 1953; Blaug

)
and Hajratwala; 1972), while in food s&ﬁtems the Ea varies from 3.3

N '

kcal/mole in Lomato juiée (Lee et al., 1977) to 45 kcal/mole in peas

(Labuza, 1972). 'Thiamine (Mulley et al., 1975) has also been shown to

be more stable in food systems than in model systems .

To study the destruction of’the two fo%mg’bf folic acid in food
systems the native Eglates must be removed from the food syétems. In
solid foods usually water’extraction is used to get rid of mative
folates (Herbert, 1963). « Use of heat in acid solﬁtion, irradia;ioq Qr
treatment with .sulfite has been tried as méans of removing folates from
natural sources such as liver extracts and tomato juice serug, but
chése,mgthods have beeﬁ shown not to be very effeﬁtive {Daniel and
Kline; 1947Y.- * Same ;dsbrbing agents ;uéh as activated 'charcoals have
been ‘shown to be effective in removing folic acid from ‘tomato ju;ce
‘(Daniel_and Kline, 1947) b#% thig cogl&'not\be used for 'this study:
becaﬁ;e the juice Pigméﬁts would aléglbe changed and/tﬁig was not
desired. Dowex . 1 i 8 (C1°) has been dsed to* remove folates Erom

' ‘ R
conjugase enzymes commonly used in standard procedures for assaying

!

* for folates- (Keagy et al., 1980; Sotiriadis, 1979).
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Using the procedure described earlier, it was possible to

, reduce the folate content in the tomato juice from 0.107 ug/ml to

0.01 pg/ml. This amount of folic acid left in the tomato juice was

l

cConsidered negligible compared with the amount of folic acid added
to the system. In apple juice it was possible to reduce the folic

acid concentration from 0.01 ug/ml to undetectable levels. The

o

possible reason the folic acid in apple juice could be reduced to

"

undetectable levels but not the tomato juice could be due to the
présence of different forms of folate in each system and also the

tomato juice containeéd approximately ten times more folic acid.

1. Destruction of PteGlu in apple juice
and tomato juice )

o “

The rate of destruction curves for PteGlu in apple juice and in

.

tomato juice is shown in Figure 19 and Figure 20. Tae correlatidn

3
>
ey

s,

.

copfficients at all temperatures tested ranged from U.92 to 0.98 for

the apple juice and from 0.89 to 0.98 in tomato juice. L%nearlty of
‘ . ‘ 1

these curves indicates that thermal degtruction of PteGlu\@n apple

juice and tomato'juice could be described by first order r%%ction

R

kinetic¢s.” The rate constants increased with temperature. .

{ ' .
The temperature dependence for PteGlu destruction wag further
¥

analyzed accerding to Arrhenius equation. Conformity of the tempera-

ture data to.the Arrhenius»equaiion js shown graphically~in Figure 21.
s ) ' 1
"The linearity of the plots supports the use of the Arrhenius equation

. for expressing the temperature depépdence of the reaction rate constants

>
¢

- for PteGlu in model food systems. | ’ L

. r
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Figure 19. Rate -of destruction curves for PteGlu in apple juice, pH 3.4.

Correlation coefficients, 0.97 at 100°C, 0.98 at 110°C, 0.96 at 121°C and 0.98 at

140°C are significant (p» 0.01). Correlation coefficient 0.92 at 130°C is

significant (p » 0.05).
different (p > 0.05).

The slopes of the lines at 100 and 110°C are not
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R Figure 20. Rate.of destruction curves for PteGlu in tomato juice pH 4.3.
Correlation coefficients, 0.96 at I00°C, 0.98 .at 110°C and 0.96 at 121°C are ;
significant (P > 0.01). Correlation coefficients, 0.89 at 130°C and 0.92 at 140°C-
- are significant (p > 0.05). The slopes of the lines at 1'00. and 110°C are not

significantly different (p > 0.05).
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Figure 21. Arrhenius plot for thermal degradation of PreGlu in tomato juice
and apple juice. The correlation coefficients, 0.98 in apple juice and 0.97 in
tomato juice are significant (p>-0.01). The slopes-+of the two lines are nat
different (p>> 0.05).
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The activation energies as calculated from the regression lines
cadNA ‘ ’
in Figure 21 were ZduO kcal/mole in apple juice and 19.7 kcal/mole 1n,

tomato juice. These two values are not 51gnif1cant%y different (P 2> 0.05),

which indicates that the mechanism of destruction in the two food systems

could be the same. The Ea values are also similar to the Ea values for

\
PteGlu destruction in bufifer systems at pH 3-4.

Comparing the rate coﬁstahts in the food systems with/those in
buffered systems at lOOOC indicates that the rate of destruction of PteGle
inlapple juice (pH 3.4) is significantly lower (p < 0.05) than the rates
of destruction_in citrate buffer at pH 3 (Tablelza). The¢s was also true
for the rest of the temperatures tested. At 100°C the balf life of PteGlu
in citrate buffer;at pH 3 was 4.78 hours while the half life in'apple |
juice pH 3.4 was 11.0 hours. At pH 4 in buffer system, the rate of des- .

truction is still higher although not statlsticall§ different (p 2 0:05)3‘

o

The rates of destruction for PteGlu in ;he apple juice have to'be ”
viewed with some caution hecause the canned apple juice contained

ascorbic acid added’during processing (35 mg/100 mli. Chen and Cooper
(1979) reported that ascorbic acid has a protective effect on folate
compounds bug then the proceéure u;ed iﬁ preparing the apple juice

sample probably was enough to destroy most of the ascorbic acid,
~present before spiking with folic acid. So ig can 5e stafed thgt the
stability of PteGlu is higher in apple juiqe than in buffered systems.
This indicates the existence of factors othe§ than heat and pH thatv

can modify the degradation reaction. Factors such as amino acids, B

‘proteins and starch have been reported to have a protective effect on

©
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[t , L - p R

1
% N . ) t 3

oo a ‘ ‘ , Rates

of destruction
System ’ . '

k wh
. 1

[
1 . . A B

Citrate buffer, pH 3

‘
'

" Apple juide{-pH‘3ﬂ4 L "

Citrate buffer, pH &

Tomato juice, pH 4.3. ’
- b B ' L ' < ™
Citrate buffer, pH 5 . ) , . g
' R — I
/ The data for pH 3, 4 and 5 were obtained im this study. They
are repeated here to facilitate comparison. ° '
] - - ’ N . ‘_
\. ’ ! ' LI ¢ \ H‘“ ' - »
. . RS . , N
. , , . - \’ I ) ’ o
-5 .
: . . ) J ' N
) . - T ' C ) ' i

. . - 0w
. : .
g \ :
. I'd ' ’
™
- N N 7 k3
4 ‘ r
'
oL '
. 1 . . N
’ v -
* ) \ v
- f , A ' .
.
.
N - - i

N .
. « -
, v - N - .
. . - - ' \ .
. N
' I ' ' . .
.
. . N - B
f
. . \ ~
' -
. - ' .
: by v ' N
. '
N N N . . X
. . .
“ ) . B
- - f
. y ? -
‘ -
i
b y -

'



a

N " 95

‘s
- © o,

. thiapine (McIntire and Frost, 1944). AccordingAto Smock and Neubert
(1950) canned apple juice contains very little amounts of protein

~ (0.1%) and no starch or amino acids; so such factors may not play an -

§ important role in stabilizing the PteGlu. Hence, further work is
”’/required to quantify the variation in kinetics 'as a function of other

s

f4ctors sich as product composition. I ' .
¢ . Lo ) . -
In tomato juice, pH 4.3, the rate of destruction of PteGlu was

’
o o '

. not éignificantly different from that at pH 4.0 in buffer systems, but

v

it was significantly lower than that at pH 5.0 in buffer systems\
(p< 0.05). This indicates that there is no difference between the

= tates of destruction, in the buffer system and in the tomato juice.
In the case of tomato juice data obtained from the buffer system could "

2

' be used to estimate destruction rates of PteGlu in tomato juice.

-
s

Comparing the gwd'systems‘at 100°C (Table Zﬁ), the' rate of
‘déstruction in hbple’juice‘at pH 3.4 ié not significaptly différegtuf .
Ifrom the rate of destruction in tomatoljuiqe, pH 4.3. This SuggESESA ‘
that in spite og the differences in composition‘of the two»systgps

(QOuld, 1974; Smock and_Neubert, 1950), PteGlu does not appear to -

°
r

- react with the food components. = ' ‘ ‘ - \\\\;n‘
5 - - ’ - ( ‘ ‘ - : ’ l ’

2. ‘Destruction of 5*CH34H4PteC1u_jL ' '
. apple juice and tomato juice , ' - ' o

' . ‘ I3 -
' The destruction rate curves for 5-CH3-H;PfeGlu in apple juice

and tomato juice are shown in Figures 22 and 23 resgpectively. The

( - ' high correkégipn’gggggigigngs (Tables 25 and 26) indicate that over - .

- - the temperature range studied the kinetics of 51CH3-H4PteG1u » .

- 1 ~
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S
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TABLE 25. Rates of destruction of 5-CH3-H4PteGlu in tomato juice, 7
5 . pH A:i;;}n@ in'citrate buffers, pH 4 and 5 o

S, | ~ |
.,“./? . - " v

g ) Rate constants k (min~l)’ Lo .
‘2 i System - - - ,

. 100°C 10°c .. 121°Cc e

e  Cifrate buffer 0.192"  ° 0.318 00.635, SR
- .. ' pH 4.0 ;

, . f
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N - »

BRI e o . . o - é P A ‘ I
C e Lo y L Wie o -
Tomato juice . 0.374 0.508 - 0.792. ~.-1.065
pH 4.3 . : T ) -

. , . Citrate buffer . Q.110
- s -pH 5.0 . , ‘

1

-
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. The rate constants in citrate buffers pH 4
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_TABLE 26. Rates of destruction of 5-CHq~H,PteGlu in buffer (pH 3.4) and apple juice (pH 3.4) (min 1)
; . .s0%¢ - ... 60°C o ' 70°c . . Ea (kcal/mole)b L
- Citrate buffer  '.  0.0148 (0.98)% 0.022 (0.96) 7. 0.036 (0.97) 9.58
- pH 3.4 ‘ - : . o -, L ~
- ’ J P i . P , .~' - - ' ’ . _ - ‘ - -~ a L 1 L.
Apple 'juice 0.123 ~(0.96) - . 0.193 (0795) '~ T 00249 (0.97) . 7.85 .
- pH 3.4 T . ' . - ' ) ' -
- . .,’ <€ v N ) . o . - B . . - )
e - S - %
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destruction in apple juice and tomato juice were consistent. with first
. . !
order kinetics. , Ty

~

- . r z’ . -
The destruction .of 5-9H3fHAPt€G1U in the apple juice could not ;o

be done at temperatures of 100°C and above because the destruction was ,

»
N

too fast to be measured by the present technique. Essentially 1007 .
: . . . - ! o
destruction occurred after 2 minptes. . ‘

In both apple juice. and temata juice: the rates of destruction

PteGlu increased over that obtained in comparable simple

]
s

of 5-CH3-H4

buffer systems (Tables 25 and 26).  The high rates of destruction could

be due to uﬁknown‘reactions between’ the 5~CH3-H4PteG16 and some of tbe

lcomponenté of the food systems which could have accelerated the

_ destruction of 5-CH,-H, PteGlu. Apple

378, juice contains fructose, glucose

r

.

~ and sucrose. .0n heating the apple juice one would expect the sugars

' '

to be degraded, and the degradatidﬁ,éas actualiy observed, especially’ - . N
. at high temperatures, by browning of the solutions. The high rates of
destruction in apple juice could then be due to reactions between the

v

dégradation products of the sugars and the S—CHafH4PteG1u. .

There might also be some reaction between thé NH2 group of the
5—CH3-H4PteG1u and the reducing suéars, but the rate of such reaction
would be expected to be very low since the system was quite acidic

-

‘:(Fennema, 19]6). Another reason could be that an important component
L. - ) s

in the food syétéﬁ which could have stabilized the S—CH3-H4PteG1ﬁ . o o
R ~ v \' ] .

thight have ‘been removed with the native folates during the Dowex

treatment. . More regeqrch is required on this subject to be able to .

- determine as to why the rates .of desEructiog were so ?iiyfkn the food )

‘systems. Co L o :
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(Figure 24) in ‘apple juice and citrate buffer were 7.85 and 9.58 ~ .

kcal/mole respectively. In tomato ‘juice the Ea value (Figure 25) was”
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Figure 25; Arrhenius plot for- thermal

degradation of 5-CH4-H,PtéGlu in tomato -

juice, pH 4.3. Correlation coefficient was 0.99 and was significant (p > 0.01).
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CHAPTER V

Thermal degradation of PteGlu and 5-CH,-H PteGlu in buffer

"‘éystems and modé’i food syétems‘couldy be described by first order

4
;

reaction kinetics. The rate corstants increased with temperature amd

the relationghip between rate constants and ‘temperature could be

[

descfibed by th’e Arrhenius equation.. Therefore, kineti¢ data for

~

thermal destructlon of both PteGlu and S-CH -HaPteGlu were. obtamed in

v
3

buffer and model Eood systems.

!

0§

The activation energy for thermal degradation of PreGlu in .

v N
' . 4

buffer systems decreased with increasing pH, ,mdlcatmg that the

5

mechanxsm of mactlvatlon may .be dlfferen) dependmg on pH.

- . v

LI

The stabilit‘y of 5-CH3 [‘PteGlu wa }mcreased in mtrogen ’ -

aﬁmosphere. This 1nd1cat:es that the degradation of 5\CH3—HnP€’eG1u C

i

at temperatures scudxed LS due to an ox:.datwe process requn‘mg nhe

" presence of oxygem

[ - [
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The stability of PteGlu was increased in the apple juice. This
suggests thev existence of factors other than heat aﬂd pﬁwi‘hich can
‘affect‘the stability of PteCflu. There -wsd no significant difference
between the rates of &estruction of PteGlu in buffer system and in
tomato' juicé, therefore the dhta obtained from buffer systems can be
used to estimate rates of destruction of PteGlu in tomato juice. .
Ther?' was no significant difference betwéen the destruction rates of
PteGlu in tomato juice and in apple juice, suggesting that PteGlu
/‘destrudtion rates were not affected by the different comporents of the .

tgro‘ systems. ‘ N

The rates of destruction o S-CHB—H PteGlu in f:hé model food

system were higher' compared with buffered s)stems but the activation
energieg were not. significantly; different, suggesting that the mechanism )
of destruction may not be significantly different.

\
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