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ABST~CT 
, \ 

M. Sc., A. P. MNKENI Food S~ience 

THERMAL DESTRUCTION OF EOLATE COMPOUNDS 
, ' 

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

the des truction of pteroylg1utamic acid CPteGlu) and 5-methylte tra-

/" hydropteroylglutamic acid (5-è'H
3
-H

4
PteGlu) were determined bet~een '100 

and 140°C in citrate liuffer (pH 3-6) a~_d iI]. model Eood-.systems. For 

bath compounds as pH increa.sed fram 3.0 to 6.0, tlfe rate constants 
~ -

decreased. As temperature increased the rate cons tants also increased. 

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

17.8 and 16.8 kcallmole at pH3, 4, 5 and 6 respectiv~ly. Ea values 

for 5-.CH3-H4PteGlu were 19.0, 11.0, 19.7 and 19.8 kca1/mole st pH J, 4, 

5 and 6 respective1y. When disso1ved QJcygen conte'nt was reduced ta 1.7i. . 
of the saturation level, the sta~ility of 5-CH

3
-H

4
PteGlu was- increased' 

su~stantially. Ea'values ranged from 13.6 kcsl/mole at pli.,) ta 13.~ 

kèa1/mole st pH 6.0. 

1 PteGlu was more stable in apple juice,(pH 3.4) th an in citrate 

bJfer. Ea values in apple' j uice, and tomato juice (pH ,4.3) were 20.0 
1 ~ " 

and 19.7 kcal/mole respectively. 5-CH37H4PteGlu was more stable in . , ) 

the buffer srstem than in the model food system • 
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RESUME 

A. P. MNKENI 
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DESTRU TION THERMIQUE DES COMPOSES DE L'ACIDE FOLIQUE 

On a déterminé les constantes de vitesse (k) d'ordre 1 de même 

que ,les énergies d'activation (Ea) pour l'lnactivation des acides 

ptéroyi glutamique (PteGlu) et 5-méthyltetrahydroptéroylglutamique 

Les analyses furent faites entre 100 et 140°C, dans , . 

un tampon citrate (pH 3-6) ainsi .que dans des systèmes "modèles" 

d'aliments. Pour chacun des acides une au~ntation du pH de 3 ~ 6 

correspond a.. une diminution des cons tantes de vitesse. Par contre, 

àvec une élévation de température, on note une augmentation des 

constantes de vitesse. Les Ea pour la destruction de PteGlu dans le 

tampon citrate furent respectivement de 22.6, 19.5, 17.8'et 16.8 

kcal/mole à pH 3, 4, 5 et 6. Les Ea pour 5-CH3-H4PteGlu furent 

respectivement de 19.0, 17~O, 19.7 et 19.8 kcal/mole à pH J. 4, 5 et 6. 

Une réduc tion du contenu d'oxygène dissous à 1.7i. de son ni veau de 

saturation augmente considérablement la stab~lité de 5-CH3-H4PteGlu. 

li • 
Les Ea varlè~ent entre 13.6 kcal/mole à'pH 3 et.D.3 kcal/mole à,PH 6. 

On a noté une plus grande stabilité de PteGlu dans le jus de 

pomme (pH 3 .. 4) que dans le çampon citrate. Les Ea dans le JUS de p~mme, 

et dans le jus de tomate (pH 4.3) furent respectivement de 20.0 et 19.7 

. 
~ kcal/mole. 5-CH3-H4PteGlu s'est avéré plus stable dans le tampon que 

dans le "sys tème- type Il d' alimen ts . 
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INTRODUCTION ( ) 
/' 

, 
...... \ 

-1 
,.., .' 

The term folic acid ,~~ presen,tly ?cc"ted to "'hàve two meanings. ,,,4"' 

Generally, it covers the whole'range of clos~ly related pteroic ac1'd 

co~ounds which inelude the monoglutamate, the polyglutamate forms and 
• 

the~r reduced or substituted analogues. Specifically, it describes the 
• 1 

non-reducing 'monog1~tamic ac~d, i.e., pteroylglutamic aCLd: 

~teroylglutamic acid is the basic structural unit in these 2~mpounds. 

According ta thé Commission on Biochemical Nomenclature (IUPAC-IUB 

Commission, 1966), the terms folie acid and fo'late May be used as 
\ 

general terms for any member of the family, and throughout this text 
/' 

the twa te,rtns are used interchal).geably. 
\ 

Investig~'tion of the distribution, of folG' aci~ ~~vatives in 
"-1 

nature haS only receIltly become'l\feasibl~ with ready synthesis of 

polyglutamate derivatives' 'and use of chromatographie procedures. Food' 
u 

materials of plant origin 5uch as cabbage, lettuce, and orange ju~ce 
" 

have been sho~ to con/tain folie acid in the form of polyglutamates 

l 

\ 

, l' 
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mainly as 5-methyl-derivatives (Stokstad et al., 1973; Stokstad et al., 

1977). The main derivatives in the living ma~lian cell are the 

5-methyl derivatives and 5-formyl aerivatives (O'Broin et al., 1977). 
1 

Folie acid i5 an important co-enzyme factor responsible for mucfi 

single carbon transfer and affects many ~etic b~ochemical, pathways. 

lt is involved in the formation of haem0'tlObln, production of purines 

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

of DNA. Folate deficiency in man appears ta be re1atively common amongst 

"\premature infan~s, preg~ant wome,n, alcoholic~ and in tro:ical spure 

patients (Malin, 1975). ~lthough the occurrence of deficiency i5 much 

higher in the econo~ca11y poorer peoples of the wor1d, it is also 

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

. 
reported megaloblastic haemopoiesi5 in the marrow of 25% of pre~ant 

women examined. The Nutrition Canada Survey reported folie acid 

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

In 1968, the National Research ~ouncil set the Recommended 

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

amount of folie acid in food providing these recommended levels is 

" 
variable because of uncertainty abou~ how much i~ destroyed in cooking 

A'" . 
and proqessing. Vande~~rk and Wright (1972) reported that less tnan 

/l 10% of pregnant' teenagers in the, 9SA were meeting 1/3 of' the RDA r s 

and in~nonpregnant teenagers less than 5% were meeting the RDA's. The 

data of Hoppner et al. (1977) suggest that it is diffieult for . 

adolescents and normal adults to obtain the recommended am~unts of 

folie acid from an average composite diet. Consequently. folie acid 

\ 

, 

~ 
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, 
enrich~nt has been recommended by the Natiohal Research Council 

Committee on Food Standards and Fortifiéation Pol,ic.y in the U.S.A. 

Before any.enrichment program is.ado~ted, the nu trient added shou1d be 

shown to be stable under custo~iy conditions or processing, storage 

and use. 

Seve~a1 workers have generated data on folate leve1s and per 

cent destruction in fpods given a certain heat treatment (Hoppner 
~ . 

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

" , 
quantita~ive description of the ~o~ses 1ike1y to occur under a variety 

• of conditions, and beside$ heat, -other factors have been shown to 

affect the stability of folates during processing. Among the factors 
. 

which have been reported are source of heat (Cooper e·t al., 1978), 

pH '(B1akley, 1969) and.chemical environment (O'Broin et al., 1975; 

Paine~Wil~on and Chen, 1979). The presence of oxygen has been reported 

as an important factor in degradation of folates during processing. 

Resi~~l oxygen .in '~ affe~ted significantly the stability of folacin 

during proce~sing and storage (RaIls and Porter, 1973; Ford et al., 

1969). 

There ls a general 1ack of quantitative data on the thermal ., 

degradation of folate compounds, (particuIar+y at temperatures ,above 

IOOoC, whiéh are temperatures commonly employed dUfing indus trial 

pasteurization and sterilization processes. Therefore, .it appears 

the~e is need for kinetic data for thermal des~ruction of folie acid. 

1 The purpose of this study was: 

1 

) 
) 

3 
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1. To obtain destruction data (Le.), rate of destruction k at a 

reference temperature and the activation energy) for 
'\. 

pte-roylg1utamic acid in buffer systems pH 3-6 at 100, 110, 121, 
t 

2. To ohtain destruction data for 5-methyl-tet~ahydrèfolate iri'the 
" 

presence a.nd absence of air in buffer sys tems pH 3-6 "B. t 100, 110, 

121, 130 and 140°C. 

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

tetrahydrofolate in model food systems. 

These two forms of folate compounds were chosen because 

5-methyl-tetrahydrofolate app~ars to be the major forro of folate found 

naturally in plant tissues and pter~ylgtutamic acid is like1y ta be 
. 

of ccnsiderable interest as a food",fortifying agent. 
~ , 

" 

, 
\, 

\ 
\ ", 

~ 
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CHAPT ER II 

, . 

LITERATURE 'REVUW 

, 
a. I~troduetion /, -

~ 
Fo'la1=e is the term applied to a broad spectrum of substances 

whieh give rise to folaein in the body. Folaein and Jolie acid are 

respeetively 'the more reeent and original terms used to'deseribe the 
l 

various forros of ~he vitamin. The nutritional signifieance of folie 

acid as a vitamin was first shown in the early 1930's'when Wills 

(1933) reported that autolyzed extracts of yeast or liver were 

effective in treating 'maerocytic anemia. During the same decade an' 

unidentifièd factor in yeast, alfalfa and wheat bran was shown to 

promote growth of ehicks maintained, on purified di~ts. Liver and 

1 

, ( 

spina~h were also fo~d to contain-essential nutrients for laetic acid 

" 
bacteria. The isolation of a relatively pure compound was done b~ 

Hutchings et al. (1?41) and Stokstad (1943). Its chemical structure 

was dete~ined by the identification of its degradation produets and 

the final proof of the structure of folie acid was obtailned by its 

ehemical,synthesis. 

5 

\\ 
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~~ / 
b. Role of folie acicl in metabolism 

Thé role of folates in metabolism ls associated with normal / 
'"'-..... 

hematopoiesis and with t9.e cataIys'is of chemical' reactions, purine and 

pyrimidine metaboÙsm leading to the synthesis of nucleic açids, . 

, 

particularly DNA (~enderson, 1969). As coenzymes, folates are involved 

• 
in the transfer of one-carb~n units such as methyl (-CH3), hydroxy-

methyl j-CH20H), formyl (-CHO) and formimino (-CH-NB) groups from one 
, 1 

compound to an~ther. They also function in the conversio~ 'of ethano-

lamilJ.e to cholesterol,' in the hydroxyl!ltion of phenylalanine to .. 
tyrosine, ,in the formation of porphyrin groups, in the serine-glycine . 

1 

. conversion,in the diffe~entiat10n. of embryonic nervous system, the ;. 
formation of active fornate and methi~nine. choline synthesis and in 

niacin metabolism (Kutsky, 1973). Folie acid, together with vitamin 

Bl2' plays an importa~t rdle in nucleoptotein synthesis. Balsted 
o 

(1975) suggested that the normal function of the small intestine may 
1 

be partia1ly regu~ted by dietary folates. 

c. Folate defieiencl 

Folate deficieney is probabJy the most prevalent'vitàmin 

deficieney in man. In Canada, U.S.A. and U.K., low folate levels have 

bee~ réported in association with ~ueh'conditions of nutritional stress 

a.~Tegnancy, infa~cy, alcoholism, and factors contributing to nutri-
1 

tionai stres8 weh as low family income and poor dietary habi.ts 

(Keagy et al., 1975j Cook, 1977). Coleman et al. (1975) 'reported fo1ate 

dafieteney in the majority of South African rural population eonsuming 

." 

J 

" 

\ 
\ 

Il " 
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predomioately maize diets. Fac~ors other than improper nutrition can 

precipitate folate deficiency. Ihugs such as oral contraceptives and 
, • 1 

antieonvulsants exert inhibito~' activity on the intestinal conjugases 
, / 

1 f 1 

resulting in, ~o~~fe-dèf~~iensy (Attaway and Hill, 1972). Aleohol 
" ') \ ,~ , 

, co~sumPtion. a~s~ciated with folate and other ,vitamin defici~ncy states, 

probably causes these problems beeause of aleoholic dietary deficiencies, 

nutrient malabsorption;~poor nutrient storage and liver damage, rather 

than stmple ingestion of aleohol. 

Folate deficiency disorders include various ,types of anemias: ) 
.' 

macroeytic, megaloblastic and perniciotls. Attaway and Hill U972) 

reported folate deficiency induced anemia ~o be second in frequeney to 

1 
Iron deficiency anemias. 

d. Reeommended dietary allowances 

o 

The Food and Nutrition Board of,the National Researth Couneil 

established the Reeommended D,ietary Allowanees (RDA' s) for folacin at: 

400 meg ,for adults, 800 meg for pregnant women. and 000 mGg for 
. 

tactating women. For children, the RDA'~ are: ' tao mcg for ages sevén 

ta ten year~. 200 meg for ages four ta six, 100 meg for ages one to 

three and 50 meg for infants. 

In Many parts of the world subopttmal nutrition i8 responsible 

for a high incidence of folate deficieney in the community, partieularly 

!;iuring periods of increased physiologieal demand sueh as pregnancy and 
f ' J 

lactation. Data of Hoppner et al. (1977) sugges~, that it is diffieult 
, 

for adolescents and normal adults ta ob tain these RDA's from an average 
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composi te diet. Consequently" folacin enrichment of cereal products 

has be~n recomménded by the National Research Council Committee on 

Food Standards and Fortificat~on Policy. Fo1acin enrichment of staple 

foods has been suggested in other countr,ies as well (Barker -et al., 

1974). Before any enrichment ~rogram is adopted, 'the nu~rient added 
... . 

sh9Uld be shown ta be stable ~nder customary conditions of processing, 

s tarage and use. 

e. Folate nomenclature 

According to the Commission on Biochemical Nomenclature 

(IUPAC-IUB Commission, 1966)~foliC acid and folate are used as 

general terms for any member of the family. 'Flgure l shows the 

parent compound which 1s pteroic acid. It~ salts and radicles are 
. 

named pteroates and pteroyl. The numbering of the atoms is as shown 

i.n Figure l (Blakley. 1969) and numbering of the 9th and ~lOtb atoms is 

necessary ta assist the naming of derivative~ of the vitamin. 

When pteroic acid is conjugat~d with one molecdle of L-glutamic 

acid UJ,e compound is called pteroylglutamic acid (Figure 3a) .. ,The 

compound formed when it 1s linked to two molecules of glutamic aCfd 1s 

called pteroyldiglutamic acid, etc. The Hnk between second and 

subsequent glutam1c acid molecules is through the y-carboxyl gr~o 
the amine group as shown in Figure 2. Names of reduced compounds are 

~(1)ded by "dihydro" ôr "tetrahydro" w1th numericals indi~ating the 

p091tio~of the hydrogen atom$ if th~se'are known. The common 
f 

substituents and their abbreviated formulae are shawn in Table ,1. 
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Figure 1 . Pteroic acid. 

~ ~H v 
1 ,.. 1 r' 

- NH-CH-CHrCHrCO-Mi-CH-CHrCk,-CO-NH_ 

Figure 2. Manner of 1inking glutamic acid residues in 
polyglutamyl forma"of folate. 
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Figure 3a. Pteroylglutamic aeid. 

,. 

C' 

r:igure 3b: " Pteroyltrigl~tamic acid. 

o 

Figure 3e. 7,8~dihydrbpteroylglu~amic acid. 
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Fig~re 3d. 5,6,7,8-tetrahydropteroylglutamic-acid, .. , 

Figure 3e. lO-formyl,5,6,7,8-tetrahydropteroylglutamic acid. 

•• 

"- ... --> 

Figure 3f. 5-methyftetrahydropteroylglutamic acid. 
-' 
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\ Figure 3g. 
. ) 

5,lO-meth~leneietrahydropteroy1g1utamic acid. 
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TABLE 1. Abbreviations of some f~liC acid compounds 

Folate compound 

Pteroic, ac1d or pteroate or 'pt,eroyl 

Pteroylglutamic ac1d " 
rj 

Pteroyldiglutamdc acid . 
> Dihyd~opteroylgl~tamic acid 

TetrahydropteroYlglutamic acid . 
lO-formylp~eroylglutamic acid ,. / 

, 

5-formyltetrahydropteroylglutamic acid 

5-methyltetrahydropteroylglutamic acid 

5-formiminotetrahydropteroylglutamic acid 
" 

5,lO-methenyltetrahydropteroylglutamic acid 
" • ,Ii 

5,10-methylenetetrahydropteroylglutamic 8cid ~ 
Jo ' l' 

• J 
/ ,,-

"" 
! 

1" 

.~ 

.1 

0 

1 

'-"~ 
/ 

~ 

" 
-\' 

li' 

L' 
<> 

, . 

-J 
/,~ 

f ~ 

13 

0 

, . 

.. 



", 

, 
.', 

1 
1 

\ 

" 

, 

1 

.. 

cl • 

J ~ 

1. , 

. 1 

'---

• 

\ " 
• 

The structures of some of these eompounds aré shown in Figures 3c~3h. 
J , 
The abbreviated formulae are the ones reeognized by the Commission on 

Biochemical Nomenclature . • 
o 

,1 

of. Properties' of folie acid and 
its derivatives 

, 1 

Many of the ehemiea1 and physiea1 properties of folie aeid are 

predictab1e frodi' the fact that it is a 6-alkylpterin. Like mose 

_,~~er~ns, fol~c acid 15 stable to al~li under anaerobie conditions, ~ut 

ai~line- hydrolysis under aerobic co~ditions e1eaves the sideehain to 

yi~ld p-aminobenzoylglutamie acid (p-ABG) and pterin-6-carpoxylie aeid 
\ 

(Stokstad et al., 1948). Interaetiôns of folie' aeid with sulfite and 
-.f 

nitrite whieh are chemicals involved in food processing has received' 
1 

• s~e attention. Treatment with sulphurous aeid leads ta the eleavage 
1 
1 

of! the side chain, with the liber~tion of a reduced pterin-6-carboxal-
i 

dehyde and p~ABG (BlakleYi 1969). Nitrou~ aeid feacts'in the cold with 
l "-

~1lie aèid to 

P~lyg1utamaFe 

give the lO-nitroso derivative (Cosulich et/al., 1949). 
,,-. t 

derivatives of folie ?cid (eonjugates) ar.e hydro1ysed,by 
. 

alkali under anaeroble conditions to yie1d folie acid and glutamie acid 
, 1 

! 

(Stokstad et al., 1948). Photodecomposition of folie acid solution by 

sunlight to yield p-ABG and an unidentified pterin was firs't reported 
o 0 ( \ 

• 1 
by Stokstad et al. (1947). The unidentified pterin was later found ta , . 

be pcerin-6-ea;Soxa1dehyde (Blak1ey, 1969). Exposure ta ultraviolet 

light results in rapid clea~a~e of tne molecule at the C9 _NID position 

to give a pteridine and a free aromatic amine. 
, 

, ' 

\ , 
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Folic aeid and many of~ts derivatives can easily be redueed by 

a variety of ,agents to the corresponding dihyd!;o or tetrahydro 
(, 

derivative. Reduction of foliè aeid in aeid solution, particularly if 

, . 9 10 
zinc is used as a catalyst, is followed by a split at the C -N bond. 

Wich platinum oxide as a cataly;>t in alkaline solution, f olic acid is 

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

solution it i5 further redticed to tetr:hydrofolic,aeid. 

• i 

The oxidative degradation of a few folate compounds has been 

studied under various conditions. Chippe1 and Scrimgeour (1970), 

studying the- oxidative degradation of H
4
PteGlu and H

2
PteGlu under 

anaerobie conditions at pH 5.6 using ferricyanide, reported chat the 
r 

produets were pterin, dihydroxanthopterin, folate and 6-form~ldihydro-

pterin. The pathway ob,served i5 shown in Figure 4. They suggested 

that the oxidation of tetrahydrofolate by ferricyanide oceurs via 

two-one electron step to' produee quinono{d-dihydrofolate (Figure 5). 

The uns table quinonoid dihydrôfolate then undergoes acid-eatalyzed 
< ~ 

breakdown to yield dihydropterin, p-ABG and formaldehyde. Blakley 

Z19S7), e~mining products of oxidation in air of both H2PteGlu and 
,,--~ 

H
4

PteGlu, found small amounts of folie aeid and large amounts of p-hBG, 
, 

but could only account fot' a sma}ll prop~rtiQn of' pteridin1~ 'as 
, / ' 

x~nthopterin. 6ri the other hand, ~At'cher and Reed (1980), studying the' . /\ 
oxida~ion of H4PteGlu in ~i~, reportea t~at 
seen as.product. The products of oxidation 

there"'wts no folie acid' ," 
,,- -

of tetrahydrofolate in air, 
1 

"1 as, identified by Archer and Reed (1980) J are shown in Table 2. 
" 

.' 
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/ T.trahydrofotat. 

o 
PI.rin 

H/'-~ 

~)~ 
o 

Dihydroxantho9terin 

+ 
"':O:~c.,-... 

Q H 

Dihydrofolate 

Fola •• 

H~f"Y~ 
H~N.J.~O 

o 
6- f:ormytdih ydropterin 

Figure 4. Summary of th'e pathways for degradat ion, of 
tetrahydrofolate and, 7, 8-dihydrofolate. 
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?uononolcl- dlhydrofolot. 
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.. :xX) ~ P-AmllIObenzOyt 
qlufcmote 
.. t1CHb 

" 7,8· Oth,drQpf,,,,, 

Figure 5. 
tetrahYdrofolate. 

Mechanism of formation of -dihydropterin from 
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TABLE 2. Yields Qf pterins in the oxidation, of H4PteGlu by air 1 

Product 
pH 4 pH 7 pH,lO 

8 hours 7 hours 4.5 hours 

6-formylpterin 18 57 78 

xanthépterin 3 8 11 

dihydropterins 30 16 3 

pterin 49 19 8 

1 - - .- -) 
Results ,expressed as a percentage of total pterins produced. 

Pterin was the major,-pteridine product at pH 4 but small amounts of 
!" 

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 

was 'formed at pH 4. These results indicate that the mechanism of , 

oxidation changes with pH. At pH 7 and 4, H4Pte~lu was dE;graded to 

" . p-ABG and pterin products, 90 under these conditions the vitamin 

a:ctivity will be completely lo!;t. 

The formation of t;>-formylpterin at pH 7 was explained by a 

" 
'<1Ilechanism involving electron abstraction at N10 position (Figure 6). 

The N
lO 

nitrenium ion formed by extraction of tw~ electrons loses a 

proton from C9 to yield the Schiff base. The Schiff b~se would then 

, ' 
hydrolyze to yield p-ABG and 6-formyltetrahydropterin. Further 

ox~dation would yield 6-formylpterin. At pH 10, 109s ~f proton from 

'3 N position in the pterin ring (Kallen and Jencks, 1966) facilitates 

electron abstraction from the ring. 

\ 
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Figure 6. Mechanism af formation of 6-formyltetrahydrop­
terin fram tetrahydrofolate. 
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Lewis and Rowe '(1978) reported that the oxidation by potassium 
.' 

. ' 9 10 
permanganate effectively cleaved the C -N bond of PteGlu, H2PteGlu, 

H4PteGlu and 5-CHO-H4PteGlu to yield p-ABG. 5-CHrH4PteGlu was 

oxidized ta S-CH
3
-H2Ptè'Glu. O'Broin et al. (1975) reported that at 

acidie pH the 10S5 of microbiologieal activity for 5-CH
3

-H
4
PteGlu 

during heating could be due to formation of an 'unrecognized putrition-
\ 

ally inactive derivative rather than the oxidative cleavage at the 

C9_N10 bond t'esulting in separation of the pteridine and "p-aminobenzayl 

ring; The 5-CHr H2PteGlu has been found not effective in supporting 

the growth of L. ~ (Blakley, 1969).-" 

.' -

g. Methods of assaying for fo1ates 

Folate activity evaluation has required the development qf bath 

chemical and biologieai assay methods. - In general, pure or pharma-

ceutieal preparations conta in sufficient folate to allow chemical 

assay; hawever. in biologieal materials having falate leveis in the 
t 

raJlge of 100 j1g/1O"0 g ~e~ial, ehemieal methods are unsuitable because 

of the law levels and interference from the complex chemica1 matrix of , 

the biologieal material. In this latter case, fluorometric or more 

usually mierabiological a,ssays are employed. Reeently the chromato-

1 
graph~1'technique of 

attemKed. 

/ 

high' pressure liquid thromatography has b~en 

f 

) , 
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1;' Che~C.l j .. thOàs 

The c1eavage of pteroylglutamic acid (PteGluj ta produce 

p-aminobenzoic acid or other related moieties 15 the basis of several 
(\ . 

chemical me'thods "ta determine folic\ acid .. They are used extensi ve1y 

to Assay high )potency pharmaceut1cal products. Reduction with , 

titanous chloride, zine or tinc amalgam forma p-aminobenzoyl glutamdc , 

acid. Oxidation with permanganate 1iberates p-aminobenzoic acid. 
, , "-

D ') 

Ei ther s'Pecies is then .diazotized '.li th ni trous acid and coup led wi th 
l 

naphthyl-ethylened1amine and then the absorbance of the intensely 

coloured compound formed 15 determined.,J This method is ÙItsuitab1e for 

natural materials since results are not dependable at low concentrations 
,,/ 

~ 

of fellic ac1d (Blakl~Y;. ,1969). Also. the determination 15 not specifie 

20 

as the' coloux 15 formed Dy aIl aminès and consequently can~ot be 

recommended for biologicsl, materials' tKuobloek and Ce.rna-Heyrovska. 1979). 

2. Chromaj:ographlc methods 

r The multiplicit.y of natuz;allY oc7urring chemical forms of 

folates and the lack of technology to measure these foI'lllS individually 

stimulated' the app~icat1on of chromatographie methods. ÇoltJJim, paper 

and, thin . layer c:hromatography have been used extensive1y for the 

,separation and quantitative determination of folie acid derivatives. 

Thes~ time-eonsuming methods involve careful extraction fro~ biologieal 

material at a suitable temperature in the presence of ascorb4te to 

protect labile r.duced detivatives (Noronha and Silv4tman, 1962)~ The 

extract 1s then fractionated on a column of DEAE-cellulose, elution 
l' 

1 

, ~ 
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being ef~ected by 'phosphate buffer which contains mercaPtoethanol~or 

ascorbate (Silverman et al., 1961). The e1uate is col1ected in 

fractions which are then assayed by microb~ological methods. Recently 

high pressure liquid ehromatography (HPLC) has been used to identify ~ 

'. \ 
naturaIIy occurring folates. Although this technique has been shown tO" 

be sensitive and reproducible for routine analysis of natural1y occur-

ring folates (Oliffotd and Clifford, 1977), there ar~ some difficulties 

of short column life, pH ,sensitivity and Iengthy column regeneration 
Il 

times. 

3. Fluorometric methods 

All~rey et al. '(1949) developed a method of analysis whereby 

alkaline permanganate was utilized to oxidize folates to produce the 

8t~ongly-fluorescen~ 2-amino-4-hydroxypteridine-6-carboxylic a~id. The 

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

of wavelengtp 365 nm is directly' proportional to folate concentration. 

Various pigments may interfere, and are removed by chromatographie 

absorpt~on. Duggan et al. (1957) reRorted that folate concentrations as 

low as 10 ~g/mi may be-asssyed by their method. Kavanagh (1963) 
';l(, 

repo~ted that high concentrations of tyrosine or tryptophan may give 

erroneously high results. 
o l 

. On'the other hand, Rouseff (1979), using.liquid ehromatograPhY 
r 

and fluorescence detector, reported that folie aeid does not fluoresce. 

Based on their findings, they suggested that fluorescence cannot be 

u,sed directly to measure amounts of folie acid, but can be used to 

'. measure the amounts of oxidized folie acid. 

21 
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4. Enzymatic methods 
» 

Various enzymatie methods for the determination of folate 

compounds have been sugg'ested by Jaenicke (1971). These methods are 

applied when identification of folate derivatives i5 sought. These 

méthods are more specifie than chemic~l,methods and are quicker th~n 

microbio1ogica1 assays. The enzymes used are those which cat~lyze 

the interconversion of folate derivatlves such as tetrahydrofo1ate 

formylase or methylenete~rahydrofolate hydrogenase used in determina-

tion of H4PteGlu • 

. 
5. Animal methods 

"., , 
Chick assay methods of O'Oell and Hogan (1943) have beert used to . 

assay folates . 
;, . 

Rats have also been uged for the estimation of folate 
. 

content in biological materials. Thé main disadvantage of animal 

assays Is that they are expensive and time consumi~g. They are not 

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

chey can provide a comprehensive asse9sment of the nutritional value 

of a food as a source of folate. 

6. Radioassay m~thods 

The radioassay technique has been well described by Mincey et al. 

'(1973). This method i9 faster, simpler and more accurate than micro-

biologieal Dl.ethod (Ruddiek et al., 1978). The disadvantage is that it l 
" ,. 

18 only suitable for measuring singular for~ of folate u~ing standard 

curves eonstructed fram ?ata obtained using the same folate. Alsa, the 

method requ1res expensive instrumentation. 
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7. Microbiologieal methods 

The growth' promoting effect of folate derivatives for varioqs 

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

bacteria have been used extensively for the Assay of folate derivatives 

in' natural materials. Three organisms-, have been eommanly employed: 

Lactobacillus ~, Streptococcus faecalis and Pediococcus cerevisiae. 
III , , 

These organistns do not respond in ~he same manner to the different 

forms of the vitamin. Cooperman (1967) emphasized that the cho:lce ,of 

"'-
microorganism for any Assay must take into consideration the type of 

folates lik~üy to be present in the sample. 

L. ~ generaÏly 'gives the highest results in assays aM has 

thus been extensively used. It w;lll respond to the mono, d1 and " 
o ________ -

triglutama:e foms of folie atid and -t'o the'-reduced analogues. Herbert 

and Bertino (1967) pointed qut that.2,. faecaUs also grows well i~ the 

pres~nce of pteroie acid and the failure to recognize 'this can lead to 
~ 

erroneously high results for folates in a food, sinee pteroic ac:l:d 1s 

metabolica11y inactive for man. Also,.§.. faeca11s does not respond to 
--

. methyl folate which 1s utl1ized by man. !. cerevisiae responds only 

to tetrahydroforms of folie acid. . ~ 

...... . , 
f ' 

Table 3 sUmmarizes the usual 

response of the three orga~sms to the more commonly occ:-uning folates. 

Folates often predominat~ in nat,re as polyglutamate conjugates 
, Ji 

(Dong and Dace, 1973).. 'The organisms cO!llnonly used to determine 
'" 

folate der1vatives are not capable of re,sponding to those der1vatives 

in ,wh1eh more than two glutamic ac1;d residues are Unked to folie 

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

f 
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TABLE 3. Relative activities of various rolates as growth factors for 
3 microorganisms 

P. cetev,isiae S. faecalis L. casei . 

Reduced Pt~Glu derivatives + + + 
except S-CH3H4 Pt eGlu 

PteGlu 1 + + 
PteGluZ + + 
PteGlu3, + + 

+ 5-CHrH4 PteGlu ( P~eroic acid 

Blakley (1969) .. 

glutamate moieties if these compounds are ta be estimated micro-

biologically. Two enzymes termed conjugase are commonly used, namely 

carboxypeptidase found widely in nature, especially in hog kidney and 

rat liver; and y-glutamic acid carboxypeptidase which 1s fsolated fTom 
, 

chicken pancrease. Hog kidney conjugase has a pH optimum at 4.0 to 

4.5 (Bird et al., 1946) and the optimum temperature "for its action is j( 

,f"," 45-4SoC. It degrades heptaglutama;e ta monoglutamate. Chickèn 

pancrease enzyme has a pH optimum at p'~J 7.8 and a temperature optimum 

. at about 32°C. , lt degrades heptaglutamate to diglutamate. Hog kidney 

conjugase is more difficult to isolate (therefore expensive) than 
o 

chicken pancrease, 50 in ~ost cases chicken pancrease i5 commonly u5ed. 

\ 

În the folate literature the terms free and total folate are 
~ 

used quice ofcen. Free folie acid represents the aetivity of .h. ~ 

\..{>rior ta eonjugase t*atment. Totar folate represents the activity . 
... 
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N 
present after conjugase treatment. Substracting the free folie aeid 

activity from the total felie acid aetivity, Qne'obtains the eonjugated 

folie acid activity. 

Toennies et al. (1956) r~ported that ascorbic acid,' when added ,to 

the extraction solvent, pr~vented the destruction of hea,t labile reduced 
, 1 

..... ~, 

forms of f,olic acid. Herbert (1961) confirmed that ascorbic acid was 

needed to protect the reduced folates 'during the a~say'of folates. 

r 
P'resently. the accepted procedure for folaciril."assay i5 ,the 

L. ~ assay.· The AOAC (1980), ho~ever, still recommends i. faecalis 

as the appropriate microorganism. Th±s has resulted, in sorne confusion 
v 

in the,literature. Th~ major'advantage of the 1. ~ assay is its 

'" se~itivity to aIL folates whieh exhibit vitamin acti}ity. There are no 
,. 

complicated extractions and separations reguired. While con~iderable 

time is required. it is nct as time consuming as some of the ather 

teèhniques. 

• h. Natural occurrence of folatès 

The distribu~on of folates in naturé is variable to a great \ 

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

with regara to the identity and proportion of polyglutamates (Blakley, 

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

folates due to tn.'lability of many of thf-. C:mp~dS.~ particularly 

the reduced derivatives. In the past there has been confusion 
f ,\ 1 

concerning the natural occurrence of folates due to the lack of 

1 
specificity of the miérobiological 'asss1 procedures commonly emplQyed 

25 
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in attempts to identify and est1mate various---folate compoutes, 

coupled with the fact that none of the test microorganisms responds . 
directly to the folate deri~at1ves which are now knçwn to 'occur 1n 

j""'---

(1 
largest amounts. Paper chromatography readi1y permits the separation 

\ 

of the fo1ates which are present in extr~ts of bio!ogical materials 

--Dut, again, the prob1em here 1s that many components usua1Iy resemble 

each other very closely in chemical properties, all being highly polar, 

polybas;c acids (B1akley, 1'96-9). 

More recent1y, D~E chro~tography (Santini et al., 1964) and 

~~ high perf6rmance liquid chromatography (Cliffo:d and Clifford, 1977) 

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

T\~le 4 shows the percentage of different forme of folates found in a 

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

folate activity in orange, grapefruit, lemonade and grape jui~e was 

methy1 fo1ate. Organ Meats have been reported to'be rieh in fo+ates; 
" 

for example, pork 1iver containe 144.3 ~g folie acid pet 100 g (~lin, 
\ 

i975), but the amounts of different folate derivatives have not been 
1 

identified yet. The main-- type of folate derivative in chicken liv~r 

was found to be 5-CH3-a4PteGlu (Noronha and Silverman, 19~2). Other 
\ 

d~riva tives f'ound were' 5-CHO-H4PteGlu and lO-CBO-H4PteG1u. In human ' 
4 0 

milk the main folate fOrIn was found' to be 5-CH3-'!l4PteGlu (Blakley, 

1966) • 

Clifford and Clifford (1977), using high performance 1iquid 

chromatography, showed that the ooly folate in apple juice was 
. , 

5-CH3-HqPteGlu. Folate profiles of a1monds, wheat germ and raw peanuts 
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TABLE 4., Distribution of. fol~tes'in foods 

Folate forDIS ' , Reference 
.~ 

51.7% 5'-CB3-H4PteGlu7 , 
Sto~'stad et al. .;31. 7k 5-CB3-H4PteG11l6 

\ 

\ (1977) 
7.4% S-CB3-H4PteG1uB 

';, ~ 

3.0; S-CBO-H4PteG1u7 
n 

40-50% S-CB3r H4PteGlu5 

15~30% S-CB3-H4PteG1u2 " 
0-40% 5-CH3:'B4PteG1u " ' 

5-CB3-Ht.PteGlu 

2-3% -CHO-H4PteGlu " 
1-2% l~ BO-H4PteGlu 

, 

34% teGluS Chan et al. 
33% S-CH3-H4Pt lu 

(1973) , 

,22% S-CÏi,3-H4Pt ~Gl 
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showed that the 'predominant folates in these foods were S-CH3-R4PteG1u 

This 1imited data would suggest thit the major form of 
c, 

folates occurring naturally is 5-CH3-B4PteG1u(n)' 

L Kinetics o'f vitamin destruction 
o 

" 'Man~ investigators have shawn how thermal processing inactivates 

" 
nutri~nts (Bender, 1966; Lund, 1975). A1thongh evidence would indicate 

" . 
that vitamins are very heat sensitive, few studies have been done to 

, 
determine the kinetic parameters wh1ch describe reaction rate (k) and . , -

its dependence on temperature (Arrhenius activation energy, Ea). 

) 
Sever~l mathematical procedures have been deve10ped to aid in 

'1 the predictio~ of ,nutrient retention in" thermal processing ~Bal1 and 

01son, 1957; Hayakawa, 1969). Fortunately, a majority of reactions 

occurring in foods "can be described by well established kinetic "-

, equations. The thermal destruction of microorganisms, most nutrients, 

quality factors such as colour and flavour, and enzymes ge_nerally can 

be de~cribed by first order reaction kinetics. Expressing the first 

. ----,--order response mathematically gives 

where 
t 

~ . 

-de 
- • ke dt 

-de 
dt 

e 

k 

i5 the ;ate at which concentration decreases 

i8 théConcentration of Olitr,ient 

is the first order reaction~rate constant. 

o .-
• • • (1) 

; 
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Integ~at1Og equation \l~ between limits Co~at time t l • 0 and 

C at ttme ~ results in 

C t 

- f de - k f dt 
Co C tl 

, 

- Ine + Ine' • k(t -'tl) 
0" l , 

or 

. 'kt 
log C • log Co - 2:353, 

kt • ~.303 log Co 
C 

\ 

., 

- ~, 

.E~~tion (2) 1s the kinetic equatibn for a reaction of the first or 

A plot of tpe log of the çoncentration rati~ 

versus time (Figure 7) 1s a stra.:1.ght Une of 

(or per cent retained) 

-k 
slope .:r:3ô3 ' thus 

permitting determination of the rate constant. 

The slope of the 1ine can a1so be expressed in terms of a D 

value. A D value 1s defined as th}- time required to destroy 90% of 

(2) 

r. 

the nutrient originally pr~sent or the time required for the curve to 

t~averse one log cycle (Figure 7). 
" 

log a - log b 
D • -1 

D 

-k 
Since the slope 15 al,so t,~303 1 th~n 

or 

-k 
2.303 

"--

D • 

} 

-1 .. 
D 

'2.303 --r 

\ 

. . . (3) 
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Many actua1 methods of process ca1culations utilize kinetic data in the 

form of a D value, which can be telated ta lst order rate constant as 

shown in equation ,(3) . • 
j. Effect of temp~rature on reaction rate 

The rates of most chemical reactions increase as temperature 

increases. As a general and very approxima te rule it' i8 often stated 

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) t~e Arrhénius equation 
\ 

and (2) thermal destruction time curves (Lund, 1975). 1 The dep~ndence 
IJ 

of reaction rate constants on temperature as described by the 

Arrhenius equation i5: ! 

k '" 
-Ea/RT e. . .. (4) 

where 

k ~ ~eaction rate constant 

e = constant . . 
Ea - activation energy 

R· gas constant 

T· absolute temperature 

The~ activation energy i8 the energl required to get the moleculeS-.;lntb 

active state. lt may be det~rmined by taking logarithms of both sides 

of equation (4). 1 

\ i t 

ln k • -Ea/RT 

\ 

.~ 
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Therefore, a plot of ~n k versus 

Ea 

1 T ls a straight ~ine of slope 

- R: • and 'Y'intercept • ln e. ) 

trom D vaiues ribtained at diff er,ent temperatures, it 0 ls possible 

X to detive a thermal destruction time ('rDT) cuneo . A curve of this tyPe 

Whlch i8 obtained by plottlng the log of D values against corresponding 

temperatures defines the thermal destruction characteristics at given 

temperature as well as the sensitivity of the mater1al to changes in 

'" temperature (Figure 8). The term Z employed in process ç~1culation 

methods to account for the rel:t~ve resistance of nutrients to 

dlfferent temperatures 18 ~qua1 numerlcally to thé number of deg;ees 

Fahrenheit required for the TDT curve te traverse one log cycle. 

log D2 - log" Dl 
Z 

-1 . -
Z 

Since the slope of the TDTe curve (-l/Z) ls used to char'acterize the 
1 

depend~nce of the reaction'rate constant on temperatuye lt ts related to 

Ea. ReactionS that ~ smalf Z values are. highly temperature dependent, 

whereas reactions wi" large Z val'ue8 :~e.less influenced by temperaturè. 

k. Kinetic parameters of some vitamine 
j 

, , 

Although many authors bave reported the perFentage 1088 of 

nutrients in food product that was given a particular heat or cooking . , 

treatment, tl);l.s kind of data i8 not compl,ete enough to allow estimation 

of the kinetle parameters that can be used to calculate the response of , 
putrient to heat treatment (Lund, 1975).. Among the vitamins kinetic' 

. 
data are ava1lable for thiamine, ascorbic ae1d (Labu~a, 1972), 

" 

32 

( 



; 
l 
f 
1 -
1 • .. 

1 . , 
1 -
l 
f 
1· . 

1 
< <-

1 

'. 

l , \ 

,---

~ 

3 

lJlG OF 
/0 VALUES 

l' 

Dl 2 

--
D2 '1 

l 

" 
~, -~~ ... ---

• 

/ 

~ 

l' 
lOG Dt-lOG 02 =1.0 

; 

/ 

f 

lEMPEAATUAE (OF) 

Figure 8. Thermal destruction time curve .. 
.. . 

'.-

! ,-
i 

/' 

/ 

"p~-,..-..~--­

r 

.. 
• 

1 

.. 

.. 

'-

~ 

w 
w 

4 

/ 



( . 

l , 

) 

l 

r 
} pantothenie acid (~ and Lund, 1978) and folie ~(Chen and Cooper, 

. 
1979). For these vitamins that havè peen studied most of the work has , 

bee~.limited to very few foodstuffs and to model systemS. 

Thiamine is probably' the most heat sensitive of the B vitamins, 
... , ____ --.r7'" t 

especially in nonaeid foods. Farrer (1955) made an extensive review of 

thiamine stabilit~ in foods for aIl work up to that time. He showed 

that in almost all cases the loss of thiamine due to heating coul4 be 

predicted by first orde~ reaction kinetics. He showed that thiamine 

109s ia affected by the form of the mo1ecul~, i.e., free thiamine, 

thiamin~' incorporated ta ènzyme and protein-bouod th~ine. The latter 

'is the most stable, while the enzyme form has tne least stability. As 

pH increased, the rate of destruction increased. 
( 

Table 5 shows the 

,destruction rate éonstants as calculated by Farrer (1955). Mu11ey et 
, 

al. (1975) obsetved that-when the pH of the phosphate buffer exceeded 
, 

6.0-the stability of the thiamine molecule dropped suddenly (Table 6) • 

• 
This 1s in agr~emen~ with Feliciotti and Esselen (1957), who observed 

that the most pronounced change in reaction rate occurred between 

. pH 6.0 and 6.5. 

Fe1iciott1 (1955) hypothesized that the pH of the phosppate • 

buffer influence's the thiamine mo1ecule by neutralization of the - . 
-, 

hydrochloride. The ac;tivation energy for the breakdoWn of the thiamine 

molecule in phosphate buffer 'was 29.4 kcal/mole (Mulley et al., 1975). 

Feli~iotti and Esselen (1957) reported a value of 28.8 k cal/mole. 

... 

1 
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TABLE 5. ,Thiamine des truc.t ion rates in phosphate buffer at 100°C 

pH Rate constants (min-1) 

3 0.0008 

5 0.0015 

7 0.0160 

" 8 0.14 
" 

Data from Labuza (1972) 

TABLE 6. Thiamine de~tructiop rates in'phosphate buf~er at 129.4°C 

pH Rate constant (min-1 ) 

4.5 r 0.0'260 

5.0 0.0236 

5.5 0.0358 

6.0 0.0831 

6.5 0.1985 

~Data from M~lley et al. (1975) 
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, 

1- . Thiamine is more heat r~sistant in natural f-00qS than in aqueous 1 
and buffered solutions. As shown in Table 7, in a food system with pK 0 

. .." 
6.18 (pork or lamb) the rates of destruction are mueh 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 rateè of destruction are different. For example, Lamb 
--------/ 

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

different. This May be taken tp su~gest that the hydroge~on 

coneeniration is not the only factor fnvolved. Mclntire and Frost 

(1944 r showed that ct and S amino ac1ds\ and some ot their der1.vatives 

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

known to protect thiamine ev en, thoug~ the\protective .mech.anism, 
\ 

involved has not been complete1y elucidate~ (Mulley et 'al., 1975). 
\ 

Adsorption upon starch in foods May also play an important role in. 
) 

e~using the -retention of thiamine during heating. A~tivation energy of 

thiami~e _~ food systems i5 shawn in Table 7. The values are the sarne 

as those reported for buffer systems. This sugg~sts that the mechanism 

of destruct'Ïon in food and buffer system may be the same. 

Very little work has been done in terms of providing kinetic 

dàta for the different'derivatives of folie acid. Garret (1956) 

studied degradation of PteGlu in a liquid mu1tivitamin preparatiort at 

.pH 3.2 in the tempe~ature range of SO-70°C. He reported that the 

thermal degradation was initJally pseudo zero order and subsequently 

first arder. 

tempetature. 

The extent of ,the former increased with decreasing 

The first order rate co~tants,and Ea obtain~d by Garret 

~ 
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TABL.E 7. Rates of destruction ot thiamine in food systems -
-, ~ 

1 

Rates of destruction (min-~ 
.6 

Author Food system 
108.9°C 118_. 9°C 128.9°C 138.9°C 

'FeHciotti and carrots (pH 6.13) , 0.0049 0.0120 0.0285 0.0711 
Esselen (1957) 

green,bean~ 0.0049 0.0122 0.0311 0.07.17 
~ p~as (pH 6.75) 0.0051 0.0114 0.0276 0.0708 

spiilach (pH 6.70). (0.0067 0.0143 0.0336 0.0825 

beef heart (pH 6.10) 0.0068 0.0157 0.0392 0.0461 

beef liver (pli 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. Ooc 126.6°C 132.ZoC 

Mulley 'et al. pea puree 0.0093 0.0116 0.0221 
(1975) 

beef puree 0.0091 0.OU4 0.0251 

peas in brine puree D.OI02 0.0158 0.0303 

--~ 

ft 

fJ" 

~ 

Il 

Activation 
energy 

k cal/mole 

27.0 

27.5 

27.4 

27~0 

, e-t 
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Folate 
derivatlve 

PteGlu r 

5-CH3-H4PteGlu 

~ 
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TABLt 8. Kinetic pa~ameters for PteGlu and 5-CH3~H4PteGlu 

Sy~tem 

MultivUamin 
preparation 

Aqueous 
solution 

<" 

" 

pH 

3.2 

7.0 

Tem'perature 
Oc 

50 

60 

70 

49 

65 

78 
, r 

100 

:~ 

!t_ 

Rate 
Ea 

constants 
(hr-l ) k cal/mole 

0.0004 16.8 

0.0010 

0.mr20 

0.0043 9.5 

0.0085 

0.0145 

0.0323 
~ -

\ \ 

- -~-

-
~ 

v' 

-~ 

Reference 

Garret (1956) 

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

destruction of 5-CH3-H4PteGlu could be described by ~irst ,order 

kin~tics and the, rates of destruction obtained at pH, 7 are shown in 

Table 8.' For both PteGlu and 5-CH3-H4PteGl~ the rate constants 

increased with temperature. The,Ea for.5-CH3-H4P~éGlu 1s lower than 

that of PteGl~, indicating that thermal degradation of PteGlu 15 moré , 
te~perature dependent than the thermal degradatio~ of S-CH3-H4-PteGlu. ' 

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

eff~ct of pH and buffer ions on the thermal stability of folate 

derivat~~es.· Their results show that buff~o~s have no effect'on the 
A ~ 

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

-
Dick et al. (1948), who reported that the destruction of PteGlu 1s 

dependent on pH only and does not 4epend on bu~fer'ions. The thermal 

stabi11ty of 5-GH3-H4PteG1u i8 affected by buffer ions. O~Broin et al. 
A 

(1975) found variation in rate of, destruction of, 5-CH3-H4PteGlu ,as a 

functio~ :~f buffer ions. The effect of pH on t'WO folate compounds 

18 shown in Figu~e 9. For .5-CH3-H4PteGlu, the greatest stabi~ity was 
- . 

displayed at. pH 7, while the stabil1ty of H4PteGlu decreased as the 

pH increased. 

, 
Ascorbic ~cid 1a h1ghly sensitive to various modes of degrada-

? tion. Factors which can 1nfluènce the nature of the degradative 

mechan1sm include ,emper~ture, salt and sugar concentration, ~H, 

oxygen, enzymes, Metal catalysts, initial concentr~10n of ascorbate 

'\ ' 

1 , 
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and the ratio of ascormiè ac~~ to dehydroascorbi~ acid (Archer and 

Tannenbaum, 1979). Since 50 many" factors can influence the na~~re of 

the~corbic acid degradation, it is not feasib1e to constr~ct clèar1y 
• 

defined prec~rsor-product relationshïps for the products in 'the 
! , 

reaction pathway. 

In the pre~enc~ of oxygen, ascorbic' acid is degraded to 
. \ . ' 

dehydroascorbia acid. ,The t'ate of formation of dehydroascorbic acid 
, 

l " 

can be des~ribed by first order reaction kinetics (Arc~er and ,,-
Tannenbaum," 1979). Barron et al. (1936) fotÎ~d that the rate of 

• 1 

ascorbic a~id oxidation under aerobic condition~ is very slow in acid 

and neutral solutio~ the absence of metal catalysts. Finholt et al. 
'. 

(1963) reported that the rate of ascorbic acid destr~ction 'in acidic 

; " medium reaches a maximum near the pKa, of ascorbic acid, which is 4. ~ 

Lee et al, ~1977) reported that the destru~t~n rate constants changed 

with pH, reaèhing ~ maximum at ~H 4.06 (~able 9), which is near pKa of 
o ' 

\ 

àscorbic acid. This ~s in agreement with Huelin (1953), who r~ported 

that under anaerobic conditions ~n citrate buffer the reaction pro-

ceeded most rapid1y at pH 3-4. 

'" The activa~ion energy for anaerobic destruct~on of ascorbic 
. 

aeid in tomato juiee ehanged with pH (Table 10). 'The change of Ea 

" 
with pH could ,be due to the fact that destructton of the complex ferro 

\J 

, of aseorbic acid requires less energy than required for the dissociated 

and undissociated forros ~f ascorbic acid, and the amount of the 

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

(Lee et al., 1977). 
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TABLE 10. .: ~ ..7 Actlvatlon energy'rVf ascorblc aC1d in tomato juice at 
diffèrent pH values\ 

\-----------------------------------~------------i 

pH Ea (kcal/mol~~ 
A- r 

"-
3.53 ~ 4.493 1 

If 

3.78 4.015 

4.06 ~ 3.295 .. 
'4.36 . 4.847 

) ,.-
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The comparison of Ea values of ascorbic acid in model and in 

buffer system inqic~te that kihetic data obtained from model systems 

may ~ot be very usef~l in food sy'ste1ll$. Table 11 shows a se1ectiofl. of 

the values reported in the literature. Within the food systems some 

\ Ea value~ are very low (tomato juice), while in canned peas the Ea is 

q~ite high. ]hese differences within foods and between foods and 

mod4;\l systems could be due to different, destruction mechanisms occurt'ing 

in each system. 

The physiologica1 activity of pantothenic acid is destrdye~ by 

hydro1ysis of the mo1ecule into pantoie acid and S-a1anine (Frost, 

1943) .' This hydro1ysis is a function of temperature, p~, moisture 
• ,1 

content and buffers. ~amm and Lund (1978) reported t?at the destruction 

of pantothenlc acid in mode1 and in food systems at temperatures 

betw~en 118 and 143°C cou1d be described by first,order kinetic 

equations. This i8 in agreement with Garret (1956), who statedrthat 
\ 

'the destruetiq,n of pantothenic aeid '\t pH 3'.2 .tn a mu1tj.vitamin 

preparation coUld be deseribed by' first order kinetics) He feporte.,d an 

E, value of 21 k calflOOle. Table 12 shows the ~esu1ts obtai:ed by Hamm 

"nd Lund (1978). Their results show'that as the pH of pantothenic acid 

system increases·the Ea a1so incDeased. "This was taken to suggest that 
q. , 

the mechanism of thermal inactivation changed as the pH changed. 
\ 

, 

.. 
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TABLE 11. Activation energy of ascorbic acid in food and model systems 

~l 
~Refer~ce . • Food/Mode1 system 

Ea 

-' 

(k cal/mole) 

$" 

Labuza (1972) 

Labuza (1972) 

Labuza (1972) 

Lee et al. (1977) 

Lathrop et ai. (1980) 

Huelin (1953), 

B1aug 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 6 

DehYdrated mode1 food 
system Aw 0.65 

l 

22'.3 

36.5 

45.0 

3.3 

41 

18 

, . 22~4 

18.3 
., 

TABLE 12. Activation energy of total pantothenic acid in mode1 and 
food systems ' 

Food/model system . 2 

Phthalate buffer pH 4 
( 

Phthalate buffer pH 5 

Phthalate buffer pH 6 

Meat ,purée pH 5.4 

Pea pùree pij 7.0 

Data fram Hamm and Lund (1978) 

- 'f 

.. -

<-
Ea (l<;,. cal/mole) 

20 

22 

\.~7 
25 

36 

\ 
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L Folate destruction during processing 

Th'e fo1acin content of foods ist great1y affected ~by condition's 
'\. 

associa~ed with processing, storage and ·pr~paration. Severa1 workers 

<:l 

have generated data on f01ate levels (Hop~ner et a1.,1977) and per cent 

destruction Qf fo1ates in faods (Table 1:}), but this kind of data does 

1 • 

not lend itself to a quantitative description of the lasses likely ta, 

occur under" a' variety of conditions. 
-" 

\ 
Direct comparison of 'the da ta avaiJ:able in the literature on 

, 
is not pos~ible folate 16sses in foods (Table 13) since in mos t cases, 

. , 
time, methods of cooking, temperatures, as weIl as the amounts of water 

used were not reported .. For example, in Hurdle' s (1968) experiments 

·the cooking water was net included in the assay and they r,epor!=ed a 

loss of 89% folate activity in broccoli. However, Fennema (1975) 

r~ported that 8-10 minutes cooking. gave 1ôsses of ouly 25-35% in 

broccoli and 100r. of this was recovered in the cQoking water. Klein 

et al. 

13) • 

(19~) reported high' va1u~s-qf-rêt;~tion in vegetabl~s (Table 
~----

~lthough thay-stâted the amount of cooking water used, the assay 
- .----------

of folates in the cooking water was not reported. The differences 

reported on the same food under almost tHe same process condition 

could be due té' differepces in assay techniques. Few studies ,are 

repsrted where ascorb~te protection of labile forms of fo1ate W8S used 

along with conjugase tlieatment to release the conjugated forms o'f the 

vitamine This--suggests that it ~s difficult êb estimate accurately 
l' 

nutrient content of d1ets from tabulated values • 
.1' 

, \ 

-, 
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0, TABLE 13,- Reported observations of fo1ate los ses in foods subjected to 
various pt"ocesses 

Food Process 
Loss of 

product method folate References 
activity % 

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

\ 
HaHbut fried 7-10 min 46 Il 

\ 
\ 

Cauliflbwer steamed 30 min 88 Il 

Carrots ~ steamed 30 min 97 n 

Potatoes boiled 30 min 93 Il 

J \ 

\ Cabbage steamed 30 min 92 " 
Egg scramb1ed 5' min 31 " - ,.·21 (1949) Egg fried 5 min Hanning & Mitts 

Il scrambled 7 min 18-48 '! 

\ 
poached " 33-39 " 

Cabbage boiled 5 min 98 
\ 

Hurdle et al. (1968) 

l, ' Potato boiled 90 " 

1~ " fried 89 Il 

) Broccoli boiled 89 " r "1 

"-
Egg y01k boiled 70 " 

" fried 29 " 
Sp ina ch boiled 10 min 12'.4 Klein et al. (1979) 

Green peas boiled 6 min 18 " 
\ 

Gteen beans " boiled 9 min None " 
Brocco1i boiled 5 min 51-59 " 

'* Meat/vegetable canning & stor~ge negligib1e Hallendoo rn et al. 
for 1~ars (19711 ---

Flour milling 20-80 Schroeder (19'71) 
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Folate'derivatives have been found to vary greatly in thermal 

stabilitY. The diffè.rencés i~ stability of various folacin derivatives 

may account for the wide variability in data concerning folate loss 
( , 

during thel cooking of food&; thetefore. it is worthwhile to character-

ize all ~turally occurring forms 1n terms of stability during , 

processing and storage. 

1. Pteroylglutamic acid 

PteGlu 19 the folate used therapeutically and in food sup~ 
"\ 

pleméntation.... Thermal stability of PteG1u has been st'udied under 

various conditions. It i5 stable ta boi1ing in aqueoUs solution up to 

2 hours (Coleman et al., 1975). Exposure to higher temperatur~ 

results in some losses of this fom. of the vitam1n. Keagy e~ aL 

• (1975) observed an average of 11% 10S8 of PteGlu in baking bread 

fortified with 5 meg PteGlu/gram fl9ur. Cooper et al. (1978) showed 

that PteG1u is qu1te stable to heat at lOOoC in neutra1 solutions. 

Dick et al. (1948) undertook a study to determdne the thermal stability 

of PteGlu. Their results showed that PteG1u 18 stable up ta one hour 

when heated at lOOoC in solut·itrn-·or pH above 5. lt has ~een shawn that 

bUf~~~ ionS' affect the deS\ruction of folates. ,D'Broin et al. (1975) 

campared stability of PtéG1~ in different buffer systeus and found that 

in the pres~nce of phosphate buffer at pH 6 and 8.0 PteGlu un~erwent 

47 

\ . 

/ 
,/ 

more ,thermal destru~~ion as compared wit~ the oth~r b,uffer Syst~~.:.:< 1 r 
tested at the same pH" Dick et al. (1948) found that the vari~~ion of "\ 

'-.. 
thermal destruction of PteGlu does not 'depend on the constituents of " ~-~ 

, 



, 

" 

\ 

\ 

" 

j 

thr buffer solution. Their finding~ are in agreement with those of 

Pa~ne-Wi~son and Chen (19791, who reported that at pH 3 the rates of 

\ » 
the mal destruction of PteGlu were similar using four buffer sys,tems. 

hate buffer was not inc1uded in their study. 

turally occurring folates 

> 

The ,naturally occurring reduced forms of folate are unstable and 

c~nside ble 10ss of the vitamin activity occurs- during the course of 

fJOd proe ssing and ~~orage (Archer and Tannenbaum, 1979). Although 

various st: dies have 

oxidative 

-
meehanism 

\ 
\ 

( urt;:on et 

of 109s of 

t 

shown that the primary inactivation process.is 

al., 1970; Ford et al., 1969), the extent and 

these forms in foods have not been, elucidated. 

Cooper ~t al. 1978) reported tnat the Most stable redueed folate was 
1; 

hich had stability comparable to PteGlu. There was 1 5-CHO-H4~\teGIU 
no signiftcant di ferenee in stabi1ity of 5-CHO-H4PteGlu when heated' 

\ 1 
\ 
\ 

l , 

at ~H 3.0 i\ vario S 

at pH 7, 5 CH?-H4Pte 

buffer systems. Rabinowitz (1960) reported that 
, ) 

lu ,was' relatively,stable in maleate buffer but 
\ 

was rapidly hYdrolyze in the presence of' phosphate, pyrophosphate and 
, \ 

\ 
arsanate buffer~. Ho ver, O'Broin et al. (1975) did not observe this 

effect of phosphate buf r on 5-CHO-H4PteGlu at t'oom temperature. 
l-

Pa1~e-Wil~on and Chen (19 9) ~eported that H4PteGlu is highly uns table 
~ l 

as eompared with ot~et' fol tes and the labi1ity was greatly influeneed c 

.. \..1\ ~ 

by pH and 'buffer ions\~ Thej' repot:t~d that H4PteGlu was vby susce~t'ible 

to oxidation by atmospneric 0 gen whieh made it difficult to handle 

e~c~Pt under solut~ons (Cdnt~in ~g reducing agents. 

\ . \. 
\~'- .'; 

.... 
( 
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3. 5-methyltetrahydropteroylglutamic acid 

l' As stated earlier. the limited data tnat are available indtcate 

that, particularly plant derived materials contain 5-CH3-H4PteGlu(n) 

forms as the major constituent. Cooper et al. (1~78) observed that 

~ over 90% degradation of 5-CH3-H4PteGlu occurred wi~hin 65 minutes of 

heating at lOOoe. The half life of this der~vative was 21 minutes in 

aqueous solution at pH 7 (Chen and Cooper, 1979). ' Paine-Wilson and 

Chen ,(1979) observed that the greatest thermal stability was displayed 
~ . 
at pH 7 at lOOoe. while q.~,Broin et al. (1975) reported that at room 

temperature the com\ound had maximum stabi1ity 

relatively stable i~ alkalin7 conditions. 

~ 

m. Effect of oxygen on destruttion 
of folates 

\ 

at pH 9.0 and was 

.... 
'The presence of oxygen has been shown to affect the degradation 

~f folates during heating. For~ et al. (l969)/reported that the 

variation in the stability of folates in milk was directly related ta .. 
the presence of oxygen in the milk. Rolis and Porter (1973) showed 

that the percentage of folacin destroyed ~Uring 'heat pro ces jing of ) 

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

'Chen and Cooper (1979) observed ~hat both 5-CH3-H4PteGlu and H4PteGlu 

were considerably stabilized when heate~at 100°C under nitrogen 
\ 
'atmosphere. 5-CH3-H4PteGlu lost little activity through one hour of 

\ 1 

h~ating ~der nitrog~n. The stabiliey afforded by the nitr~gen 
\ 

~~Phere was comp:rable to the stability afforded by a level of 0.11 

~.. \.~or\e. 
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CHAPt ER III 

MATERIALS AND METHODS 

1 

Water used in a1l the experiments was ,double disti11ecl water . 

a. Sample preparation 

1. PtetOy1glutamic acid 
, \ 

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

concentration was checked by using Beckman A25 spectrophotometer. 
# 

According to Uyeda and Rabinowitz (1963)', a 1% solution of PteGlu io-

o.i N ~aOH shows an absorp~ion maxima at 256, 282 and 365 nm, with 

values 'of 585, 570 and,206, using a 1 cm light path. These values were 

use~ ta check the eonc:ntration of the prépared solution. From thi~ 

solution a stdck solution (1 ml diluted ta 1 litre) was prepared. The ~ 

stock solut~on was frozen i? 5 ml aliquotes ~nd stored in the dark at 

-20oe. New solutiqns were prepared every two,weeks. When needed, 1 ml . .. 
of the stock solutt'on w~ diluted to 10 ml. with citratl buffer of the 

~ 
desired pH and.ionie streogth. The fittal concentration was 0.&9 ~g/ml. 

This solution was made frash each day. 

f 1 
50 
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1 2. 5-Methyltetrahydrofolic acid 

=-==== DL-N-5-CH3H4PteGlu (sodium salt, 90% purity) was obtained from 

Sigma Chemica1 Company, St. Louis, Mo, and stored-in a freezer at _20 o e. 

When needed, Il.1 mg was dissolved in 5 ml of cold water (4°C) and then 

1 ml of this solution was di1uted to 100 ml. This solution was stored 
1 

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 citrate buff,er of 
~ 1 

desired pH. The fi~l concentration was 1.998 ~g/m1. This solution 

was made fresh each day. 

b. Preparation of 'iuffer solutions 

• 1 

Citr~cid monohydrate powder was used to prepare the buffers. 

The amounts'of c1tric acid used to give the desired-pH and ionic 

strength were ca1cu1ated by using the Hend~rson-Hasselbalch equat10n 

which states that 

pH • 

and l • 

pC+ 108
1
0 (salt] r [acid) 

c.z~ 
l 1 

where l • ionie strength of solution 

..Ii c. - molar concentration of, thefionic type i 
1 

z. • va1eney 
1 

The pH, tonie a~re7gth and veight of c1tric acid uaed are shown in 

Table 14. 1.0 N NaOB was used to adjust the pH to the appropriate 

value. 

Il 

51 



j 

52 

TABLE 14. Amounts of citric acid used to prepare buffer solutions 

pH Ionie strength Moles of citric acid 
, per litre 
.' 

f 

3 0.1 0.249' 

0.15 0.374 . 
0.2 0.639 ./ 

, ~ 
0.,4 0.998 

4 0.1 0.~95 

5 0.1 0.047 " 

~î 
6 0.1 0.029 1 

i 
\ 
1 

, , 
~ '" 
f· 
~ , 
• ; l 

• 
\ :. 
1 

! 
) . 

11' ' ' 
~ 
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c. Preparation of food sgmples 

1. Preparation of bacto-chicken 
pancrease (conjugase), 

\ 

. , 

Bacto-chicken pancrease (1 gram) was:Aided to 30 ml of 0.1 M 
, 

phosphate buffer pH 7.0, 'covered with toluene and incubated at 37°C 

overnight.' After incubation the toluene was carefully boured off and 
{ , " 

'the mixture was' centrifuged for l hour at 2000 rpm. Dowex 1 X 8 
r 

(chloride. 10% w/v) was added ta the supernatant and stirred for 

,~ hour in a co1d I~oom ~t 40? The mixture was centrifuged and t~e 

supernatant was stor,ed ,in 5 ml aliquotes in a freezer at -200e untU 

ready ta use. 

The phosphate buffer was prepared'by mixing equal volumes of 

0.1 M NaH2P04 ,and 0.1 M Na2HP04 and the pH adjusted to 7.0 by adding 

0.1 M N82HP04' 

~ 2. Re&pval of' nativè folates from 
tomate juiee 

Tomato juiee purchased 100a11y W8S used. Tomato juiee (400 ml, 
l 

.pH 4.3) was dlluted vith '100 ml of water and the pH adjusted to 6.1 
, 1 

with 5% ammonium hydrox1ae~ This was then heated in a boiling water 

bath for 5 minutes. Aftet cool\tng to room temperature. 5 ml of· , , 
chieken pancrease preparation was added; _the mixture incubated a~ 

o 1-" ' 31CJ for 18 hours, then heated for 15 minut~s in a boiling water bath 

then cooled to room 'temperature. Dowex l X 8 (chloride 40% w/v) wàs 

added and the mixtu;e was stirred in an iee bath in a CÔld rOom (4°C) 

for 8 hour.. The mixture waé eentrifuged for 20 minutes at 2000 rpm 

" 

1 
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and another,40i. (w/v) Dowex 1 X 8/(ch1oride) was added ta the super­

~. natant and stirred in a cold room for 12 hours (supe,rnatant included , , (. 

the solids from tomato juiee). This was repeated for another·12 l hours 

~ and then a proportion of the supernatant obtaine~ was assayed for 

folates using ~he standard L. casei procedure to check if aIl folates - -- , 
~-;/) . 

had been removed. The folate free supernatant was then freeze drie,d 

'\ and kept in a freezer at -.20
o

C. When needed, a weighed amount of 

solids was rehydrated to 93.6% moisture and the pH adjusted to 4.3 
\\~ 

using 1.0 N ci~ric acid. This prepared tomato juiee (9 ml) was mixed 

) with 1 ml of PteGlu or 5,-CH
3
:"H

4
PteGlu and put into capillary tubes and 

sealed as described for destruction testing. which will be described 
1.1)'" 

làter. 

3. 
w 

Removal of native fo1ates from 
apple juiee 

Apple juice, pH 3.4, used. The same 

procedure was followed" ,as 'for tomato juiee except that there was no 

/ 

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

for 6 hours and th en centrifuged ~nd repeate~ for another six hours. 

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

aeid and kept in 10 ml aliquotes in a freezer at _20°C until ready ~o 

use •• When needed, 9 ml of the thawed juiee was used to dilute 1 ml 
1 

of PteGlu o~ 5-CH3-H~~teGlu solution and then put into destr~ction 

tubes •. 

., 

" , 1 
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d. Thermal destruction of folatea . \ 
\ 

The method of S tumba (1965) was use4. " !pproximate11' 50 ]Ilg of 

a buffered solut~on containing 0.89 ~g/ml PteGlu or 1~98 wg/ml 

5~~B~-H4PteGlu was placed in a capillary tube (1.6 x 100 mm) by 

captllary action and ~the ends of the tube sealed 'in a small Hame. 

The weight of the solution in the tube was determfned by weighing the 

tube'b~fore and after filling and lts volume computed by assuming a 
j 

density Qf 1.0 g/ee. _ This procedure allowed trapping of the ..sample in 

the appr~ximate centre of the capillary, tube ta ~educe o~ eliminate 
J . 

end 
1 

effects which can occur if the sample contacts the end of an 
'{Y 1 

irregularly sealed capilla~y tube. The tubes were laced in a speeially 
'\ 

constructed stainless st.eel rack,. AlI capillary 

" 
bes were set up in 

j 
triplicate. ./', 

o ~t~nless steel' bath 
1'i 

,Heat1ag was done in a Bràun Ther60mix l . " 

fl.lled with stabiÙzed high tempera'ture oiL Individual capillary 

tubes were removed at specified time perîods and placed in a second 
, \ 

espeèially constructed rack immersed iri an iee- bath. Individual 
1 • ~ 

eapillary tubes )i1ere removed fl\'om the eO,oling bath, dri,.ed, dipped in 

~ ethanol ane! flamed p,tior to immeg.ion in 5 ml s·terile water, 

previously pipetted asceptically ~nto sterile, cappêd plastie 15 ml 
.... 

centrifuge tubes. The capillary tube was then 'crus~ed witb~ sterile 

\ -
glass rod and the ;tube contents thoroughly mixed w1 th a vortex' mixer .. 

The tube~ were then qentrifuged for 2 minutes to ensure that all glass' 

~ticles were separated. One huodred Ul of the supernatant was added 

to 9.9 ml sterile-asssy media and asssyed for fol~tes., 

.. 

.. 
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An~er,bfc des~ruêtion of 5-CH3-H4PteGlu 
\ j 

On~ ml of the prepared stock 5-CH3~4 Glû was diluted with 
} t 

, 
9 ml of citrate buffer of desired pH and nitrogen w,as 

1 • 

the solution for 30 minutes in a glove box~Fisher' Scientifi:) 

ha4 previously been flushed with nitrogen. The ~issol~ed oxyge 
, 

~the solution after flushing for ~O minutes was determined 
J . ' , . 

dissolv~d qxygen analyzer (New Brunswick Scie~tific, N.~., U. S •• ). 
1 r • • 

1 ~ • \ 

The amount of dissolved oxygen after flushing was 1.7%. 
"-1 , 

h 

~ sealing the capillary tubes was done in t!:lr gleve box. 
\ 

The dest cti, n 

was the~one as described previously. 
, "-, 

/ 

f. Assay for folate§ , 

-'1 .. Maintenance of ~ock culture 1 
\ 

Pure lyophilized eulture Of.!. .. ~ei ATCC .1469 ~ .. obtain d 

ftom American~,pe Culture Collection and stored at 401 until re dy 

ta use. One week before the preli~inary assays 'wére -s~arted, the vial 

which contained the 'culture was opened ascep,tically! an 
, • ft"«: , 

rehydrated MRS broth .(Difco) was added. The\~,ulture w shaken i 

~ 

0.4 ml of 

- order to achieve uniform sqspensi~ and ~hen t~~~sferr d ~scePticafly 

t~ â 1.6 x J50 mm test tube containing m ml of ~S bro The \ tes 

tube was incubated at 37°C for 2.4 hours. -After the in 

the c7lt e was a110wed ,to cool to room tempera,!;.lJ..I;.e, t en inoculate . f1' cr • 

into 1 x 150 mm te'st· tube containing sterilized Bact La~tobacilli 
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. ~r (011eo) and._~eubated at.37"C for 24 hours. Stab e'ulture~ '(e 
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then obtained from these cultures and stored in a cold room at 4°C. 

The scheme for maintenance of stock cult~re in agaf stabs was accord-
, " f, 

ing ta Cooperman et al. (1960) as shown in Figure 10. Transfers were 

made once ~very mon th. 
r \ 

Prior to each test the cu~t~re was trans~rred 

for two consecutive days on Bacto-LJctobacilli Aga~"~Difco) slants to 

revive the microorganism., 

2. Preparation of ino~ulum 

lnoculum f~r aassy was prepared by subculturing from'the agar 

slant into a tub~,containing 10 ml prepared ~s broth. After incubation 

for 18 hours at 370C' the tube was centrifuged, the supernatant 
"-

discarded and the cells resuspended in 10 'ml sterile 0.85% saline 
? 

" solution. The culture was recentrifuged and twice resuspended" in 

fresh sterile s~lïne. The culture was then diluted (1\~ ,to 100 ml) 
c~ 

, 
with sterile saline so1ution and one drop 'of this was used to inoculate 

the assay tubes. ' ~ . 

1 
3. Microbiologieal assay , 

, The method of Waters and Mollin (1961) with modification by 
4 , . 

Tamura et'al. (1972) was used. Rehydrated Bacto-F~lic Acid Casei media 

1 (5 ml) contain1ng 0.05% asco'rbic 'acid was dispersed ,1n1:0 test .tubes 
> 

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

AU the tubes were autoclaved for 10 minutes at 15', psi (1210 C) and 

then coo1ed to room temperature. Sample ·so1ut1on (100 U1) and a d~O'{' 
J. - • _ ), 1 

of the diluted 1. m!! cell suspension were added to each tube and 

v.o~xed. The tubes we-.re illéubated at 37°C iIi an agi tated Magni Whirl 
\' 

,; 
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constant temperature bath (Blue M ... Electrical Camp'any, Illinois, 

U.S.A.). After 18 h,urs incU:-bation, the tubes were"removed and 

~toc1aved for 15 minutes at l2loC. After thorough mi~ing o? a , 
, J ~ /, 

vortex mixer, the turbidity ~as measured at 660 nm on a Beck~'Â25 , 
" 

spectrophotometer~quipped with the,sippef accessory. 
\ 

The am~unt of /r--" -, 
\ ".-" ~ 

fo'late left wa~ det~rmined by using a standard curve oqtàined as -- .. ' 

described below. 

"- .: 

g. p,rep~rati7' of standard curves ., 
1. PteGlu sdndard cu;'ve 

\ 
i) Stock solution of folie add 

P~eGlu (1 ~am)Ywas dissolved ln 100 ml' of 0.1 N NaOH and the 

concentratiOn was checked on,~he Beckman A25 spectrophotometer as 

described gefore. From this solution, l m~ was taken and diluted to 
<>1 

100 ml with 0.01 N NaOH witp 20% ethanol. The solution was then ,'< , 

i covered with toluene and stored in a dark glass bottle (ground glass 

. stopper),inJa refrigerator at 4°C. 
l', , ~ . 
two weeks. 

~----" , 

ii) Working ~tandard solution 

J 
New solution was prepared every 

The $tock solution (1 ml) was diluted ta l litre in a volumett'\c 

flask and 10 ml,of this solution was furth~r diluted to 500 ml. This 
/ , 

solut~on was made fresh each day. .... , ' 
( 
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11i) ,Preparation of standard tubes 
, \. 

To triplicate 16 x 150 mm tubes, 0.0, 0.1, 0.2, 0.3, 0.4, 0.5, 

0.6, 0.7, 0.8, 0.9 a~d 1.0 ml of the working standard folie acid was \ 
, 

added. Water was added to each tube to bring the\volume to 5 ml. To 

r Q' 
each tube 5 ml of folie acid easei media whieh con(ainedLO.QS% 

ascorbic acid was added. The tubes were autocia~ed for ~. minutes at 
J 

l2loC. The tubes were then cooled to room temperature before inocula-

tion. 

i'V) Inoculation:' and in~ubation 

AIl the tubes were inoculated asceptically with one drop of the 

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

11 ' 

'60 

at 37°C in aD agitated constant temperature water bath. A new standard 
f, 

curve was prepared for each set of assay; 

, 
2. 5-CH3-H4PteGlu standard curve 

i) 
~ 

Stoc]t solut,ion of S-CHra4PteGlu.~ 

\ 

5-CH3-H4PteGlu ~ll.l mg) was âissolved in 10 ml of water and 
') .. 

1 ml of this solution was diluted ta l litre and stored in 5 ml 

aliquotes in a freezer st -20oe. New solution wa~vprepared each week. 

ii) =Qorking standard solution 

... "" . , 
The stock solution of 5-CH3-H4PteGlu (3 ml) was diluted to 

l li~re in a volumetrie flask. This solution was made fresh each day. 

The solutiop was sterilized by filtering through a millipore fil ter 

paper type HA 0.45 ~. 

1 
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. iH) Preparation of standard tubes ~ , 
\ 

Ta triplitate 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. Ta eaeh tube 5.0 ml of 

rehydrated folie aeid casei media CDifeo) which eontained 0.057. , ~ 

-aseorbic acid was added. The tubes were autoclaved for 10 minutes at 

o . 
121 C and then ~ooled in a cold water bath: ,After coo1i~g, 0.0, 0.1, 

0.2, 0.3, 0.4, 0.5, 0.6, 0.7, 0.8, 0.9 and l.~ml of the sterilized 

S-CH3-H4PteGlu solution was added asceptieally to the tubes to. bring 

the volume in ~ach tube to IO,ml. 

'iv) Inoculation and incubatlon 
, , 

AlI the tubes were, inoculated asceptically ~ith one dr.op bf the 

inoculum, mixed for l minut-e and then incubated at 370 C in a water 

bath for 18 hours. After incubation, the t~es were autoélaved, 
~ 

cooled and after thorough mixing, the absorbance was measured at 660 nm . 
_'"" on ,a Be~nrn A25 spectrophotometer. Distilled water was used ta zero \ 

~e instr~ment. 

,-

t 

h. Caleulat'ions 

* > 
,. ) 
Reaction rate constants were determined using the first arder 

l, 

reaction equation 

where 

kt • 2.303 log ~ c 

k- • rate constant 

t • time 

.' 

61 
\ 

) ~, 

( 

• 



- i 

1 

f 
r 
r -
\ . 

( 

./ 
,. .1 

( \ 

) f 

1 
\ 

\ 

'f' 

\ 

1 

) 
i 

co • concentration 
1 

at 

! 
C ,. concentration at 

• 

.. , \ 
\ , , , 

0 Ume, 

time t 

\ 
\ 

\ 
\ 

\ 

\ 

\ \ 
\ 

\ 

\ 

~ Cr , 
Plotti~g 10glO 9f per cent folie acid retained versus time of heating' 

, \ 
at constant temPfrature, a straight line was obtained. The slope of 

\ -the line was obtained by linear regression analysis (Sneq~cor and 

Cochran, tpe difference between slopes of li~s tested bJ a 

'covariance techniq e described by OstIe (1975). The rate constant wa~ 
'( 

then' obta~ed by m tiplying the slope of the line by 2.303. 

~ ~ . 
The relations i~ be~een folate destruction and tempe rature was 

obtained by usins'Arr enius equation which states that 

ln k a ln e • E T 

\ where ~ 

1 e is a constant \\ 

\ 
E • activation e~er~ 

1 

~R • gas ~onstant \ 

T • abso1ute temperatu~e 

The Dkt~al logarithm of the ra~ constant was plotted versus the 

reciprocal of the absolute t:mp~:Sure ~nd the Sl~~~-Of -~he line was 
\ 

obtained by li11&4r regression analys1~. The activation energy.was , \ 

obtai~~ by multip1ying the slope by the gas'constant R. Covariance 

analys i~ (Os tle • 1975) was ùse d to tes t ~e the r 0 the slopes 0 f' the 
\ 1 

Arrhenius plots were, significantly d~ffererl\ 

\ 

/ .. ' 

\ 

62 

• 

.. 

II 



! ( 
! 

t 
1 
f 
1 

1 

\ 
t 
f 
i 
r 

( 

\ ". .., 

CHAPTER IV 

'" , , 
RESULTS AND DISCUSSION , 

/ 

. l' \ 
a. Thermal 'déstruction\af PteQlu 

J 
:1 

1. PteGlu standard (Cû-;;'e 
""', , .-

.... 

• 

~~~~~ 
figure l~~~S three stan~ard curves obtained on three different 

~ V 
casions., ~t standard curves were in good agreement with th~t 

~--,~'" . 
/ abtainei

h

''''' -wa\~Js and Mallin (1961). The differences ob'-~rved bet;:een 

lines Obtained on occasions were judged sufficient ta require 

a unique standard Gurve run '~h each falate determinatian and sa a 
~,~~ . 

unique standard curve ~as run on eac~c~asion .• 
,r-' 

7 
' ,,-' 

DestructionT~af 

/ 
/ The thermal 

'",-

~ 4 
PteGlu in citrate buffers ~ 

~,h '~~ 

destruction curves far PteGlu obtained at piî'~3~~ 4, 
~~. 

5 and 6 in citrate 
Jl 

buffer'~t 121°C are shawn in Figure<l24 By using ~ 

linear regression techniques, a model based on firs~ order kinetic was 
"-

fitted ta the data. The carrel~on coefficients ~f these plots ranged 
~ 

fram 0':98 ta 0.99 and were highly significant (p ;;> 0.01). Similar 
-

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

.,-
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TABLE 15. Effect of ~mperature and pH on the rates of destruction of PteGlu in citrate buffer 

pH 

'", -1 
Rates of destruction* (hr ) 

ff ...J. 
~ 

~ 

lOOQe uoOe 121°C 130 0 e 140°C 

3.> 01145 (0.97)" 

~ 4.0 o 074 (0.98) 

5.0, 0.021 (0.95) . b 

0.293 (0.98) 0.744 (0.99) 1.66 (0.98) 2.36 (0.99) 

0.128 (0.98) 0.234 (0.98) 0.580 (0.98) , 0.840 (0.99) 

0.0:31 (0.96) 1 0.053 (0.93)i 
~ -f 

0.112 (0.9'5) 0.207 (0.97) 

6.0 0.015 (0.94) 0.026 (0.97) 1 0:-049 (0.'99) 0.076 (t): 96) 0.133 (0,.99) 

-.... 
( *Rate of destruction = s1~pe x 2.303 

aThe çorrelation coefficients (in paren~esis) are significant (p ~~0.01) 
bRate constants bracket'ed by the same line are not significantly dHferent {p ~ 0.05) . " ... 
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'Considering the inherent error in microbiological assays, the extremely 
, ~ , 

good fit of the lines to the experimenta1 points is strong evidence 

that the .thermat destruction of PteGlu in citrate buffer cao be 

described by first order reaction kinetics at 100-140o C. This agrees 

well with ~'he findings of Garrett (1956) for PteGlu destructiQ1L~t 
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'" j . ' 

pH 3.2 and 50-70°C and those of Partf:-Wilson and Chen (1979) for PteGlu 1 

inactivat7i.on at 1000e at pH values ranging from 3.0 to 6.0 in seve'ral 
t 

b"ffer systems. 

The possibiiity that folate destruction rates could be affected 

,by ionie strength has not bean addressed in the literature. However, 
;! 

it was dete~ined (Table 16) that ionic strength did not affect 

destruction rates Cp> 0.05) between ionie strengths of 0.1 and 0.4 st pH 3. 

The value obtained at ionic strength of 0.40 i8 quite high ~n view o,f 

tne other values, in spite of being not sigÙificantly different Cp ~ 0.05). 

3.' Effect of pH and temperature on 
destruction of p~eGlu 

~e effe~t of pH on the rate constants i8 shown in Table 15. 

At aIl temperatures, as the pH increased Iram 3 to 6 the rates of 

destruction decreased.· At 1QO, 110, 121 and' 130°C 'the rat~· of 

destruction ol PteGlu at pH 5 were ~ot different from the ~ates of , 

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

statistically different at a11 pH leveis (p ~ 0.05). 

"­
~ompari90n of the data obtained in the pre~ent study at 1000e 

with àvailable literature values i5 shawn in Table 17. The rate 
. ' 

constant reported by Q'Broin et al. (1975) at pH 3 at raom temperature 

.'" 
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TABLE 16; Effect of ionic strength at pH 3.0-on the rate of destruction r Pt.Glu at 10Ô·C 

te constant -, 
Ionie strength (hr-l ) Correlation coéf~cient 

0.19 . 

O. lS __ ."t~~" 
0.20 

0.40 

0.143 

0.148 

0.149 

-0.185 

* Significant at 5% level 

** Significant at r -rl leve1 
'-.. 

i!> 

1 

Rate constants bracketed by the same 
. statisticary.r.~t (p;;' 0.05) 

17 

0.92* 

0.93** 

0.96** 

0.97** 
~ 

line are not 

,1' 

c 
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TÂBLE 17 •. Comparison of data obtained in the present study and literature values .. 

~ 

Syst~m Temperature Rate constant -, ~ 
~ oC' hr-1 Reference 

..- . 
Citrate buffer 100 0.145 Pr--esent study 

. Citrate buffer 
-~ , 

100 0.074 - Present study , 
'0 

Citrate buffer 100 0.021 Present study 

100 0.015 Prese~t study 

3 .Jt.. ..... 
Citrate buffer 

CHrat~ buffer 
~-

100 0.071 Paine-Wilson and Chen (1979): 

4 

5 

" q 
" '3~ 
--...,----

6 

3.2 ., 
3.2 

3.2 

r 

... 
Universàl huffer, 

Universal huffer' 

Universal huffer 

0 •. 05 M cit:ratel 
phosphaté buffer 

0.05)l citratel 
pho~hat~ huffer 

, .. 

." 

Multivitamin -~ 
preparation 

Multivitamin 
prepal'a"t ion 

Multivitamin 
preparatioa c 

-' 

100 

1..00 \, 

.100 

RO'om 
temperature 

'Room 
temperature 

50 

60 ' 

~ , 

70 

.. 

0.031 ' Paine-Wilson and Chen (1979) ., 
0.01 Paine-Wilson and Chen (1979) 

0.006 Paine-Wilson 'and Chen (1~79) 

0.029 O'Broin et al. (l975) 
y-

0.001 d O'Broin et al. (1975) 
'l. 

,. 
'" ~ 0.004 Garret (1956) 

0.001 Garret (1956) , '" .' 

0.002 Garret (1956) 
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at temperat~;~o; up to

v;:::l 
, 
(P?ssibly 20°C) LS much higher comparèd with the 

, 

Garre'tt (l95..g) ai: pH )'.2 

. in. thes. ~alues couldj>e due to the different systems ,~ 
.' dest'rüëtion was taking place. 

, , • 

report d by 

The iffèrences 

whi the 

! 

, . "There is an apparent disagreement between the rate donstants 

obtained at 100°C in this study'.and those reported by ine-Wilson'and 

.. Chen (1979). The reasons for the differences are not 
l' 

owo, put if " 
, 

the values obtained in' the 'present study a+,e divided by 2.303, the 
,. • < 

70 

faetor converti~g 10810 to 19ge , ,;'xce-llen't: agreement;i~! obtained. lt 

might be_~hat the dat~ of Paine-Wilson and Chen (1979) are in,error by ~ 
l" '," , 1 

p;'this f~ctbr, but it is 'impo~sible to "tell}rom the"publ,f;hed information . 

.;. i\ ( 
1 \ 1 l " 

!ha temperature dep~bdence of first arder rate donstants can be 

de,c;i ~d by the, Arrheniu.:' 'ac tl va tion ';"er81 (è las s ton~ • ,1 ~46) de ri ved 

from plots such as shawn in Fig~re D', The activation i ~nergies (Ea) 

~et~'obtainecÎ from'th'@' slop~s oe the Hnes derived by r'simple linear 
, , 

~ ~ 1 • 
t'egress:i:on. The slove of f'he line ,ffor pH 3 was sïgnificantly different 
,,\ "1 ! " 
• l , 

: from the ~loPr of' the line fqt pH 6 Cp <; 0.05) , Th'e r~maining Üopes 
, '1 ,1 " 

w~re not differené froOl ea~h '~tlier. The Ea ~al,~e.s, obt~ned, are s~own.', . 

in: Figure -14. In spite of 1a~k of significant d\iffer~fc~s, tpe figure < ~ 

s low; th~t tli-e E~ vat:es fat' thermal degrad"ation \ of cPc,,~eGlU de~reaSès .. '. .(~ \' r' 1 

·with pH in a regular manner. 
, ' \. 
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~Figure 14. Effect of pH on the activation energy for~estruction of PteGlu in 
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sharp cha~ge ~n mechanism were observed. Archer and Reed (1980) 

demon~trated that tetrahydtofolate undergoes a varie~y of degradation 

pathways in air and both the rate of reaction and nature of t~ 
" ,. . ~ 

praducts depended on ,;the pH of the system . . 
1 

\ ' 
The activation energies for .the destruction of other vitamins 

, 
such as as·corbic aci~ and pantothenic acid have ~en shown to change 

with the pH of the system (Lee et al., 1977; Hamm ançl Lund, 1978) . .. 
The pattern with ~hich' the Ea vàlues of these vitamins changes with the 

... 

pH is shown in Table 18. F.or""'pantothenic acid Ea values increase with 
D 

pH while ~n the case of ascorbic acid the Ea values.decrease with 

incre~sing pH ta a minimum at pH 4.06 and th en increase with increasing 

" 
( , 

pH. 

Thè Ea values obtained for thermal inactivation of ~teGlu in 
;.ft 1 

this' study are compar-a,ble to Ea values of, -other vitamin's in' s'imi1~ 
, \ ~ 

r'. \ 
température range. The reported Ea values for thiamine at temperatures 

of 108.9 ta 138. 9°C r~nge from 27 ta 29 kcal/mole (Ha1llIl'tand Lund, 1978). 

The only Ea valuè available in the 'literature 'for inactivation of, PteGlu 

is 16.8 kcal/mol~ reported by Garret (1956) at pH 3.2 ~ a multivitamin 

preparation at temperatures between' 50 and 70 o e. 
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TABLE 18. 

... 
/ 

Vitamin 

-;' , ~f""0 'II __ ft"''''''' .. ";'t'"" ,.. .... ~.:;~ • .., 

" 

r \ 

t"., 
)' 

.. 
,... 

r' 

.,. 
Effect df pH on the activation energy (Ea) for th~rmal inactivation 

of ascorbic acid and pantothenid,acid 

System 

.,. .. _-_ .. _--_._--_.- ._-_ ... --' 

\ ~ "" "" 
pH - 'Ea? Reference 

4 

1 

Ascorbic acid ~ma~o juice 3.-53 4.49 Lee' et al. 0977) 
rf:'-~~ 

"'~. 
3.78 4.02 

4.06 3.30 
i 

.... 

i 
i '\ 

4.36 4.85 
l 

r-

.. 

.~ 

... 
J 

.. 
'/ 

/ 

t-

"" 

Pantothenic acid 

.... 

~ "';/t . 
?' ~ 

J 

f'tt~.,..:;,:",~~"",,<t~_V~"',,", ., . , ~-~ ~ ;.,-;.u lo", .. , .. 

Phtha1~"k buffer 4 20 Haron and Lund (1978) 
'. 
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• b. Th ... ermal destruction of 5-CH3-H4PteGl~ 

-IStandard curve for 5-CH
3
-H

4
PteGlu 

," 

\ 

Figure 15 shows two standard curves obfained on two differen,t 

occasions. The figure shows that there i5 a variation between curves 
'\ 

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

with each assay as with PteGl,u •. 

2., Des truction of 5-CH3-H~Pte'Glu in 
citrate buffers ) 

,f. 
The plot of the logarithm of per cent 5-CH

3
-H

4
PbeGlu retained 

versus time of heating at lDOoe yielded straight lines (Figute 16). , 

Straight 1ines were also obtained at 110, 121 and 130°C. The lin~arity 
r 

of the :~rv~s) indicated ~,hat the reaction o~ 5-C~4PteGlu degradation 
"~ ~ . 

in citrate buffer could be described by'first order reaction kfl.netics, 
~ -J\~, ~ , 

in agreemePlt with Chen. and _~ooper (1~79). ", \ '. r \ 

3. r;ffect of pH and temperature on the 
destruct:i~n of 5-CH3-HlteGtû 

Table 19 shows the effe.ct .of pa on the rates of dqftrucdO"n for ". 
t' 

75 

5-CH
3
-H4PteGlu. At 100~ 121 and 130°C th~ rate constants at pH 5 were not 

'"' 
'significant\y different fr.pm those at pH 6 (1);;;' 0:05) . This indicates 

1 ~ t 
that' at lower "'pH \alues the rates of destruction are much faster compared 

• 

with high pH values. 'No dÎ'ta were collected for pH 3 and 4 at ;L30oe 

1 
because dest1;'uction wàs esséntially complete within 2 minutes. The halJ 

, .0 

lives for the degfadation of -5-CH3-ij4PteGlu ,at! 1000e ohtained in this 

study are in goo4'agre~merlt with '~lues r~ported in the lite~ature , Ir" , ... ,.. ., 
'*' ' 

(Table' 20). Chen and .. Cooper <'<,79) reported a qal:,f 1ife of 2~\.4 min 
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and 0.98 at ~H 3 are significant (p~ 0.01). 
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TABLE-t9. Effect'of te~~rature a~d p~ on'the ra~es'of destructio~ of 5-CH3-~4PteGlu 
-cl /' ln citrate lAiffer / 

)coo 

~:O 

5.0 

~_ .. ~ 

-' 

6.0 

---
- the 5% 

F 

~ 

.' 

" 

1" 

Rates of destruction* (min-1) 
....,.-------~- .. ~\ .. _------_._------- ---~-~_--4--~--- -~--4S 

~ 100°C nooe '121°C.. l300e 

;) 

0.243 (0,'.98) '0.448 (0.\96) - 0.927 (0.98) 

0.19.2" (0.96) 0.318 (0.94) 
• f/ 

0.635 (0.9V 

0.110 (0.99)\ c 0.215 (0~97). 
r, 

Q.I04 (0.94) 0.i88 (0.98) 

O.~432 (0.98>\ 

0.366 (0.93) 

/ ~ 
/ -

. 
*Rate of _dest'ruction = slope x 2.303 

, / 

aThécorre1atfôn coefficients (in parent~is) are si 
b ' ~ 

No data lollect-ed - J 
c • . 
~t~constants ~racketed by the s&me 11ne are not Sl 

levé1 --
~ 

~ 

'ç' ~ ... 
- ,r 
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". 

" , 

~"'" ~ 
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, , 
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b 

0.'808 (0.94) \ 

0.783 (0.96) 
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TABLE 20. The effect of ~H 

" 

1 , 
on~half lives for the destr~tion of 5-CH3-H

4
PteGlu 

~ 

,> 
~ 

. Half life \ 
Temperature System, ( . ) Referenc,e 

ml.n " 
) -"---~--- \ . 

-100' citrate buffer 2.85 present study ,-.. 
100 citrate buffer 

100 universa1 4buffer 

6.66 present ~tudy 
~ /. 

2.73 Paine-W1.1son and Chen (1979) 

100, universal buffer 

. 1-00 'phosphate buffer 
/ 

; 
6.73 Paine-Wilson and Chen (1979) 

~r ' 
6.40r~~JRuddick et al. (1980) , 

100 aqueous solution 21.4 
? ' 

Chen and Cooper (1979) 

~~ ~ ---~---------------------------_. 
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, 
in aqueous solution at pH 7.0, whi1e Ruddick et'al. (1980) reported a 

""h.alf 'life of 6. 4 min~tes in phosphate buffer at pH 7.3. The d~fference 

between the tWQ values ~9~id be due to the effect of buffer~ns. 

( ...... 

\ ,.,....., 
Thermal stabili~ of 5-CH3-H4PteGlu has been shown to be affected by 

.. 

buffer ions (Paine-W~lson and Ch~n, 1979;, O'Brpin'et a.~;, 1975). 

The effect 

in Table 19.' The 

\ J" 
of temperature on the rates of destruction i5 shown 

:; ~ , , 

rates of destruction increased wiEh temper~ture. ' In 
""( 

evaluating the dep"nden.ce o'f thé rate constants on temperature, the 

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

of the absolute temperature in Figure 17. Activation energies obtained 
, , 
as de'scriJred previou51y were 19..0, 17.0, 19.? aIld' 19.8 kcal/mole at 

~ .pH 3, 4, 5 'and 6. The SI,o~the. line~ in Figure l~l'~re not 
, ,lf 

significanîtly different Cp;;;a. 0.05), indicjtting that the a.<;-tivation 

energies are not signifJcant1y different: This suggests that the" 
o • 

, 
mechanism of destruction does not change over the pH range 3-6 in 

. '\ \. 

contr~st to PteGlu. Th~ Ea. values obtained'in this study a~e higher· 
, 

than values~repo~ted in"the literature. Cheri and Cooper (1979) 

repôrted an Ea value of 9.5 kcal/mole at temperatures r~nging from 
• 

49, \.,0 100°C. Rud,i'i~lc et al. (1980), working at the' same temperature" 
l' tl' , 

rart~e re~orted an Ea value of 7.1 kcal/mo1e. The,differences between 
(> 

the values obtained in the present study And the lite1ature values 
, " 

could be,due to the different temperature range$ employed si~ce an Ea 

value of 9.58 kcal/mole (Table ~6) 
~ -~ 

\ 

was obtained at pH 3.4 over. the 

80 

temperature range of 50-70°C. -. " \ 
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Figu~e 17. Arrhenius .plot for thermal degradation of 5-CH3-H4PèeGlu in citrate 
buffer. Correlation coefficients, 0.99 at pH 3, 0.97 at pH 4, 0.99 at pH 5 and 0.98 
at ~a6 are significant (p ~ 0.01). The slopes of the lines are not different -(p > 0.05). , 
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It was'reportèd by Larrahee et al. (1961) and confirmed by 

Gupta~and Hu~nneken$ (~967) that when '5-CH
3
-H

4
PteGlu ls shaken in air ., 

or o~gen at pH 8.7 it is 'converted to the dihydro-compound 5-CH
3

-

H2PteGlu. This compound is not effective in supporting gro~th of 
'-

1· case\ (Blakley, 1969). 
1 < ., .. 

1 

• '\ 

4. Effect of nitrogen aonosphere on 
. dègradation of 5-CH

3
-H4PteGlu ., 

'The pre~nèe of oxygen has be~n implica ted as a possible factQr 

in of fo1ates during heating. Ford}et (1969) , 

82 

the ~egradatio.p. al; 
, ~ 

Q '. investigating the effècts of UHT processing and subsequent,storage of 

milk on folic acid ~ontelnt, conc1uded that variation in the stabllity 
; 

of fo1ates was .re1ated dire'ct'\. ~o the presence ~f oxygen i~ the mi1k, 
1> 

the de-aeration. of mi1k before processing effectively reducing the 

vitamin loss~ Chen and, Cooper, (1979) 09served.that 5-CR3-H4PteG~u was 

) f "" 4 0 t 

consi~erab1y stabilized when heated a~ 100 C under a nitrogen atmosphere. 

The destruction rate curves for 5-CH3~H4PteG~u a~ lOOoe in 

citrate buf~er with limited oxygen are shotn in Figure 18. The cor~ 
, '-

re1a,çl-0n coefficients obtained by applying first or*r reaction 

( equation to .the data (Table 21) were guite high so the degJ~da-tion 

\ 

5-CH3-H4PteGlu could be described by' first order 

kinetics. 
. .... tlF. ( 
'~, 

-" , 

JI1 

r';actior > 

\, 
...... ) 

Table 22 shows 'a comparison of the rates a~destruction of 
) 

S-CUJ-H4PteGlu at lOe-°C in limited an~ u,n~1mited o~8.en. kt al! 
•• 1 

• pH levels test'ed the rates. of destruct:1on are lower in 1imited oxygen, 
" ~ "", 
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TABLE _2l. Ef{e~t of 

~ 

'1 

" 
loooe 

p/' 

~ 1 \ 

\ ' " \. 

d, 

"" ..... 

"" 
~ 

temperature and pH on rates of destruction~ of 5-C~j-H4PteGlu in c~t~ate buffer 

with limited oxygen (1.7% of saturation level) 
1 - :: ., 

.. / ----_ .. _-
Ratès of destruction * (min-1) 

"'-
.-" 121 0 e ; 0 1400 e f' UO°C llQoe .# .. 

--- " 4 

a 3.0 0.106-·(0.95)' 6.133 ~O. 9,-6) \ 
\ 

b 0.t.20 (0 ... 95), 
--' . . 

'C 4.0 0.Ô92.(0.96) le 0.128 (0.97) 

.15.0 b.072 ~0.97).1 0.094 (0.95) 1 

6.0 0.059 (0.97) 0.081 (0.9S) -
'\ ' 

0.2r5 (0.9']) 

0.180 (0.98) 1 
0.152 (0: 95) 1 
0.137 (0.95~ 

0.313 (0.96) l' 
0.2J!6t~.97) l' 

U_223 (0.97) 

0.3~(· (0.96)" 1 

'\ O. 2 (0.94) 
'" 

'~.:......_-"--~~ -\ _ .. - -- - - r"- -" -----~- ---------'-=--------~-----_;I 

, , 
'-- *Rate of destruction :: slope x -2.3~ 

, J " , ~. 
aCorrèlation coefficients (in parenthesis) are significant (p~-O.Ol) 

~ 
'"' 

b ~ , 
No data collected ~ 

C~ate èo~sta~ts bracketed by the sa~e iin~ are not s1gnifi~t1y differe~t 
. 1 }''''' , 
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Figure ~à. Rate of destruction' curves ~f'5-ÇH3~~4PteGlu in'buff~r with iimited 
oxygen .at 100°C. - .'Cor1;el~tion cO,efficients.' 0.97 at.pH 6. 0.97 at:- pH 5.,0.9"6 at piI. 4 
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Rates. of d!!struction of 5-CHrH4PteGll:l, at 'l,OOoC iri 9itrate 
buffers" in unlimited ana'lfmited ~gen _ ' 

- Rate c'onstllnts k " Cmin-1.) a 
, 

Unlim~ted 02 Limited °2 ' 

0.243 l ' 0.106 

0~192 '0.092 

0:110 0,~072 .. 
0.104 b.059. 

: " 

, , 
, \ 

aThe aata in th~' ;~llbl'e ~re ',t'epe/ited hete' to facilitate 
c'ol1lParis~n; 
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indicating 'that 5-CH3-H4Pt~G1u, desttu~iio~ ts r~lated to the oxygen 

content of the,system. This is in agreement with Chen,and'Cooper 

(19,79), who reported tliat at pH 7 in aque04s sO,lutiqn, 5-CH
3

-H
4
PteGlu 

lost littie activity through one hour of heating at lOOoC under 

nitrogen. Ruddick et al. (1980) reported that the degradation'of 

S-,~H3-H4PteGlu dep~nded on t~e concentration of dissolved oxY,gen. ' 
'-...'\, 

Monitoring the amount of oxygen in the system during degradation of 

, S-CH3-H4PteGlu in limited oxygen at ~OoC, th~y reported that, the amount 

of oxygen in the ~ystem decreased with time. ~s was taken 

\~., 

to indicate-

that an oxidation reaction was taking place,< 
/ , . , 

The Ea values obtained for the degradation of 5-CH3-H4PteG~u ~n 

limited and unlimited oJ(ygen 'are shown ,in Table 23. .The ,Ea values, at 

limited 'oxy'gen'were significantly lower (p ~ 0.05) th~n the valu~s 

obtained for the degradacion in unlimited' oxygen. These values suggest 

that the mechanism of the degradation reaction i9 n6t the same in the 

two cases. The mechanism and products of degra'dation)i S-CH
3
-H

4
Ptedlu 

in limited oxygen have not been identified yet 50 further speculation 

on this poi~t would be .premature at this Cime.' 

In spite of the lack of statistical significance it is curious 

th~t' at pa 4.0, lower values than at any other pH were obtainéd both 

in limited and unlimited oxygen. The significance of this dip 1s not 

known, and maybe more.accurate or précise future ~ork may dis cern a 

significà~t difference here. The activation energy of a~corbic acid 

has been shown to decrease to a minimum at pH 4:06 and then incteasing 

with pH (Lee et al., 1977) • 
..... 
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1 Activation energies for the degradation.ot 5-~H3-H4PtèG1u' 
in unlimited arid limitéd oxygen - , 

ÙnUmited 02 

-19.0 a 

17'.0 

19.8 

, 13.6 , 

11:8 

13.2 

13.3 

. aA~ti~atio~ ~nergy values ~J;'a'cketed by, the same, Une, are no>t 
significanely different Cp> 0.05). " 
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;i C-. Des-truction of PteGlu and 5-CH
3 
-H

4
PteGlu 

in model food systems 

Most workers reporting kinetic data pn vitamin destruction in , 

food sys~ems ~ave suggested that the data obtaine~ from model systems, 

may not be,applicable ta food systems. A good example is ascorbic 

acid. ~Ih buffer syste~s the activation energy for destruction of 

, _,asèorbic acid varies from 18 to 22.4 kca1/mo1e (Hue1in, 1953; Blaug 
) 

,- ~nd flajratwa1a~ 1972), whi1e in food s~~te.{l1s the Ea varies from 3.3 

kcail'mole in toma'to juice (Lee et al., 1977) to 45,keal/mole in peas 

(Labuza, 1972). 'Thi.amine' (Mulley et al., 1975) has a1so been shawn to 

ne more st;l.b1e' in food systems than in model systems., 

Ta study the des tructi,on of the two forros of folie acid in food 

systems the native Eolates must be removed from the ~aod systems. In 

solid foods usually water extraction is ~sed to get rid of ,native 

Eolates (Herbert, 1963). ,Use of heat ln acid solution, irradiation or 

treatment ~ith ,sulfite has been tried as means of removing folates from 

natural sources such as' liver extrac'ts and tomato juice seru~, but 

,tpese ,m~thods have been shawn not to be very effective (Daniel and 
, , ' 

Kline', 1947l.,: Sorne ads'orbing agènts such as activated 'éharcoals haye 

been 'shown ta be eEfec ti ve in removing folie a:cid from :tomato j uice 

(Daniel _an~ Kline; 1947) bu't thi~ could' not ,be us~d for'this study' 

because the juice pigments would a1so be changed and this was not 
c 

, 
desired. Dowex,l X 8 CCI')' has beeu.. used tO'remove folates Erom 

conjugase ?nzymes commonly used in standard procedures for assaying 

• 
- for folate.s - (Keagy 'et al., 1980; Sotiriadis, 1979). 
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Us_ing the procedure described ear-lier, it was poss ib le ta 

reduce the folate content in the tomatb juiee from 0.107 ug/ml to 
'>, 

0.01 ug/ml. This amount of folie aeid left in the tomato juiee was 

éonsidered negligible compared with the amount of folic aeid added 

to the ,syst~m. In apple juiee it was possible ta reduce the folic 

aeid concentration from 0.01 ug/ml to undeteetable levels. The 

possible reason the folie acid in apple juice cQuld be reduced to 

undeteetable levels but not the tomato juice could be due to the 

pr~sence of different forms of falate in eaeh system and also the 

tomato juiee oontainéd approximat~ly ten times more folie acid. 

1. Destr~ction of PteGlu in apple juice 
and tomato juiee 

The rate of destruction curves for PteG1u in apple juice and in 

tomato j uice' is shown in Figure 19 and Figure 20. ;~e correla~i6n 
.' ,(. . 

eo~ffieients ,at aIL temperatures tested :ange4 from 'û.9~ ta 0.98 for 

\ 
the apple 'juiee and from 0.89 ta 0.98 in,tomato 'juice. r:.inearityot 

\ 
1 

these eurves indieates tnat t~ermal deJlt'I:'uction of PteGlu \in apple 

juice and tomato juice could be described by ,first arder re/ction 
'... -- -_/ 

kinetics.' The rate constants increased with tem~eraGure., 

1 
rre temperature dependence for,P~eGlu destruction was further 

analy~ed ac~rding to Arrhenius equa~ion. Conformity of the tempera­

ture data to ,the Arrhenius 'equa.tion ~s shown graphicall}>',in __ Fi,gure 21. 
. 1 

The l'inearity of the plots supports the use of the Arrhenius equat:ion 

for expressing the temperature dependence of the reaction rate constants 

,for ~teGlu in mode1 food ,systems. 
- .-

, , 
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The activation energies as calcu1ated from the regression' lines 

in Figure 21 !.Tere' 20\:0 kcal/mole in' apple juice ami '19 . .1 kcal/mo1e ~n, 

93 

tomato juice. These two values are not slgniflcantly diff~rent (P > 0.05), 
.1 

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

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

PteGlu destruction in bu~fer systems at pH 3-4. 

C6mparing the rate constants in the food systems with chose in 

buffered systems at 1000e indicates that the rate of destruction of PteGIe 

( 1 
in apple juice (pH 3.4) 1s significantly lower Cp ~ 0.05) than the rates 

pf destruction.in citrate buffer at pH 3 (Table 24). Th!s was also true 

~or the rest of the temperatures tested. At 1000e the half life of Pt~Glu 

in citrate buffer 'at pH 3 was 4.78 hours w~ile the half life in apple 

juice pH 3.4 was 11.0 hours. At pH 4 in buffer system, the rate of des-
, ' . 

truc tian is still higher although not statlstiea11y different Cp ~ 0,05)1' 

" The rates of destruction for PteG1u in the app1e JULce have tO'be A 

viewed with some caution qecause the c~nned apple juiee eontained 

a~corb1c acid added during processing (3S'mg/100 ml). Chen and Cooper 

(1979) reported that ascorbic: acid has a proteetive effect on folate 

compounds but then the procedure used in preparing the apple juiee 

samp1e probabLy ~as enough to'destroy most of the as corbie acid 

present beforè spiking with folie add. SA it can be stated that the 

stability of PteG1u i5 higher in apple juiee than in buffered systems. 

This indicates the existe~ce of factors oth~f than heat and pH that 

ean modify the degradation teaction. Factors such' as amino acids, 

, 'proteins and starch have been reporte~ to have a protective e~fect on 

o 
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TAaLE 24.:' Rates' of destruCtion for PteGlu in citrat;e-1>uffers, pa' 3, 
4 and 5 and in tomato juice, pH 4.3 and apple'juic'e, pH 3.4 at 100°C 

Systêm 

Citrate buffer, pH 3 

. App l~ j u~ée "" pH 3'.4 

Citrate buffer, pH 4 

Tomato juice, pK 4.3, 

Citrate buff,er, pH' 5 

.. 

.. 
,Ratés of destructio~ 

k Ch -1) " 

" 

The' data for pH 3, 4 and 5 were obtained 'in this study. They 
are repe~ted here ta facilitate comparison. 
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thiawine CMclntire and Frost, 1944). According to Smock and Neuhert 

(1950) c~nned app1e juice con tains very litt1e amounts of protein 
, . 

(0.1%)" and no starch or amino ac.ids;- so such factors may not play ~n - , 

imp9rtant rote in stabillzing'the PteGl~. Renee, furthe~ work is 

,J required to quantify the variation' in kinetics 'as a function of other 

f~ctors sùch as product composition. 

." In tomato juice, pH 4.3, the rate of destruct~on of PteGlu was ' 

'not ~ign1ficantly different from that at pH 4.0 in buffer syste'ms, but 

it was significant1~ lower ~hc1rt that at pH 5.0 in buf,fer systems 
, 

(p~ 0.05). This ~ndicates that there is nQ difference between the 

tate,s of destruction" in the' buffer systemanô" in the tomato juice. 

In, the case of ~omato juice'data obtained f~om the buffer sy~tem coul~ 

be used to estimate destruction rates of PteGlu in tomato juiee. 

Comparing the two systems at 100°C (Table 24), the' rate of 
\ ' 
destruction in 'a~ple j uice at pH 3.4 is not sigilifical11;ly d~ffére~t ',' 

from the rate of destruction in tomato jl,li<:e, pH 4.3. This, suggests-, 

that in spite of the differences in com~osition of the two systems , 

(~ould, 197~; Smock and,Neubert, 1950), P~eGlu does not appear to ' 

react with the food components. 

'2., 'Destruction of 5-CH3-'H4PteGlu}n -
apple juice and tomato juice 

"-, .. 

au~ tomato juice are shown in Fi~res 22 and 23 respectively. The' ,. 

hlgh correlation coefficienls' (Tables 25 and 26) indicate that over --- --~\---

the temperature range studied the kinetics of 5-~H3-H4PteGlu 
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correl~' on coefficients; 0.99 at 100°C, 0.95 at llO°C, and Ù.93 at 130°C are significant 
(p> 0.0 ) 'and the correlation coefficient O~92 at f2l Ge is Si,nificant (p>' 0.05). 
The ~lop s of thè lines at 100 and HO°. 110 and 121 0 are not ifferent (p> 0'.05'-' 
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TABLE 25. Rates of destruction of 5-CH3-114PteGlu in tomato juice, 
" pH 4 "::;::d in' citrate buffers, pH" 4 "and 5 

System 

Cic'rate bùffer 
p~ 4.0 

To:mato juice 
pH 4.3 

0.192 " 

0.374 

Rate constants k (min-1)' 

.' ' 
, , 

0.318 ,:0.635 , 
, . 

',/J' ... 
~, ,6.7'92. " ~./ 1. 06,5 0.508 " 

,98 

,'" 

, Citrate buffer 
;pH 5.0 

0 •. 215 0.432 ,; 0,. 80S',' 

( 

" 

The rate, constants in citrate bu~fets pH,4 
h~t'e-. to facilitate comparis~n. _ ~ '.' 
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TABLE 26. 
(f .,' ,\'"" ' -1 

Rates of 4estruction,of'5-CH3-H4PteGlu in b~ffer (pH 3.4) and apple j~ice (pH, 1.4) ,(mi~ ) 

- Citrate ,buff.er 
pH, 3.4., 

App~e"juice 
pH 3.4 

~O'!G 

" 

0'.0148 (0.98)a 

0.123 ~(O. 96) ., 

Ci 

" 

60°C 70~C 

- -- -

0.022 (9.96) , r 0.036 (0.97) 

/ 

0'.193 (0':95) . 0:249 (0.97) 

~_ .. _-_._.- -_ .. _-_.-----

~C~rrelation cdeffici~nts· (in' parentheses are significant (p ~ 0.01»'. 

bActiva~io~ energies ar\~not ~ignificantly differént (p~,6.05). J. ' , " 

.. 
t:.. 

/' ~ 

. ~ : 

'6 
; , 

;, 

... 
t' 

{ , 

. , 

, b 
Ea (kcal/mole) 

9.58 

7.85 

.. 
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destructlon in apple juice ànd tomato juice were consistent, with first 

order kinetics'. • • "1 

~ , 

The destruction,of,5-ÇH3~K4PteGlu in'the apple juiee coula not 
, , 

be done at temperatures of ioo~c and above becaus~' ~he destruction was 

too fast to be- measured by the pres~~t technique.,,'Essentially 100% 

destruction occürred aiter i min.utes. 

In both apple juice, an~ tomata juiee, the rates of' destruction 

of 5-CH
3

-H
4
PteGlu incrèased over that obtainea,in comparable simple 

buffe,r systems (Tables 25 and 26).' The high :r;ates oJ' destruction could, 
'J • 

'. 
be due to, unknown, reactions between' the 5-C~3-H4PteG,lu and sorne of the 

,component~ of t'he ~ood sys'tems which could have acceler:~ted the 
'. , 

destruction' 'of 5-~3-H4 PteGlu. A~ple juiee cantains fruc'tose, glucose 

, '... and sucrose. ,on he,ating the apple juice one. would expec~ the sugars 

to be degraded~, and the degradati6n .was àe~uaÜy observed, especially' 

. at high temperatures, by br~wning of the solutionS. The high rates of 

destruction in apple juiee could then be due to.reactions between the 
-- 1 1 ., , '. ' 

degradation products of the s~gars and the 5-CH3~H4PteGlu. 

There mig?t .1150 be sorne reaction betwe~n thé NH2 group of the 

5-CH
3

-H
4
PteGlu and the reducing sugars, but che rate of such reaction 

.. ' 

would be expected ta be very 10w s~nce the system was qui te acidic 

, : CFennema, 19:76). 
\ \.. ~ --

Another reason could b~ that an important comppnent 

in ~he' food s~,~teln which could have stabilized the 5-CH3~H4PteGl~ 
" \ 

might have'Deen removed with the native folates during the Dowex 

treatment. \ More reàch' is reqU~red 'on ,this subject;' to bé ab'ie ta 

dot"",ino as to Wh) th~ rato •. of d~struction wo.e 80 ~in the food 

- systems.. ~~ , 

" 

\ 
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Activation energies determiI1È~d from' thé Arrnenius plot, 

(Figure 24) in 'apple juice and 'citràte buffer were 7.85 àild 9.58 

, , 

kcal/mole respectivelY. In tomato 'juice the Ea 'value (Figure 25) was" 
" , 

, 10.6 kcal/mole. The'se' three valaes weré not significantly different 
,{ , 

, ' (p ::: 0.'05) • These values obtained' for the destruction of S-CH
3

-H
4
PteGlu" 

, in the three systems suggest. that the mechanism' of' destruction i5 not 

, , 

,significantfY different. 
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CHAPTER V 

" 

" 

, ' , 

, ' , 

. \ 
Thermal dégradation o.f,"'pte'Glu and 5-CH3~H/teGlu in buffer 

,system~ and modl! food system~' could, be described by first arder 

reaFtion kinetics •. The t'ate constants increased with temperature a,n'tl 1 

the relationsh{p between rate constants and 'temp~t;a~ure cpuld bé 

descri~ed by th'e Arrhenius equation., Therèfore. kinetic data for 

thermal, destruction. of bath Pt,eGlu and ,5-Cll
3
-H4PteG,lu werè,obtained 'ln 

buffer and model food systems. 

, ' 

The activation energy for thermal degradation of PteGlu in 
, . , , , i 

buffer 'systems decreased with increasins' pH,' .indicating that the 

mechanism of inac_tivation 'may.be -differe~} ~e'P'e~din'g on pH . 

. ~ Tlie st~biti"" of 5-CH3-Hi.PteG:u ~~rç~.ased Ln nitfogen 
-.. .. 

atmospher~. This in4icates th~t the deg:radation o~ ~~èH3-Rt.?t'eGlu 

at cemperatures studied is due tg an oxi.dative pro~ess r,equirfng tlhe 
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The st~bilit~ of PteGlu was inc.reased i,n the apple juiee. This 

suggests the existenc~, of factors other than heat and \>~'(\l\'hieh can 

,affect the stability of ?teGlu. There -Wli~" no sign!ficant difference 

between the rates of destruction of PteGlu in,buffer system and in 

tomato juiee, therefore the dhta obtained hom buffet' systems can be 
J' • _ 

u!;led to estimate rates of destruction of PteGlu in tomato juiee. ' 

There' was no sign'ificant difference between the destruction rates' of 
f 

P-t~Glu in ,tomato juiee and in appl~ j~ce, sugges~ting that PteGlu 

destrudtion r~tes were not affected by the different comportents of the 

~o system~. 

The rates of déstruetion oZ 5-CH
3
- HlteGlu 

system were highe~ compared with b~ered s)~tems 
in ~he model food 

but the ac ti vation 

energies were not sigtlificantly di-fferent, suggesting that the mechanism 

of destruction may not be significantly different. 
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