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INTRO UCTI ON 

~ilk is sole na tural food of hum a n infant s for t he 

first few months of life. The nourishin of babi es on proc es sed 

~ilk is widely practiced in dev e loped countries. How ever, 

in under-developed countries the choice remains to use milk 

available from dairy animals as food for infants l ar gely due 

to higher prices of milk formulatfcns arid their low av ail­

ability. Accordin g to ford (1974) the br ast feed i n had 

certain advantaqes over bottle feed n • In that the 

former practice elimina ted t h e chances of infec ion an d 

made poseible th e rel a tiv ely hi her bioav ila ili ty of 

the nutrients present i" the milk. The pr otectin g agents 

aga inst infection were reco i nized (Ch endra, 1976 ) as metal lo­

proteins like lactoferrin an d tran ~ferrin in milk which act 

in combin a tion with spe cific antibo ies to check th gro • th 

of pathogenic organisms. 

Like iron, certain oth er meta l s like zinc and 

copper are al so foun d in complex form in the milk (Evans, 

1980; Hurley and ·. tonnerdal, 1 982). imil rly, some vit am ins 

thou gh micro-nutrient but of v i t a l i mp ortance, like folic 

acid an cyanocobalamin hav e been foun d to be present in bound 

form. These vitamin bin din g factors were identified as minor 

whey proteins with a capacity to bind added folic aci d 
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(ford et al., 1969). lt was further r e ported th at these binding --
proteins influenceF the growth and compo ition of ut micro­

flora (Ford, 1974). These folate-bindin proteins were, 

therefore, thought to perform mainly two functions: first, 

that they may act in mammary gland as trappin mech nism to 

accumulate vit mine from blood an second, that u seou ntly 

in qut of infant they may facilitate the ab~orption of 

vitamins. 

The vitamin-bin ing capacity was reported to vary 

among milks from different mammalian sp cies Ford anrl cott, 

1975). The hum an milk contained about o .3 ng of vitamin s12 

per ml and had the capacity to bind 80 ng ad ition 1 of 

vitamin s12 per ml. Cow's mature milk contained about 3 n 

vitamin 12 per ml and had little or no c ap city to bind added 

vitamin B12 • The milk from goat was foun to contain 6 ng 

of folic acid per ml as against SO ng/ml in human an cow 

milk. The mature human and cow milk could ind about 60 ng 

folic acid per ml (rord ~ ~., 1972). The report i not 

available for buffalo milk in this r gard. It appeared that a 

functional relationship exists in vitamin-bin in proteins 

an d vitamin content of milk. 

Little inform tion is vaila le about th e eff ct of pH 

on vitamin-binding activity of milk ( hitis ,2! !!.!•• 1969J 

r.ivae and utcho, 1975). The he a t trea tment wa al so foun d 

to inflict some loss in total folate content (Ghiti , 1966). 



Jenness (1974) found a wi e variation in the 

composition of milks in different species. The sta e of 

lactation was found to have added effects on composition of 

milk even from one species (Jones, 1980). It was observed 

that there is increase in l actose an fat content in hum an 

milk with increased lactation period. In contrast, there 

was a decrease in protein nitrogen, zinc and copper in milk 

as th e lactation advanced. ford.!.! 21• (1972) r e ported a 

sharp fall in concentration in goat milk during early days of 

lactation. 

In view of the above points, an interest was developed 

to have comparative study of milks from co , buffalo an d goat 

with followin objectivess 

i) estimation of free and bound folic acid in milk t 

different stages of lacta tion; 

ii) 

iii} 

to find out the total folate- in ding cap acity of 

milk at these sta es of lact tion; 

to study the effect of pH and heat treatment on folate­

binding capacity of milk. 
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PE VI EW Qf LIT ERATURE 

2.0 HI ST PY or f OLI C AC I 

~cC arrison (1 921) no ted thet monkey• ~a intained on a 

d i e t d e fici e nt in 'vi tamin~ · dev e loped diar rhoea an ~ a na e mi a . 

Lucy 'J illa (1934) r e cogni z ed th a t th e r e was" f a c tor i n yeast 

e n d crude l ive r e • t r e c ts but n ot in the r efin ed tyoes which 

u ould r e lie v e t r opi c a l ma c r ocyti c a n •amia . She r e por t ed e 

simil a r cl i nica l picture in mon ke ys on a poli shed rice , 

margarin e , f'ru1 t diet and sho•Jed th at sam e cr ude extr ac t s 

o f l i ver an d yeas t u oul d elimin a te t h e path ology . This 

fact or """ c a ll e d t he "'Jill• f a c tor • . ray~ ~· (1 938) 

in duced a syndr ome o f an ae~ia , l eukop eni a , d iar rh oea an1 

•tomatit i s in monk e y• . La t er , t h e y c a l led t his v i tami n .., 

de f i c i ency and r e coi nized t hat it wa s s imil ar t o sprue . 

5t ocks t ad an d "l annin q (193 8) descr i bed a grouth 

f a ctor f or ch i c ks uhl ch t h e y n a~ed v itam n u. Hoqen and 

Parott (1 93 9 ) r eported ob • e rvation a on a fa cto r uhl ch t hey 

c e l led v i t ami n qc an en t!- an ae~ic s ubstance fr chicks . ~nQll 

a n d net e r son (1 94 0 ) des c ribed e neu gro,, t h f a c t o r f o r lac t o­

b e cil li , thn La c ob ac illi ~i f oc tor . "litch • ll ~ ~· (1941) 

ob t ained th e substance in con c e ntrated for~ fr o~ de e p ~r e en 

l eaves. Thi s source s ug1ested t h e n ame f ol i c Qc i d . 
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~ fiffn e r (1 943) r e l a t ed f olic acl.rl t t he chi c k f act or, 

vitamin Be. folic ac id wa e ob t ained f rom live r an ~ wa s 

s ynth e siz ed by An gi e r.!!!..!!.!• (1 945 ) . Th i s r e port brouqh t t o 

succes sful conclus ion yea r s of sear chin g f or a f ac tor ne c essa ry 

for th e growth of man y s pe c ies of ani ma ls and micr o-or gani sm s , 

an d for th e prote ction of ~ a n, mon keys , r at s . ch icks a nd duc ks 

a gainst l eukop eni a an d ana emi a , " a y .!!! ..!!.!• (1 94 5) s uc ce s sfu ll y 

trea ted vitamin M de ficien cy in mon key s wi th fo lic ac i d . 

~c on it be c ame appar e nt th at Bl l t hese f actor s we r e one and 

th e sa~e substance. 

2 . 1 OCrt!RRENC: E ' f f OL! C .JIC I!l 

fol i c ac id is a ye l low crys t a l l ine compoun ~ t ha t 

oc curs wi de l y di s t r ibuted i n n ature , es oe ci al l y i n th e Qr een 

fol iage , hence th e n em e . The r i chest foo ~ source s ar e f oun rl 

in chicke n live rs e nrl v e ~e t a b l es such as aspar a ~ u s , hr o c c o l i , 

end i ve , lea f l e t t uce an d soin e ch . Live r , l eq ume s ann ot h 9t 

gr een-l eafy ve ge t ab l es a re good contribut ors o f t he vitamin. 

Milk ha s a ve ry low fol i c a c id conte nt a l t hou qh 

We lch a n d Wr ight (1 944 ) f ailed t o produce f ol ic ac i d de f i c ie ncy 

In r a ts whe n a milk di e t wa s used in con j unction wi t h a 

po orly .abs orbed s ulphon ami de such as s uccin y l sulph at hi az ol e . 

Th ey e ugqe s t ed that mil k contai ned a subst a nce its el f mi cr o-

b iolo ~ i ca l ly in activ e , whi ch s e rvarl a s growth f ac t or f or r at s . 
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Cooperman_.! !!.!• (1 046 ) obs rve th a t mil k 1.t1 as a oo 

source of monke y anae~ia factor. os t of this wa s pres e n t in 

the skim ~ilk and hardly any in the er a ; raw whey wa s also 

a good source of th factor. Milk, a s w 11 as live r and c r tain 

rains, were ~oo sourcee of t he R f c t or , 

but leafy materi a ls we , in en r a l, poor sources of both . 

~oo d corral e tion on anae ic monk ye an th ir eff ect on 

_tre ptococcus faec alis R, but corr l a i on was le sati f c t or 

with purified mat r i 1 • Ho rl son ( 949) co~ firme th e r sen e 

of a eon u ated f r m of folic c i , s s a in1 milk icro-

ioloqically aft r d i sti n with chi k p ncrea s conj u ase . 

The fol a t c ntent in th e sow an d uf f l o ~ il k w s 

apparently much lowe r than t ha t in hu . a n il k an cow's mil k , 

1.11hich contained about 50 n /ml (f or d t al ., 1 .. 6 9 ) . --
2 • 2 VI T Al'! I N 

a) rol a te er 

i) In l'l ilk 

etz an Herbert (1 7 ) obs e rved t ha t il k ha a 

ma xim a l bindin c apacity for p . ry l- lut a~ic ci and 

t h at t h e bindin q of f a l a te s i n il k w s str n r t h n in 

s e rum. ~ etz t a l . (1 8) furth r ~ i d th a t dextr an o t ed 

ch rco 1 r Pmov d pte r y l ut am ic cid o n to SPr um mo r 

rap i dly th n th t bound to skim ilk or hum n milk, thus, 
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confirmin that fol te was uch ore ti htl bo n in ~ i l k than 

in SPrum. t; tiitis et al. {1969) faun out tha t t he bin d i n of ---
folic acid in milk wa s a uantitative , r a id anrl irrev Pre ble . 

The s aid that teropteroic t etr ah rof~lic aci ds an 5- ~ - th 1-

t Ptrahy rofolic cid com e te with fol c ci1 for b in ng 

sites. for et a l. (1969) purifi d folate-bin~in p ot in --
fiom cow's ~ilk. ts identi as a rlistinct minor whey pr tei n 

was confirmed by c mparative sta rch 1 e lectrophoresis at 

various p values. ~vends en t al. ( t 97 9) isol a ted an --
characterized the folate-bindinq protein from c o •s milk. 

They o SPrved that mol cular ue i ht was 50 1 000 ~ 2000 and 

·it c nt a ine six i ulphide bridges an~ thre er cent 

ca bohy drate in the form of lucosamine resi u s. 

ii) In Serum 

e tz an d H rbert (1967) developed a coate char co l 

ra rl ioisotm e ilution assay for folic aci usin q dextran - 10-

coate charcoal. Th e bin in o f fol te in s rum was wea k r 

than that in milk. ~etz t al. (19€8) further studie the --
bindin of pterylglutamic aci by ski~ milk n blood s~rum 

usinq (SH) pterylrylutamic acid. Th bin rl ing was stron r in 

kim milk and huma n milk than th t in the ser um. Th ey ob ~e rved 

hat the binder in milk was in the phosphate buffer eluate 

which was not pres nt in the bloo rl s rum. a xm n an ~ch rei ber 
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{1973) r ported th t the scrum proteins were of t Jo ty e s th e 

hi h cap city, low a ffini y type ~ inly comprisin al umin, an 

the low c epacity, high aff inity, sp cific binders. The 

1 tter were a heterogen us r up of beta lobulins. 

:7am iero1.Jski and ner (1977) foun d three sep a r ate 

bindin proteins in cyto ol, one of 1.Jhich was i en tifi e as 
~ 

the 25, 000 ~y dihydrofol te re uctase, n fourth fol te-

binding fraction from mito-chondrie. fransci co et 1. (1 97 9 ) --
o served th t the b1nd1n sites for ~ethylfolate of the folic 

acid bindin protein in serum were fully s turated in ph y~io-

logic l state. olm an an Herbert {1 80) reporte th t out 

6 5% of the speci fie binders wer s tur te • 1 i ttw r nd 

a ner (1980) concentr ated their e fforts on th e mitochon rial 

fraction and o teined a 90 1 000 ~ protein. 

Holm .!.! .,!tl. ( 1 980) i sol a tad a cofactor fro"l wl-\ey 

of cow ' milk 1.Jhich was important in bin ~in of the fol ate. 

simil r cof ctor was lso demonstrated in ser a from . en, 

pr nent wom n an rl unblic 1 cords. ut they could not 

identify th!s cof ctor which miqht act es an overall modul ator 

of high ffinity fol te-bin ing. 

b) Vit min e12 inders 

r1nkler ,!! ~· (1967) comp ar ed the protein in hum n 
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milk which bound cyanocob lamin (vit min 12 ) with th t wo 

k~own cy nocobalamin - binding proteins in bloc seru~. Th ey 

observed th t in vitro bindin protein was also the main -----
bin~er of endogenous cy nocob a lamin. 

- amson !! !.!• (1980) repo ted th a t pepsin d ige s ti on 

had no effect on vit min 12 bindin c pacity, the a ility 

of Escherichia coli to take up the vitamin or the qro·· th -
inhibi or1 effect on a vitami 12 de en ent strain. ut 

pepsin h - lpe in r e le sin~ ron fr m milk n rl a li ~he~ its 

bacteriostatic e ffect. Trypsin rliqes i on on th e oth r h an d 

id not affect iron- in in or b ctPrio s tatic e ff ects attri-

buta l e to lactofe rrin. It sl i htl y re uce d t he mol cul ar 

ize of th e vit amin g 12 - bin d ing protein without r e leasin 

free vitamin 2· Vitamin 12 - bindin protein had no 

bacteriost tic role as lactoferrin in the bra st-fed neon a te's 

intestine. 

andberg ~ ,!tl. (1981) measure the cobal e min 

content of hum an milk, which vera to be o .87 n g/m1. 

They observed th at there wee no correlation betwe n the 

cobalamin content and its sup lementation. the milk was 

s n to have two types of binders, th t is, type bin er 

n trans obelamin II. The human milk w s foun d to contain 

ad ~uat amounts of co alemin which coul be ~ a e avail ble 

only if sufficient proteol tic enzyme were presen t to r le se 

it fro m bin in to R binders. 
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The vitamins ushered an w era in nutrition. t 

was one in which sm 11 thin~s in diet a s ume re t i mpor tance. 

The percent ge of bo y weight attri uta le to vitamin as 

minute. vertheless, the amount, even tho h smal _ , was 

indispensa le for norm 1 functioning ( il on~ _l., 1968 ) . 

The bindinq of vit min s12 an d folate in milk may b e dire c t 

nutrition 1 advanta e to the youn animal, but the influence 

of the · large excess of uns turated binder proteins oA the 

inte tinal miero-orq nisms mi ht be more important. Upta ke of 

cyanocobala~ in by pure culture of intestinal bact r ri a was 

inhibited by th e presence of sow•s milk (ford, 1974 ) . 

Eichner et al. (1978) could not find out t h e role ---
of fol a te- indin _ proteins but they r e porte t h a t th e pr oteins 

~1 ht be intracellul r which were r leased in o the s e rum 

s an index of ctivity of liv r cell . , ran ulocyt es n ~ 

erh ps certa in c nc r cells. 

ubiniff et el. (1981) suq este th a t folic acid 

b~n in proteins mi ht play a role in enteroh p tic 

circul tion of fol · t y irectin 1 non- ethy 1 t 

the liv r. 

f ol a t e s to 

. , 
...... ~.· 
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a) 9iochemical spects 

Nichols and elch (1959) showe th e inter-relation-

ship of folic eid with c rt in oth r vit mins, for ex ample, 

vitamin t2 and ascorbic cid. They reported that in th e 

ab ence of vitamin 12, redox potential i h t not be suitabl e 

for the conversion of folic ci to t e trahy drofolic acid. 

Ascorbic acid defici ncy might interfere with folic acid 

meta olism in simil r manner. on ers et a • ( 1 966) --
d~monstrated th a t the anti iotics usu lly t k n di not 

affect th folic cid a€tivit n th e rum n. '"'avi son 2!_ &· 

( 1 972) r eport th at t et r h r ofolic aci , which i s the 

active form of t e vit min, h ~ an essenti r 1 n m ny 

synth tic recesses in the bo~y . It acte a~ a c a rrier for 

one-car bon r di cles. Tetrah drofolic acid (TH f )- H= l .H, 

THr-rH20H an THF- H a re formed from th e eta olism of 

histidine, s r·ne an format respe ctiv ely an e ch of th se 

substances could b converted into THF - H3 • ~ach of th e one 

c a rbon ra~icles, whe n tt ched to THf, c a n be r ead ily detached 

end incorpor ted into other molecules. 1hus, THF-CH 5 an 

homocysteins yielde tetr hyd ofolic cid an m thionin e . 

~ thion ne ha an e ss nti 1 rol e in 11 trans~ thylation in 

th e o y. Te trahy r ofolic 

cid n p otein synthesis. 
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Co ts _L h ( 79 ) observed tha t pyrimid in e 

afted as an analo ue of foli!c acid as t he y notice th a t 

inhibition caused by pyrimi ines to certain ~icroo ga nis _ 

coul be reversed y folic aci d . ol~an an He rbert (1 9 8 0) 

comp ared the uptake of free an boun fol te by isol t ing 

the intestinal mucosal cells. They observe th t the xtr a c t ­

ion was more when the fol te was ound to milk folic cid 

bindin p oteins. Ru iniff et a l. (1981) suq,,este th t --
folic eid binding protein might pl y a role in e nteroheoa t ic 

cireul~tion folates by irectin non-meth yl te folates t o t h 

11 ver. 

bJ Physiological spects 

Hertz (1 948) emonstr t e d the i mpor t ance f folic 

cid for the aftivity of ce t in horm ones, for i nstance , 

estrogens had no effect on th e ovi ucts of youn ~ folic cid­

defficient chicks until fol i c aci d as iv n. 

reekul et 1. (1971) obs rv ed th t folic ci an --
folic acid bin ing protein concen t r a t ions were si nific n t l y 

lower in pre nant wom en th a n tho e of non-preqnant wo en. 

Th e o e rve t~ at ther w s a ir c rel ionship be tween 

th s e rum folic cid bin in prot i ns 1 vel n d th ~est tion 

period. 
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T amuta _!! -!!l • (1980) conferr d th t bre t-feed in 

\J :l s better as they observed th t fol t e levels in r eas t 

fed infants \Jere signific ntly hi he r. 

Eichner et 1. -- (., 981 ) coul not fin out th e role 

of fol a te-bin in prot ins but th ey r Pporte ha t the pro t i ns 

could be intr ace l lular which were r e leas d into th e s e ru s 

a index of activi y of live r cell s , ranulocytes n . p r h ps 

certain c ancer cells. 

c) Clinical Aspects 

Vitamin e12 deficiency ~ ight induce a sec ond a ry 

defticiency in th e folic acid co-enzyms eith e r by reducin 

the amount of folic acid or folinic conju ates converted t o 

folic or folinic acid , or the amount of folic cid co-enz y es 

formed (Swendseid .!! _!!.!., 1 947; 1 1111 ms .2,! .!.!•• , 50 ; an 

' ill.!!.!!•1 1959). e r. r zi a t a l. (t 972) r po rte th t --
there was e marked decrease in rate n a unt of o ~ id t ion 

of s-c14 serine to 14 o2 in hum n fol te deffici ncy. incus 

e t al. (1972) studied clinical s ymptoms of severe fol te --
efi ciency which resembled cl ssic l pernicious n e ia with 

neurolo ic l involvem nt ; me a lo l as io an a ~ia, im pairme n t 

of posterior column functions, ~sent r e fle~es n bil t r e l 

babineki signs. Thes s mptoms or a norm a lities were 

resolved wit~ folic acid therapy. 8 ard ( 1 974 ) s a i d t ha t 
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me thotrexate induced folic acid de fici e ncy whi ch coul no be 

prevented by giving a enine~hymine or bo t h in t he d i e t . 

Chandra she khar et al. (198 ) observed th t re2 • an f oli c --
acid in s e rum an haemo lobin v lue incr e a ed i women iven 

th P tables with iron 2 00 a n folic acid 500 n g . 

ne ed et al. (1981) r e por t e d th t co nc en t r t i ons --
of folate content incre s ed si nificantly on su pleMe nta t i on . 

Lewis et al. (1 982) correlated folic ci d defi ci ency with --
other vit am in-defic1encie lik vitamin • They o s e rv e 

th at a l t houqh ascorb ic ac id i not s eem t o be needed fo r 

normal f t a te meta oli s m, the lowe r ascor ic c i~ v a lues wer 

a s s oci a t ed wi t h fol a te defi ci e nc • 

2 .4 S .AV f'IE TH f' . 

Th e methods suita l e t o eetim t e fol i c ac id ay be 

rouped into biochemica l, ~icro iolo ic l a nd chemic 1 

procedure • • 1 n o a n 1 945} pres ente th e fi r s t 

techni~ ue to de t e r in e folic c i • · c ord i n to t he , th 

chicks we r pl ced on th e ba al i et un i l th ey b c ame 

an aem ic; th en s up l aments of folic aci d and test ma t r ial 

were d iniste r ed . L ter , am pbell t 1. (1944) dev e loped --
prophyl actic me t hod b s ad on rowth nd ana . ic r av en ion 

f or fou r weeks. 
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~icrobiolo ical ethods r e uire less prepara t ion th n 

chicks assays and are particularly we ll adapted t o sim ul taneous 

assays of several samples. icrobiolo !cal ~ e tho s a r e b s d 

on the observ tion that certain micro-or nisms rer uire sp c ific 

vitamins for gro• th usinq a basal m dium _complet in all 

respects except for th vitamin un er t ee , gro th res onses 

of th e organism ere co~pare quantitatively in stand r an 

unknown solu ions. In their ori in 1 ethod itch ell ~ !!.!• 

(1945) used Streptococ~ faecalis . which was lso use by 

lvehjem et al. (1944, 1945) who modifierl th e e ium in --
order to o tain re ter acid production an 1 thu 1 increase 

th titre. ird et al. 1 45 ) described a me thod of hydro-- -
lysing vitamin Be conjugate by l'fteans of vitam in c conju a te 

prepared from hog kidney or almonds; th e tot 1 folic acid 

was then estimated l'ft icrobiolo ically with Lac o .1cillus 

helveticus. Teply and Elvehj em (1945) foun d th a t th e two 

or nisms th t qave the best results an r ep ro uci ili t y 

n d so mostly u ed wer9 Lactob cillus c sei ~ nd 

Jukes and tockst 

c s e i ha th advanta e of re uir uch lower 1 v ls of 

folic cid for ma !mum rowth an , therefore , ~ore sensi iv e . 

~ k rand rrank {1967) mo ified the microbiolo1ica l ass ay 

for folic cid. 
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T ~ 

i) r.en tic and limatic 
~ 

~aeu .!! .!.!• ( 962) r porterl that th e v r age 

composition of the ilk of ~ifferent oecies varie d . C'he 

~ilk w s the richest in many aspects, followed b y th mil k 

of buffalo, oat an cow. The hi h-prote in an total -

sol i s contents of sheep milk and the hi h vit in C cont n t s 

of sheep and goa t milks indic te their sup eriori t y ov r 

other milk& but their yi e ld was v ry poor. Variation s wer e 

observed in individual cows an buffaloes, sheep a nd goat s. 

Ranqappa ·and chay 974) o serv ed m r ked e f f e c t on the 

yi e ld and compo ition of milk due t o change s in t empe r tur e , 

humi dity an precipit tion nd conse u nt differences i n 

the anim al's fo drler from se ason to se son. 

ii) Nutrition a l 

ook (1961) noted effect of pl n of nutri ion on 

olids-not-f t content. ver feedin ove a 

st nd a rd mi ht increase s olids-no -f t y bout o. 2S 

where s under feedin by 25 dec rease it y as much as 

o.4 - o.si . The effQct was primarily on protein content 

wi t h the r atest ch an a was observed in th pe rc en tage of 

casein. Rook and Line ( 96 ) observed some decreases in 
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l actose percent e ~ith un _r f edin1. ~arto (1 3) reported 

that the amount of fat in the r at ion ha little effec t on 

the fat content of milk although f atty acid co position of t he 

diet ry f a t did influence th t of the milk f at. ong and 

Oace 1975) found th t the feeds given to the dairy herds 

also affected the concentration n the p tt rn of fol tee 

in milk. Hi h folate concentr tions we e measu r ed in mi l k 

from herds which razed on reen pastures th n those fed 

with ry feed • rne d et al . (1981) notice that in mi lk --
th e conc ~ntr a tion of v ita in f' vita in 12 and folic ~ci 

incre sed on supplem ntat ion whil that of asc r ic ci d 

was not a ffect d . 

reekul et 1. (1971) r ported th t t ere was a --
direct relationship between the s erum folic acid nding 

protein levels an the gestation period. f ord et al. -- 1 97 2 ) 

sho~ed th t the fol te content in goat ilk h d fallen from 

210 ng/~l to 5 n / ml an d the folate binding capacity fr o 

6 0 n /ml t o SO n /m l y the thirtieth d y of l acta tion. 

ut th y could not t hrow ~ny 11 ht on th e concept t hat fol te 

bin ders acted s a trappin m ch ni sm that accuinulate free 

fo l t fr m th pl m into the ilk,. n les 1 ctose than 

1 ter milk. lts f a t content mi ht be higher or lower than 

norm 1 milk. Th total sol! e cont nt of eolo trum inight be 

ti h as 2 5 • Th c on tent of proteins synth sized y the 

as 
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qlan (c seine, ~-lact-o lobulin ~ - 1 cto l bumin ) mi ht be 

doubled t bout the i lact tion l evel, u t th e i uno­

lo ulins wer ~ resent i n av n h iqh e r 1 vels (upto 10%) . 

a lciu , m n esiu~, phosphoru , an chlori e wer res nt 

in hiqher cone ntration s in colos rum th an in milk ut h 

potassium concentr tion was lower. 

Freier en Eidelm n (1980) observed si nificant 

var1 tion in th first f ew d ys of lacta ion in hum an milk. 

The high prot in concentra tion in colostru wa ainl y due t 

accumulation of milk specific proteins (lactoferrin, a lpha 

lacteal umin, lg-A) durin l te pr e nency . Th l actose cont nt 

increased fro m 5 . 9~ o .5 g , by day 5 to 7. 3~ 0 . 4 j by 

the en of six months ; the ft content increased by 1.2~ 

0 • 7 g rn S b d a 5 to 5 • 5 .! 1 • 2 gm y si x months. The 

ot l hitro en an so a lso th protein nitre en decre sed 

3 .0+ 0.6 m /ml to 1.f + o . ~ m /ml - - n 2 . 5,!0 . 51 g 1ml to 

0 . 22.! 0 . 13 rn /ml r spectivel • 

Tamur _!.! .!!• ( 980) r porte that fol te levels 

in breest-fed inf nts wer si nific ~ntly hi h er th n in 

oth rs . They obs rve a correlation ntween folate 1 vels 

in br st milk nd in t he inf nts pl sm a . The fol ate 

activities of serum an red bloc cells decre a se fr om 

42 . n /"'1 an 633.0 n / ml at birth to 22 .4 n 1ml n rl 45 . 8 
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n /ml ft r si x week s in inf.ants . tt w s s een t ha breas t - f e d 
-

inf nts had lower fol a t e con t n t s th an bo t tle-fe d i nfan t 

( Smith fil ~., 1981). 

iv) Others 

Lumb !1 .!!• (1981 ) r eported t hat nitrous oxi de i nduced 

loss of folate from cer ta i n tissues like live r. Th is ga s 

affected polyglutamates to a grea ter e xtent t han monogl u t amates . 

In contr ast t o the tis ues, th e r e was a a rke d ri s e i n p l 3 s a 

folate on exposure to nitr us oxide. 

a) ffect of pH 

~hitis (1 96 9) found that bindin of folic acid was 

quant1ta ive , rapid, irreversible end not dependent on 

t mp r ature or p betwe en s.s a n s.o an d was calcul tad to be 

5 ng folic acid per ml of milk. 

rord (1974 r eported th t uptake of fre e f ol ate by 

L etob acillus ifidus was stron l y influenced by pH and wa s 

e t a maximum a t about pH 6 .0, wher e s upt a ke of th e f ol ate 

ad ed with go~t'e milk we e gra est et pH 6.6 an d declined to 

a low level et pH s.o and abGve. This higher availabili ty 

of the milk boun folate at pH 4.6 prob h ly reflected dis s oc i a­

tion of th folate-prot e i n com plex. 
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F rd et al. (1969) filtered a pr paration of fol t e- p otein --
in ephadex gel G25, eluting wi h ~uff r solu ion s of d iffer n t 

pH values. At pH 6 .0 and above, the folate was luted in 

the void volume to ether with the protein. t pt.i 5. 9, 

only f.1 % of the fol te emerged with the protein an d 39 % 

was recovered es free folate. t pH 3 . , only f r ee fol te 

w s pr sent in the eluRte. The dissociation ~ t pH 3 . w s 

reuerse on a justm nt of the pH v lue t 7.1 

r.1vas and r. utcho (1975) co~pa re th 9 n'1in of 

folic acid and N-5-me thyl-tetr -hy rofolic aci to milk 

binder in the pH r nge 7.4 t 10.1. t pH 7.4 , the r 1 tive 

affinities wer quite disperate, with folic acid showin 

the greate ffinity for mil k inder. s the pH was incre sed 

from 7.4 to 9 .3, the difference in affinities be ce es all r, 

and at pH 9.5, the affinities were~ nearly the same. s the 

pH was increased from 9.5 to 0.1 the relative ffinities 

g in began to diff r, with -5-me thyleterahyrlrofolic 

eid displayln th reat r affinity . 

b) Heat Trea tment 

,tiitis end nos a (1965) found th t autoclavin of 

~ilk ffect d the fol t activity of milk wh n they observed 

th t th folate activity d creased fro~ 56. 0 - 4S . o u /1 to 

14.0 to 22 . 0 u /1. 
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Lat r, ~hitis (19€ ) studied the effec t of 

pa teuriz ation anr rlry in ry of ~ il k . He found th at th e l osses 

of pteryl lutamic acid wer e consi era le in steurized nd 

dried milk than in fresh milk when boiled for five ~inut s. 

r.hitis (1967) r eporte that the fr ee fol te on oilin1 

or autocl vin could be protected by addition of ascor ic 

acid from adsorbin to charcoal. Ad ition 1 pter 1 lut ic 

acid could bind to fresh milk but no t to autoclave milk. 

freshm milk, in turn, w s unable to rebin d na tur a l fol a tes 

released on autoclavin but coul r ebin d pterylglutamic cid 

released by it. 

Areekul ~ ll• (1978) sug ested th t th e infants 

should preferably be breast fed ra t he r than bottle-fed 

s he obs ~rved th t folic aci in ing activit of hum an 

milk was 10.s nglml comp re rl to 17.9 1 1.23, o.07 an d 5.6 

n /ml in raw cow's milk, pasteurized milk, v aoor ~ te milk 

n condensed milk respective! • rows' milk was usu lly 

not qiven in r aw form. n pas euriz ion n rl st ri l"z t"on 

fr e folic acirl content reduce rl by 27 ~ an 9 j res pf'ctiv e l y . 

c) Others 

Holm et el. (1980) found methotrexate to be a --
we k inhi !tor of fol te bindin in milk s well as in 
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s e rum. 10 noth er impurity , N -meth lfol ate was lso an 

inhibitor of folate bind in g in milk and s e rum. Hans en ~ 21• 

(1981) s w th e biolo ic a l si nifica nce of r eac t iv Rt ion 

of purifi ed fola e- bindi n protein. Th e r eac t iv ati on by 

number of surfactants (ph ospholipids n synth etic de t e r ents ) 

c used a lower a f f ini of th e pro te in fo r fol ate . 
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S .o ANJl'l LS 

The animals were eel cted fro~ three s p ci e s 

ma intained a t National air Rese rch Institute, Ka r n a l 

iven as follows, 

i) Cows (Karan ~wiss) numb erin q 40001, 47, 42 , 290 , 

31 02 an d 2 36 • 

ii} uffa loes ( urr ah) nurn be ring 82 8 , 1382 , 1656, 56 8 , 

377 and 1097. 

111) ~ oats ( e et a l ) numberin 17 n d572. 

The rnilk s mples from cows a n buf f a loes were 

coll e cted at s.oo am while t hose of oat t 11. 00 am f rom 

the indivi uel anim a l. 

The sample (2 50 ml) from eac h anim 1 was c ollec te d 

in plastic ttlee con t a i nin 80 m ascor ic aci d i n th e 

for m of Tris-ascorbate buffe r (pH 7. f ) an stored a t - 2rf' 

until use for assay. 

S • 2 CH !"t It AL S 

Felic cid w s pur ch s e from i hemica l Company , 

u . ~ •• Th e folic acid assay med i , folic cid Inoculum 
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~edium ( .ehy rte ) an relic Acid Culture A r ( .ehy r a te ) 

were obtained from Hin dustan ehy rated edia, •Omb ay . 

Peps in (1: 3000) was obta in ed from . • •s La • he -

ndustry nd Trypsin (2000 units/g)from E. e rck. Tris 

(Hydroxymethyl) methylamine w s purchased from ~H Ch9mi c l s , 

England. All other chemic als used were of n l y ic 1 ~ra e. 

1) folic acid Inoculum e ia ................... ...-...... ____ ......,.....,______~ 
The composition of th e ~edium w 9 as follow : 

Compounds guanti t~ 

ifco pep tone 5 g 

if 0 Ye as t E' x tr ct 1 g 

Anhydrous ~lucose 10 g 

Anhydrous sod i ·um .Acetate 0 g 

~alt solution A 5 ml 

c:: lt solution 5 ml ..., 

The above ingredients were issolved in 2 0 ml of 

water. Th e ~ pH was djusted to 6 .8 with 1 

then diluted t 500 ml. 

a H nd w s 

ii) fOLIC A EC:: ) 

The composition of thi medium w s e follow 1 
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ompounds uan ti ty 

nhydrous lucose 2 

eptone 1 

Cy stein 1 00 "' 

Sa l solution 1 ml 

Sa lt solution 1 mi. 

I g r 3 .s CJ 

11 th e inCJre rl ients except aq ar WE!'ft dis so lv d in 

approximately 150 ml of water. The pH was adj u ste to 6 .8 

n d the volume was made upto 20 ml. gar was add ed an d t he 

mixture was steamed until a ar was d·ssolve • 

of KH2 P04 dissolv ed in 500 ml of water. 

:alt : elution s- The followin q amounts of s alts 

were dissolved in 500 ml of w ter. 

iii) 

~ a1nesium sulph a te 
( 5047H 2 0 ) 

S o ~ ium chlori de (N 1) 

Ferrous sul h t e (F e:.04.7H20) 

~ang n se sulph te 
(Mn :o4 • 7H2 0 ) 

1 o.o 

o.s g 

o.s q 

o.s 9 

f olie Ac! Assa y edium ~ sal Medium) -
This media is devoid of folic acid ut contains 

11 essenti 1 nutri ents, amino ci s n vit mins for the 

grow h of treptococcus fa e c its TCC 8043 . The composition 



of media is as follow s 

Compounds 

Acid-Hydrolysed casein 
solution 

Adenine-~uanin e-Uracil 
solution 

Asparagine solution 

anganese sulphate 
solution 

olysorbate 80 solution 

alt solution 

Tryptoph n solution 

Vit am in solution 

Xanthine solution 

Glucose, nhydrous 

Glutathione 

otassi um phosphate ( ib sic) 
nhydrous 

arium Citrate 

26 

Quantity 

25 ml 

2.5 ml 

1s.o ml 

5 .o ml 

o.2s ml 

s.o ml 

25.0 ml 

so.o ml 

s.o ml 

0 • ., 9 g 

1 o.o g 

0 .0013 g 

1.6 

1 3 .0 g 

11 the above ingredients were mimed in water an d 

!luted to a volume of 250 ml. The dehydrated media 

m nufactured by the Hindustan ehydrated ~edia , ombay, 

was used throu hout th present investigation. 
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3 .4 OR G :/~N l SM AN 

The micro-organisms, Streptococcus faec li s TC C 8043 

wa used for th e assay. The pure culture was obt aine in two 

tubes from th e !vision of nair y Ra cte riolo gy . Thi s cultur e 

was kept in the r efrig er t or un der aseptic con di t ion t il l 

further us e . After a week, thi s culture wa s tr ansfe rr ed t o 

th e enriche d cul t ure me di um ( ro t h ) 1 incub t d at ~7°r 

( + o.sOc) for 18 hr s . an th en transfe r red t the Enr iched -
qer ~ edium for s t ock culture. urin g transfe rrin g of th e 

culture s th e followin q pr ec autions were obs e rved str ictl · • 

i) One stab culture was reserved unopen ed for us e in 

the pr e p~ra tion of subse uent stock culture stabs. The 

oth ers were us ed in th e pr epa r a tion of noculum. They we r e 

not more th n on e week old and sterile techni ue wa s 

obs e rved. 

ii) hen ever th e stock culture had not been us ed f or 

s e ve r a l wee ks or month s , new culture w s ob ta ined or r ev i ved 

the old one by makin g da ily success ive stab tr an s f e rs f r at 

l east three day s be fore pr eparin the inoculum. 

s.s 

The s tock cultures wer pr epa r e d as exp l ined e r li r. 
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The ssay procedure for folic cid was use d as descri ed 

by freed {1966 ). 

Preparation of Inoculu!?!J. The ce ll s from th 

stock culture were transferre d t a st=rile tube of 

enriched cul tu re !Tie ium (a lso kno .1n as broth) an r-4 incubated 
0 

for 18 hrs. at 37 c. The clear solution turn e turbi d 

indica ted th e gro• •th of t h organisrn. This was t hen 

transferred to a sterilised centrifuge tube plug ad with 

cotton. It was centrifuged a t 5 1 000 rpm for 15 min. 

The supern a t nt was decanted and th e ce lls were 

resuspended in 10 ml of ste rile iso t onic sodium chloride 

(0.9%) under a septic con ditions. This susp nsion was 

again centrifuged for 15 min. The cells were washed in a 

simil r mann r for 3-4 times so as to remov e th e tr · ces 

of media completely. Lastl y , the c e 11 s wer resuspen ded in 

10 ml of saline solution. The u r pen ded ce lls wer e us ed 

for furth e r inocul ations to ssay folic cid. 

3 .6 

tock solution of folic Acid: issolved !00 mg 

of folic cid in 0.01 N Na OH in 20% ethanol an made upto 

one 11 tre. The~olution wa s covered with few drops of 

tolun e and stored in da rk qlaas bottle in refriger ator. 
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.. 
orking solution of relic Acid ne 11'1i l li itr 

of folic cid stock solu ion was diluted to 1 litre in a 

volumetric flask. Further 10 ml of this solu t ion wee made 

to 500 ml. The final solution contained 2 ng( rn illimicro r am s ) 

of folic acid per ml. 

a) The different volumes of workin standerd f lie 

cld i.e., o.o, o.s, 1.0, 1.s, 2.0, 2.s, a. o 3.s. 4. o , 4.5 

an s.o ml ta1ere taken in duplica te test tubes. 

b) ! ufficient water was added tobring tne vol um in 

eech tube to 5 .o ml. 

c) Then to each tube, s.o ml of folic eci '1 ssay 

medium (basal medium) was ad ed. 

d) 11 the tubes were luQr:ted with cotton an st r l ize 

in an autoclave at 15 1 • pr ssure for 15 min. 

e) The tubes were br ~ught to roo11'1 temp r ~ ture an they 

were inocul ted wi h the help of sterilisen pipettes 

under aseptic con itions. They were then put for incub tion 

at 3?0 for 72 ho-urs. 

f) The content of each tu e WAS transferred to a 

· rlenmeyer fl k. The tubes w re a a in r nse with 10 ml 

we ter and content w put in flask. ft r in 0.2 ml 

of 0.1% bromothymol lue th content w e titr at d with 

0.1 N Na H to determine the corresponding mount of lectic 

cid produced. 
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S .'1 AS ·AY Of f LIC RC I LES 

a) efattening of milk samples 

The milk was defatted as described by se n 

ri ottle ieb (1959). An li uot of whole milk (1 5 ml) uas 

t aken in raduate d measurin cylin der. bsolut lcohol 

(15 ml) was added t the ~ ilk and sh ak n v i1orou l y . It 

was follow ed by ad dition of 2 0 ml diethy l t h r an ain 

shaken thoroughl y . The content was kept for 15-20 min. 

The upper 1 yer so sep rated conta inin eth e r an f a uas 

remove~. The defattening of milk s ample wa s done by add in g 

ether repeatedly so as to make the sa ple fre e f r om f a t. 

b) igastion of milk with pe psin en d tryps!!!. 

The defetted milk was subjected to digestion to 

liberate folic acid enzymatically by the action of pe psin 

end trypsin as described by ford (1974). 

To 5 ml of defatted milk sa ple, wer ad ded 10 ml 

of o.t !'I nd HCi to brin the pH to 2 . 0 of th e sample. 

~ r m illi rams of eryst llired porcine pepsin wer then 

8 ded and con t ent u s stirr d. rhe mixture us e incu t rl 

0 
for 90 min e S'I u i th occ seio 1 ewi rlin q . Th e diges t 

w s then brou~ht to pH .e y d i t ion of 1 a H an d 

diluted to 40 ml. A portion of this pepsin d igest wee 

further digested with trypsin ea followaa 
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To 20 ml of th e d ges t wer e adde 50 mg rar l 2 an 

1 ~ NaOH to pH 8.2 an 16 mg of pr e par a tion of crystall ized 

bovine trypsin. The mixture we s incuba ted for 15 minu te s 

27oc H at g and its p w s a ain st a justed t o 8. 2 b y a dition 

of 0.1 NaOH. Incubat ion w s c n t inued for a furth e r 105 

minutes with occasion a l swirlin g . 

c) Assay of fol c · cid 

1) The desired aliouots of di gested milk samp les 

r angin g from 0. 02 ml t o 2 ml we r e taken in different t ubes. 

The content of t hes e tu bes was brou ht to 5 ml wi t h distilled 

water. five millil i tr e s of f olic a ci d as s ay me dium wa s th en 

adde d to these tu~es rna ki n tota l volume to 10 ml. 

ii) C. teriliz ~ tion 

a) The contents of each tube was mixed thoroughly. 

The tubes wer e plug ed with cotton nd wer a ut oclaved at 

15 lb. pres c:: ure f or 1 0-15 min. 

U.i) 

e) All the tub es were cooled t room tempe r a ture 

b) Ea ch tub e was inocul tad with 0.2 ml of th e inoculum 

aseptically. 

iv) Ti tr tion 

a) The contents of e a ch tube was tr ansferred to a 

rlenm eyer fl as k. Th e tube w s rins ed with 10 ml of distilled 
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into flask. · bout 0.2 ml of 0.1 % bromothymol blue was added 

and the content was titrat with 0.1 aOH to the end point 

with is ea-green colour. A flask was kept for a reference 

colour for about 10 titrations and then substituted a new 

flask. 

Calcul tions 

a) A standard curve was drawn by plottin 

0.1 Na used in titr ~ tin the standard tu~es a ains t nq of 

folic aci er tub in the stand rd series. 

b) The folic cid content of the tu es in the unknown 

series was det rmine by int ~ rpol tion of the titre va lues 

on the st ndard curve. 

c) The folic acid content of the test sa~ple was 

c lculated from the aver ge of the values for each ml of 

test samples, which was obtained from three sets of the 

tubes. 

3.8 ~EA S EMEN T OF fDL ATE ILK 

To me sure the folic acid bindin cap city of the 

~ilk sample, folic cid was added to the defatted ~ilk in 

excess an then dialysed to remov the e~cess folic acid 

as described by Ford~.!!• (1972}. 
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To 1 ml of sample added 2 ~ 1 of uffe r solution 

{pH 7 .2) containinq o.1s fW1 cl, · .02 • -sod ium phosphate 

nd 0.001 l"l ascorbic acid an d graded amounts ( 50 _,aoo n ) 

of folic acid dissolved in 1 ml of uffer. The c onten t 

wes incub ted for 2 hr under cold con di ions. This 

mixture was then transferred to dialysis s c. an ~ i a l ys ed 

for 48 hours under cold cond itions against e i ht suc r essi ve 

portions of buffer. Th res' dua l fol t e ac tivity in t he s a cs 

was then ass yed in the simil r m nner as de scribed. 

3 .9 E:f f" E:CT or IV1 1LK 

1 ) In order to s t udy the effe c t of pH on 

bindin g of folic aci d with mil k , th e buff ~ rs of differ ent 

pH were pr epared as follows : 

a ) o. os ~ citrate buffe r (pH 3.5 - s. o ); 

b) 0.02 ~ phosph a te buffe r (pH 7.2) J 

c) o. os l'I Tris-HCl buffe r (pH s.o - 9. 0 ); 

d ) o.os Carbon te ic a rbona e uf f r (pH 1 0 .0). 

The milk sam ple (5 ml) ·was br ou ht to desire pH 

by ad din g Hf l an d Na H. Th e content w s dial ys e d ov r ni ht 

a ain s t buffer of pH a s mainta in s for th e samp le. ~fte r 

di lysis the pH of milk sample w s brought t o 7.2 nd 

s sayed for folic a cid content. 
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ii) Heat treatment 

To study the effect of heat trea ment on fol te 

binding activity of milk, the milk samples fro three 

species were treated as follows : 

a) The milk sample (50 ml) was kept at ?S°C for 

15-20 sec. which is known as Hi h Temper ture ort Time 

{HTST) trea t ment. 

b) In another experiment the milk sample 50 ml was 

boiled for 5 min an th en cooled. 

·After giving above treatments the folic cid 

content in these samples was determined as described. 
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4 .o rOUlT ONTENT Of MILK I 
-ST AG£ OF LAC T Utt !lN 

The folate content was estimated in the milk collected 

from cows, buffaloes an goats at v rious stages of lactation . 

a) Cow -
The re Eults are shown in Table I and fig. 2. The 

highe t concentration of folic cid was obtained on th e first 

day of parturition. The total content ranged from 60 - 226 

n g/ml. There was gradual decrease in total folate content 

with increaae in l actation perio • On day 55 ft er p rturition, 

the values for folic cid ranged from 43.6 - 82. 0 nqlm1. The 

bound and free forms of folie acid were also determined at 

these stages of lactation. n an avera e, the total free 

form was found to be 95 ngllftl ranging from 40.0 - 181.3 n g/ml. 

The boond form of folic acid was obtained in the range from 

20.00 - 56.0o ng/ml on first day of lactation. The simil r 

p ttern, as observed regarding tt'l e radual decrease in total 

folate, was alee found with re rds to free and bound form 

of folic acid. Out of the total fol te content at v rious 

st gee of lactation about 28 - so• was in bound form and 

70- 72% was present as free form. There wes a si nificant 



Table I. rolic acid content in cow milk at various stages of lactation (n g /m1) 

"18~ a e~ l~f; i!a¥ ff;tfi a 24th d n1111. 
!\lo • !!'ree ~ound Tota l flree Round ·atal free 

4001 1.81.H 4S.S3 226 .66 129.60 20 .40 1s0.oo '15.60 15 .'IS 91.35 '11. 30 18.90 90.20 6 9.20 16 .40 85.60 t' 9.,o 1 2 .60 

4'1 40.00 20 .00 6 0.00 44.SO 15.'10 6 0.00 30 .70 20 . 2 0 S0.90 30.'16 15.S4 46.10 29.50 ts.so 46.00 l'9 .00 14 .60 

290 48.00 u.oo eo.oo H .60 20.91 72.51 49.50 18.50 6 8.00 47 . SO 13 .'70 61.00 46 .so 13.'10 60.20 ~ 4 .40 11.9S 

8102 96.oo 56 .oo 152 .oo e2.oo 24 .oo 106 .oo '12.00 20.so 92.50 66 .oo 14 .90 80.90 59.00 11.ss 70.SS ~ . 0 .60 25.15 

42 101 .H 42.€'1 144 .00 125.90 2S .60 149.SO 6 8.50 21.es 90.S3 69 .40 21 .90 91.SO 59.90 20.4S ao.1s f o .ss 19.67 80 

2se 1os.20 55.eo 12 e .oo '12.31 21.69 94.00 61.60 24.&S 86 .ts 60 .90 20.00 80.90 52.80 1 '7 .11 69.91 s o.at 16 .69 67 •' 

Total569.86 221.eo '791.66 505.'11 1S4.SO 6 40.01 S57.90 1 21.st 479.21 345.66 82.84 450.44 516.90 94 • 4., 411 .17 '2 94 .16 

Av• 94.9'16~. ~ 1s1.94S 8'.28122.sas1 <li.668 &9.6&0 20.218 79. 868 57.sto 1s.00'7 75.066 s 2 .816 1&.745 s e.&29 , 9 • 106 



f i • I I 

f ol ate content in cow milk t 
v ~rious sta es of lactat ion 
(n q/ml) 
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fall in all the forms of folic acid during first week of 

lact tion. There appeared ~ r elationship between folic acid 

content and age of the anim a l which was evident by obtaining 

highest value in the milk from youngest animal. This was 

simply an ob ~ ervation an c n a uth entically be claime d when 

more studies are done in this regard. 

b) uffalo 

The results for folic acid content in milk from 

buffalo h av been shown in Table J an ri • 5. Th e total 

con tent varied from 32 - 80 ng/ml on da 1. Ther 0 was a ain 

a gradual decrease till day 55, ft e r parturition where the 

values were recorded in the range from 25.5 - 50.6 ng/m1. 

Simil rly, there w s a decrease in free and boun form of 

folic acid as the days advanced after parturition . In case 

of buffalo milk folate, there was 4o.7i bound folate and 

about 59% free folate, on first day of l ctation. Approx!-

mately, imil r r a tio bstw en bound an free form was 

maintained on day 55 of parturition. rrom day 1 to day 55, 

th e total content of folic acid declined from 54 .6.! 6 .6 to 

~7.7+4.5 n /ml -
c) Coat 

The folie cid content in go t milk have b e n given 

in T ble I I nd Fiq . 4. The -tot 1 folic cid content on 



Table It . f olic acid content in b uf fa l o milk a t v a rious stages of lacta tion {n g/ml) 

Ant~. tat daa 8th da¥ 16 th da~ 24th d e~ 4oth da~ SSth da~ --o. r'ree ! oun ,.ota i F"ree ~ oun a · oi a I F"rae ~ oun d Tota l F"rea lhoun a Tot a l F'ree ~ curia TotaI rree l'J ouna Tota\ LI 

•SE 211°.20 so . so !(; .oo 24 . 6 0 19.'1! 44.ss 22 . so 18. 41 4 0 . 91 20. 60 1s . oo 35 .60 2 0. 20 1 4 . 80 35 . 00 1e. so 14~as s s .33 11 
109'1 29".6 1 14 .• 41 44 .14 2'1 . 50 s.so 3 3 . 00 20. 90 9 . 79 30 .6 9 20 . 83 9 . 8'1 30 . 1 0 19 .6 0 '1 . 30 26 .90 19. 50 ., .11 26 .61 a. 

! 6 8 se.12 21.18 6 0.00 1rn . 50 19.150 s8 . eo S1 .oo 19.50 s o .so 3 0 . 66 16 .24 46 . 90 23 . 00 21.so 44 .so 2s . 10 1a. 4 9 • 1.s9 H 
37'1 24 .40 ., .60 32 . oo 22 .70 e . 10 so . so 21.so 4 . 90 26 . 2 0 2 0 . 06 6 .18 26 . 2 s 21 . 00 s . oo 26 .oo 20.eo 4 .9o 2s.so 

15815 S8.61 17.28 s5 . ts S5.50 3 . 40 38 . 90 2 8 . 66 2e . oo 56 .66 19. 6 0 3 5 . SO 5s . 10 20 . 00 29 . 19 49 . 19 18.93 29.98 4 8.91 
1828 86 .00 44 . 00 80. 00 S0 .65 29 . 70 6 0 . 35 25 . 90 34 . 4! 60 . 33 17 . 00 35 .66 62 .66 15 .60 34 .73 so . s3 16 . 90 SS . 66 60. 66 
Totalt 92 . O! 1~ .Ol6 S28 .0f:6 180. 45 es . 'ls 2e e . 1e 150 . 26 11s . os 2s s.29 12e. 14 11e. 45 246 . 69 11 9 . 4 0 112 . s2 2si.11 117 68 1 • oe. 97 2 26.&0 
Av. s2 . 001 12.6'14. 54.678 so.0'15 13.28e 47 . 6 96 21.045 19.110 44 . 21s 21 . 456 10. 142 41. 09 8 1 s . eoo 1 8 . 1 20 sa.6 80 19 sea 

18 • .162 37 .. , 6 ( 



Fi • II! 

f ol a te content in buffalo milk at 
various stages of lactation(n /ml) 
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Tab le I!! . folic aci d content i n goat milk et various stage s of lactatl on(nq/•l) 
1' 

~nim . \et d ~y 8th day 16th daV 24th da~ 40th day &6t h 
No . rree ~ ound Total f're e Bound Tota l f' ree Bound Total F'ree eoun Total ffie Boun d t ota l fr ee Bu .... _ 

1 '7 205 . 31 5 5 . 6 '7 26 0 . 9 8 1 2 3 .E 0 59 . 98 183 . 58 26 . 80 18 . 59 45 . 39 16 . s o 2 . 35 18 . 85 4 . 25 2 . 13 6 . S8 4 . 16 

3 '7 2 243 . SO 53 . 36 296 . 86 '76 . 91 2 4 . 1 8 1 91 • 0 9 1 9 . 89 11 . '76 31 .65 6 . 86 2 • '7'7 9 .63 3 . 76 1 . 90 5.66 s . 02 .. . 
Total 448 .81. 109 . 0~ 55'7 . 84 200 . s1 84 . 16 3'74 . €7 46 .69 30 . 35 77 . 04 16 . 36 s . 12 22 . 48 e. oo 4 . os 12 . os 7 . 18 1.1 

llv . 224.405 54 . Gt; 2 '78 . 820 100.255 42 . 080 167 .135 23 . 34515 . 175 38 . 520 8 . 180 3 . 100 11 . 240· 4 . ooo 2 . 016 6 . 01 5 s . seo 2 . oos 

I 



Fig. IV 

relate content in goat milk at 
various stage s of 1 ctation(ng/ml) 
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first day of parturition was foun to be 278.92 n /ml. L ter 

on, there wa a drastic fall in total folate for which the 

value was obtained as 187.34 n glml on day 8 aft e r parturition. 

On day55 1 the aver ge value for total fol a te r emRi ned only 

5.6 0 ng/ml. Like th patterns of f a ll in folic ci content 

obtained for cow an buffalo milk, the oa t milk sample s also 

exhibited similar p ttern. ln contrast t o th extent of b Jund 

folate shown by cow an d buffalo colostrum, th e -goat colostrum 

conta]ned only about 19% bound form of folic aci • Unlike 

cow and buffalo milk, the bound form of folic acid appe ared to 

be increased randomly with the increased period of lactation. 

n day 81 day 16, day 24 1 day 40 and day 55, the values for 

bound folic acid ~ere 22 .45, 38.96, 27.27, 35.00 an 35.71 

respectively. 

It is quite evident from Table IV nd fi g . V th t all 

three species have shown a similar trend for th e f a ll of 

folic acid content from day 1 upto day 55 after parturition. 

All the species also pro uced hi hes t concentr tion of folic 

acid in colostrum nd lowest in th milk secr e ed on day 55. 

However, th exten t of fall in folic acid content wi th 

increased 1 ctation period is quite different for all the 

three species urin early period of actation. There wa s a 

slow decrease in folic acid content with incre sad l ctation 

period incase of buffalo milk samples . E"ompar ativel .' J 



Table IV . Comparative v alues of folic ac id content in milk from c ow , 
buffalo and goat at v arious stages of 1actation (ng/m1 ) 

Sp e cies 1st day 8th day 16th day 24th day 40th day SSth day 

O\d milk 4 131 . 943 106 . 668 79 . 868 7 5 . 066 68 . 528 56 . 546 
+ 24 . 0842 + 16 . 3107 + 6 . 8801 + 7 2973 + 5 . 927 7 .;!: 6 . 0085 - - - - . -

uffalo milk• 54 .678 47 .6~ 44 . 215 41 . 096 38 . 680 37 . 750 
+ 6 . 57 93 ~ 4 . 57 82 + s . 6 934 + 4 . 9519 + 4 . 4376 + 4 . 461S - - - - -

oat milk•• 278 . 920 187 . 335 38 . 520 11 . 240 6 . 015 5 . 595 

• Aver age of six oh se rv ations~ S ~ 

Ave r age of two obs e rv ati ons . 



Fi q .V 

f ol ate content in milk from buffalo 
cow an goat at v r rious stages of 
1 ctation (n /ml) 
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there w s si nificant fall in cow's ilk folate during 

early lactation. t the same time, there tJas drastic fall 

in folie cid content of goat milk on day 8. ft r da 24 

onwards, all the three species showed - simil a r decline in 

folic acid content which was almost a steady rate in fall. 

ford et al. (1972) r ported a comparatively high 

concentration of folate in goat colostrum which r ange upto 

about 500 n /ml. It fell sharply durin early days of 

lactation n by day 14 average only 9.5 n /ml. Th ey also 

reported a more extrem contrast between the folate concen­

tration in colos t rum an mature ~ilk. In human milk, the 

pattern was norm ally different; the folate concen t r tion 

was low in colas rum an im ature milk an increase to a 

ustained hiqh lev 1 round 150 n /ml in rn ture milk. 

Among 11 the e species, the hi hest concentrat ion of 

folic acid was found in o t colostrum (278.92 n /ml) which 

was follows by cow (132.0~l4.00 n /ml) an buffalo 

(54.68_t6.60 ng/ml}. wamin than (1 74 ) reporte that 

cows m ture milk conta ined 85 n /m l total fol a te, out of 

which 29 n was in ound form; uffal o m tur milk conta ined 

5 ng/ml, out f which 25 n wa n bound forrn. ince the 

nimals wer maintained on routine eeding sche ule, the 

drastic difference in folic acid content of colostrum from 

thr e species may no t be due to feed. t appe rs to be a 
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physiological event for accumulation of folic acid by all the 

three species where oat has highest capacity. It ~ay be that 

th e marked difference in folic acid content is due to enetic 

variability among species. 

ifferent theories have been put forward re rding 

the fall in folic cid content of milk with increase l actation 

period. ford et al. {1972) -- propose tha the ra i fall 

in milk folate concentr ation durin the f ew days fter 

parturition mi ht be lar ely attribut ble to dilution of th 

initial folate content. fte r parturition, the milk was 

secreted t a f a ster rate an d its folate content ight be 

limited by the av ail ility of free folate in the pla ~m , or 

by the r te at which plasma folate taken up in t o the milk was 

replenished fro ~the body stores. Another possibl e expl an ion 

was that there was a c rrespondin f all in th e content of 

folate bindin protein in milk, an therefore in the cap city 

of milk to accumulate the folate from blood pla m a inst a 

cone ntration gradient. 

n c mp rin g th v Iues of bound folic acid in milks 

f m c o , uffalo an~ oat, it c n be o rve Ta le V ) 

tha o t colostru (54 .5 n /ITll) bas boun folate mor than 

cow an uffalo colas tr um. uffalo colostrum contained 

lO\J S oun fol te (2 2 . 7 .! 5 .30 nglm1). n day 55, cow ilk 



Tttble V. 
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Comparative values of bound folic acid in milk from cow• 
buffa lo and goat at v a rious stages of lactation (ng/ml) 

1st day 8th day 16th day 24th day 4oth day 

36 .966 22 .38! 20.218 13 .807 15.745 
+ 1 o.2a4 - .! 1.709 ,..t 1 .214 .:!: 4 .960 + 1.265 -
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retained 17 .44 • 1.81 n - /ml which 8 50 of th boun fol ta 

present in colos rum. There was nectligi 1 iffer nee in 

ound form of folate in buffalo co _ oetru~ anr1 i tc- m ure ilk 

on day 55. nlike co and buffalo, oat .,, ~ tur e l"l'I i 1 k on y 55 

contained only 2 n of b un fol ate per ml a ains 54.5 n /m l on 

day 1. The differ nces in bound form of fol ate ~ay a ain be 

attributable to gen tic ifference • co f r it has been o serv ed 

that ther 0 is a 1 r e v ri a ti on in total an boun fol a te 

content in milk from co , uffalo n~ o t. There i lso a 

~ifference in extent of fall in folate with incre ase period 

of lactation. r. o t ha s shown a v ry rapid ch nge in folate 

profile throu hout the period under study whereas it is 

l ea t in c ase of uffalo. It may ju b possible tha t in goat, 

bein a sm 11 nimal comparatively, th hi h r ate of met olism 

is responsible for such a drastic ch nge in fol te pr file 

which may al o b possibl u to hort span of 1 ct tion . 

uff lo b in a low nim 1 (m helically) w not. a 1 to 

pro uce r- si nific nt ch nqe in folat of le dur n lactation 

pe io un rl rs udy . How ver, th r ha _ en consi e r le 

chan e re~ardin folic ci content in relation to st e of 

1 ftation in c se of cow, ein more active than huff lo. 

The folate binding cap city of milk was studied by 

takin two iff rent colostrum an milk sample from each 

species. It has be n r eporte th t the milk h s cap city 
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to bind extra amount of f ol ate in addition to t he natu r al one 

pr esent. I n orde r to know th e maximum e xo enous f olate which 

could be boun by milk . f any speci e s, th e gr aded c oncen -

r ation of folic ac i r an i n g f rom 500 - 2000 n were adde d 

in different mil k s am ples and di a l ys ed as descr ibed . Sin ce 

goa t colostrum con t a i ned h i qh e t amoun t of fo l i c ac id , it was 

taken for standa r disin g t he c on i t ion. I t c a n be see n 

fromfi g . 6 th at the r e w s in creas ed bindin g of f li e cid till 

th e concentr ation of ad de d f olic c id w s 100 0 n . . . ft e rwar s, 

n~ a i t ion 1 indi ng was obtain d t hi h r conc - ntr ation of 

folic ac id added n~ the c u v as f 12tt ned . Th indi c t e d 

t ha t 1000 ng of f olic eid is enou~h to s ~ turate the folate 

bindin g pro t in in r est of th samples. The a ition of 

re la t iv e l y higher concen t r a tion of f ol ate d i d not a e a r to 

produce any adva nta eous r esults. Hence , 1000 n of folic 

a c id wa s added in 11 t he samp l es t f in d out t he total i nding 

cap ci t y o f i l k at di f f r Rn t s ta e s of 1 cta t i on . Th e va lues 

for to ta l bound folic aci d have been iven in Table VI and 

fi g . 7. As shewn in TTab l e VII, goat c olos t rum ha highest 

bind i n cap city which was foll owed by cow n bu f falo 

r e p c t iv el y . Thi s t r end was m int i .ed until day 24 ft er 

P rturiti on. On dey 40 and day55 cow an buffa l o di not show 

ny s igni fican t ifferen ce in t ota l i n din ca pac i t y of mil k . 

n t he other han rl , goat il k t t hese st es of l actation still 



Table VI. 

p e cies 
~nit11 a l No. 

C O\J -
4001 

3102 

uffalo 

1 0 9'1 

Coat 

368 

Et? 

S'l2 

Total folic acid bound in milk from different species at 
various stages of lactation (ng/ml) 

1st day 8th day 

2 07 • 9 8 1 3€ • 3 2 

2 91 • 26 11 7 .6 8 

82 .10 

98.4 

594 .os 

579.47 

8.65 

84.92 

4 53 .83 

421.65 

16th day 24th day 40th day S5th day 

78.75 

57.42 

40.125 

70.36 

368.85 

3 52 .2 2 

'14 . 6 0 

54.05 

38.49 

0.46 

146 .95 

138.36 

6 2 .32 

48.72 

S2 .62 

58.38 

102 .ss 

90.~ 0 

45.3 

42.58 

st.99 

55 .17 

98.6 8 

8 5 .33 



fig.7 

Total fola te bound in milk from 
cow, buffa lo and goat at various 
stages of lact tion(ng/ml) 
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Table VII. omp a r at ive average value of total folate bound in 
milk from cow, buffalo and goat at v a rious stages 
of l actat ion {nq/ml) 

pecies tet d ay 8th day 16th day ___ 24th day 4oth day 

f Old 24 9 . 620 

uff alo 90 .2 80 

, oat 58€ .'i'6 0 

127.000 

76 .785 

437.740 

6 8.085 

55.245 

360 .SSS 

70.825 

49.475 

142 .6 55 

65.520 

45.500 

96.575 

55th day 

43 .970 

43.580 

92. 005 
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m1intained high r bindin capacity. There was a radual fall 

in total bin in capacity of milk from all the three speci s. 

The values fell from 24 9 .62 to 45 .97 n q /ml for co •1 , 90. 28 to 

4 .sang/ml for uffalo nrl 586.76 to 92 .00 n /ml in c se of 

goat . 

It was furth r calcul ted th at ho much ad itional 

a~ount of folate could be bounrl y each sa~ple. The results 

have bePn shown in Table VIII, Table I X an Fig. a. There 

were individual v i e tions in d itional fol a te boun by 

different milk from eafh specie s . The colostrum from a ll the 

species could bind hi he t amount of additional folate . n 

an ve r qe, th values for cow, buffa lo an oat were 99 . 95 1 

72.1 an ~ 532.24 n /ml at thi s sta e . s the period of l ctation 

a vanced, a declinin p tt _rn was obtained for the ad itional 

bound folate. On day 55, th v lu s remaine as 25.1, 30 .7 

and 90 .00 n /ml for co , uffalo an goat r espectively. It is 

also obvious from these r sults that cow colostrum boun rl the 

s~tra folate ab ut mer than fiv time the n tur 1 bound form 

pr s nt. uff lo colostrum could onl ·nd littl more th n 

three times th e natur a l boun~ folate resent. Stri kin l y , th 

colostrum showed a c p cit to b i the extra folate 

out ten time s th e na t ur a l boun fol te preeen • On day 55, 

the milk e mples from co an d buff lo could h rdly bin d folate 

less th n double the amount pr sent in bound form. However , 



Tab le Vll I. Ad d itional fol a te bound in mil k from di ff e r ent species 
at v a rious stage s of lacta tion (nq/ml) 

-Speciee 1st day 8th day 1 6 th day 24th day 40th day 55th day 
.l\nim al No . 

c ow -
4001 1€4 .65 107 . 92 6 3 . oo 55.70 45 . 92 32 .76 

3102 2 35 . 26 95 . € 8 36 . 92 39.15 37.39 17.43 

q uffalo -
109'1 6 7 .61 63 .15 30 . 34 28 . 62 25 . 32 24 .88 

S68 76 . sa 65 .62 50 . 86 44 . 22 37 . 08 36 . 6 8 

r.oat -
17 558 . 38 3 93 . 85 350 . 26 144 .60 1!)0 . 42 96 .63 

372 526 .11 3 97 . 4'1 !40 . 46 135 . 59 88 .7 0 83 . 38 



Fi g. VIII 

Addit ion 1 fol a t e bound in milk 
from cow, buffalo anrl goat at 
v ~ rious staqe s of lactation(nglml) 
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T able IX. 

peeies 

c ow 

uffalo 

~oat 

Comparative av e ra ge v a lues of ad ditional folate bound 
in milk from cow, buffalo a nd goat milk at v a rious stages 
of l act ation (n glml) 

1st day 8tfi day 16th d a y 24th da y 40th day 55th day 

199.955 100. aoo 49.960 47.425 41.6 55 25.095 

7 2 . 0 95 6 4 . 3 86 40.€-00 36 .42 0 31.200 50.780 

532.245 395.680 345 .360 140.095 . 94 .560 90.005 

~ 
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the goat milk on thi ay surprisin qly boun 45 ti~es the 

na tur 1 boun d form r esent. It c , n be conclu rle that the 

dditional amount of boun folate by all the species at 

different sta es of l a ct tion show d a vari a ility similar to 

what was obtained for ei th r total content or boun form 

of folate. Here, again, goat milk maintained the highest 

cap acity throu hout the l actation period under stu y r egar di n g 

the binding c apacit as compare d to cow and buffalo. 

These re ~ult s in cic te tha t th r e is , irect function a l 

rel tionship between f olio acid n folate bi n in f ctor 

pr e sent in th e milk. Hi h b in d in cap city ~ho•· n by colo ~ trum 

m 1 n ~ th ~t the fol ate binding protei ns ~r e hiqh uns atur t e d . 

The loss in bin in c pacity of milk at lat r st ? s of lact ation 

may be ttributable to the pe sibilit that the folat indinq 

prot in are b !nq ~ynth si z e d ith a reduce ~ r te a the 

laft tion advance~. Thi s c n only be proved if th total 

concentr t ion of th e fola te in d in protei n i rlete rMined at 

r espective stages of 1 c t tion. It may a lso be poss i b l e th a t 

some unknown factor r e ul a tin th e bin i n activity of milk 

i ither in ctive or ab ~ent. It is worth stu yin the fol a te 

bindin mech anism to exp lain thes e pos sibilities. f ord~ .!l· 

( 1 972) r ported hat oat colo s trum had th e c ap city to bin d 

about E o nq fol te per ml an folic cid added in excess of 
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thi C' threshhol d concentr ti on was not retaine'1 3 ainst dialysis . 

Th e y further observed th 3t by day 30, th e n tur a l fol ate concen-

tr ti on fell from 210 to 5 ng/ml and fol ate binding cap aci ty 

from 600 to 13 0 n g lml. How ever, th e tu re ilk s t ill contained 

more folate binder. from these f i ndings it s eem s th t the 

milk fol a te concen tr ti on is prim rily determined b y t he r a te 

of secretion in r e l ation to av il ili y of fr e folate in 

blood 1asm a an that the milk's c~n nt of fol ~ n er ri e s 

not li~it th e milk fol te cone ntr tin. Thi~ c n be ~ u orted 

by th fac t that cola trum cont ine hi1h 0 st fol te w~ ch is 

secreted at a slow r te where s ~ ture ~ilk containe r edu c d 

am unt of fola te since it i s ecret r lativ e ly fa st r r a te. 

for an :cot t (1975 ) r e port ed that hum an a nd cow 's 

milk c an bind 60 ng of extra folic acid pe r m • ow's ilk 

al so bound aroun on of ex tra folic acid pe r 1. ow ever, 

it had hi he r affinity for c anocobal am in th n for folic acid . 

a) ~ 

Th effect of pH w s s udi ed on fol a e bin in c apacity 

by tr a tin th e "nilk t d"ffer nt p 5 descri ed in Ta le 

)( and XI • Th hi h st mount of fol te was re a·ne 1t p 7.2 



Table X. 

pe cies 

Cow 

uf falo 

~oat 

ffect of pH on folate binding capacity of milk (ng/ml) 

3.5 

o.se 
0 . 25 

0 .1 2 

5.0 

10.83 

5.48 

2 . 32 

7.2 

28 . 50 

16 . 54 

s .48 

a.o 

8.36 

4 . 46 

1.65 

9.0 

4 .ss 
3 .85 

1.52 

10.0 

4.45 

3 .19 

1.1s 



Table JI. 

p e cies 

Cow 

uffalo 

, oet 

Relativ e per cent folic acid remained (Bound rorm) 

3 .s 

2 .os 

1.51 

2 .19 

s.o 

38.00 

S 3 .ts 

42.53 

'1.2 

100 

100 

100 

a.o 

29.53 

26 .96 

30.11 

9.0 

16 .oo 

20.44 

27.74 

10.0 

15.61 

19.29 

20.62 



fig. IX 

Relative per cent folic acid 
rernained (1ound form) 
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by milks from all th e three species. There was a drastic dis s oc i -

tion of bound folat e as pH was reduced. This dissocia t ion wa s 

also observed et pH high er than the pH 7.2 in a lkaline r ange. 

In case of cow milk, out of 28.S n / ml fola t e retained at pH 

7.2, only 10.83 and o.sa n /ml could be rat ined t pH s. o and 

S~S res'pectively. On the other hend, 8.S6 , 4.56 an d 4.45 n /m l 

folate was retaine t pH e.o, e.o an d 10.0 respectivel y . The 

pattern re ardin the extent of d ssoci tion was almos t si~ il r 

in other species also. 

On comperin the e~tent of dissoci tion c aused b y pH on 

bound fol ate , it was quite cle ar (T ble XI) that go t milk 

wae fairly st le a a in t the pH eith r in a lkaline or ac id ic 

range. This was followed b y cow and buffalo resp ectively. 

In a lkaline ranqe, buffalo milk retained folate highe r th n 

cow's which was not true in acidic pH. The values for folic 

acid retained by milk from different species ranged from 1.51 -

2.19 ' a t pH a.s. However, st pH 10.0, the fal a te was r e t a ined 

in th ran ge from 15.6 - 20.6~ of the total present at pH 7. 2 

The milk samples from all the species were fairly stable a ains t 

lkaline pH s compared to th ir stability a ainst dis s oci at ion 

in aci ic pH. 

for d et al.(1969) an ford (1974) r eported that uptake --
of free folate wa s stron ly influe nced by pH an was t a 

m a~imum t about pH 6 .0, whereas uptake of folate e ed with 
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~o a t's milk wa great est at pH 4.5 nnd decline d to a low l ev e l 

t pH 5.0 nd abov e . This h igher av il a~ ili ty of the mil k b ound 

folate t pH 4.5 prob bly refle cted i socia t ion of the fol a t e 

protein in ephadex ge l r. 2s, elu t in g with buffe r eolu t ion s of 

different pH value s . At pH 6 .0 and above, th e fol ate wa s 

e luted in the void volume togeth e r with th e protein. t pH s. o, 

only 61 S of the folat emerged with the protein s an d 39% 

was recovere d as free folate. At pH 3.6 , only free fol ate 

was pres rnt in t he e lu a t e . The issociati n t pH 5.€ wa s 

rev e rsed on adjus tm ent of th e pH value to 7.1. r. iv a s and 

r.utcho (1975) comp red th e bin d in of folic a ci d an J-5-

methyl-te tr hy drofolic aci t o ~ lk bin der in th e pH r ange 

7. 4 - 1 0 .1. ~t pH 7.1, th e r l at iv e f f in i ti es were Qu·te 

isparate, with folic a ci how in th e gr e t e r a ffi n i t for 

milk binder . s th e pH wa i ncre sed fr m 7.4 t o 9 . 3 , the 

diffe r nee in affinities becam e sm all er, a nd pH 9. 3 , t he 

f f inities wer e ne ar ly th e s ame . As the pH wa s increas ed fr om 

e.3 t o 10 .1, th e r e l ativ e af f initi e s aqa in beg an t o iffe r, 

with N-5-m eth yl t e tr ahydr ofolic acid d i sp l a yin the gre t er 

affinity. 

b ) He a t Trea t ment 

Th e effect of he t tre t ment was inv e ti gated by 

p steuriz i n , an boilin the milk as descri ed . On p ste ur i s ti on 

n oilin , th e r was a li t tle los ~ in total fol t e prese n t in 



pecies 

tatJ 

uffalo 

r;oat 

Table X!I. 

Normal 

Effect of heat treatment on the folate binding 
activity of milk (ng/ml) 

Pasteurised Boiled 
tree Boun? Total free RouriCi Total free ound 

.oo 14.90 80.90 6 5 .94 10.32 76 . 26 61.93 8.75 

0 .60 1s.oo 3 5 .60 22 .57 10.oa 32 . fl 5 21.77 7.98 

.86 2 • '1'1 9.63 6 .66 2 .40 9.06 s.s2 1.76 

Total 

7 0 .f' 8 

2 9.75 

7.28 



Table Xllt. Relative percentag e of folic a ci d r e ma ined 
a ft e r heat treatment 

pe cies Norm a l (Raw milk) 
rree Bound 

Pasteurised milk 
Fre e Bound F"ree B ouna 

oiled milt 

Cow 81.58 18.42 81.50 1 2 .76 76 .ss 10.82 

uff alo 5'1. 86 4 2 .13 5 .39 2 8.51 61.15 2 2 .41 

o a t 7 1 . 24 2 8.74 9.16 24 .92 57.32 18.2 8 
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the milk from all th e species. out of a tota l of B0. 9 ng/ml 

fol te, 76.26 and 70.68 nglm1 remained a f te r pasteurisat i on n d 

boilin in cow's milk. .i milar p tterns wer also o s er ved 

in ca se of uffa loes an goats. In add ition to little loss 

in total content observe , it was foun th a t there w s a di s s o­

ciation of boun d folate on pasteurisat ion an oiling which 

caused an increase in fre e form of folate. This dissociati on of 

boun fol ate was higher when milk was boiled t~ an t ha t ob tained 

for pasteurised milk. 

from tot al of 18.42 per cent boun d f ol t e i n cow's 

milk, 12.75 and 10.82 per cent could be retained after 

paste urisat ion anrl bo i ling res pectivel • In cas e of goat ~il k , 

uffa lo milk only 28.S1 and 22 .41 per cent boun d fol a t e was 

retained on pasteur i sa t ion and boilin g r esp ectiv e l y a a i ns t 

42.13 per cent boun d folate present in normal mil k . In c se of 

goat milk, 22 .42 and 18.28 p r ce n t boun d fol te could be r tai ned 

a a in t 28 .?4 p r cent in norm 1 milk. Over a ll, i t appe rs th t 

buffa lo milk is rel a tiv e l y hi ghly r esistant to heat tre tm nt 

s comp ar ed to got and cow. rurth er, goat mil k is mor e st bl e 

th n cow milk in this re ad . Probably , hea t treatment a f f ect ed 

th boun d for~ of folate since some kind of den tur a tion of th e 

protein was caused by such treatment. These r esults indica t d 

th t $uch tre tments usu ally pr actised urin consumption of 

raw milk st ~ ll of f r some boun d fol a te which could be us eful 

from nutrition point of view. 
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Ghitis and anos (1965} r e porte th t utocl av n1 o f 

rnilk effecte d the fol ate activi t of milk wh e n th e y obs rved 

that the fol a te activity decreased from 3 .o - 43.0 u1l1 t o 

14.0 - 22 .o n /1. L ter on, Areekul et .!.!· (1 978) SU ested -
that the infants sho ld prefer ably be breast fed r athe r than 

bottle fed as cow's milk was usually not iven in r w form. 

They reported that binding activity of hum n milk wa 10 .3 

ng/ml while that of pasteurised cow's milk was 1.25 ng/m1. 

The three species, namely, co . , buffa lo an d go at 

have shown similar profile for folic acid content in milk t 

v rious sta es of l actation. They have also shown imil a r 

ecline in patt rn for tot 1 fol e bindin capacity in milk 

with increased l actation period. The informa t ion can furth er 

be enriched in this reg rd if such stu ies ere con ucte in 

milk from other ruminants like sheep, in p rticul r. It ·s 

still not clear wheth er the synthesis of folate bin in rote ins 

is declined or there is some other f actor re ul - tin this 

activity ecomes inactive or absent. Thi c n only be confir~ e d 

if the vitamin binders re isolate from milk differ nt 

st ges of lacta tion an some work is initi a ted on the vita~in­

binding mech nism. Furth r studies r e also r e uired to know 

the nature of vi amin inders pr sent in blood pl asma and milk 

end milk of the sam e anim a l and to explore th e possibili y of 

eet hlishing ome structura l relationship between the vitamin-

binders from t wo sources. 
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The folic acid content in the milks fro~ cow, uffa lo 

and goe wa s estim ated on day 1 , day a, d ay 16 , y 24, day 40 

an day 5 5 after par tu r i t i on. The hi he st fol te con t ent was 

foun in colostrum from ell the species which was {1T1ean + rr ) -
131.94.! 24 .os, 54 .6 8.! 6 .66 end 278.92 ng /ml on day 1 in cow, 

buffalo and goat milk respective ly. Ther was rarl ual decree s e 

in milk fol te with increased l ect tion perio d . On day 55, 

th e values wer e 56 .55.! E .OO, 57.75_! 4 . 46 an 5 .60 n glm l i n 

milks fr o three speci es in simil r order as giv e n for day 1. 

The t otal f ol a te b in d "n capa c ity in milk w s det r mined t 

a l l these st s o f lac t ati on un de r study • The total fo l a te 

bi nd "n g c apa c ity of colostrum from cow, buff lo an goat 

wa s 4 9 .62 , 90 . 2 8 an d 582 .7€ n / ml r es pe ct iv e l y . f urther 

ecl i ne was o tain e on th e patte rn simil Ar to tot~ l f ol ate 

con t n t . Th goa t colostrum an matur e milk show ed highest 

capacity t o bi n 

mi l k t a ll the s 

dde fol ate a s comp ar e t o buffa lo nd cow 

s of l a c . t ion. The dd i tion a l amoun t of 

f ol te bound b cow, buff lo an o t mil k yas 1 99.95 , 7 2 . 1 

and 532 . 24 ng/ml on day 1 an d 25 .1, 50 .7 n 90 .0 n /ml on 

d ay 55 aft e r parturi t ion. 

r. oa milk wa s f i rl y s t le wi t h r e r ds t o its fol ate 

b i ndi n c pe e ty e ith e~ at a lkalin e pH or a c i dic pH. Th is w s 
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followed by cow and buffa lo resp ctivel y . The amount of bound 

folic acid reta ined by milk from different s eci es r anged 

from1.51 - 2.19 % at pH S.5 nd from 15.6 - 20.6% at p~ 1 0 .0 

out of the total bound fclate present et pH 7.2 There was 

6 - 10~ loss in total content of fol te after pasteurisation 

an ~ this los was increased on boilin which ranged from 

13 - 24 %. By both these t ypes of trea ments, t he r e w s 

si gnificant dissociation of boun d folate wher e buffalo milk 

was fairly stable as comp ared to milk from cow and goat in 

this reg rd. 
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