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CHAPTER I 

1 INTRODUCTION 

Dietary importance of f a t  has been well recognised 

by i t s  v i r t ue  as a concentrated source of energy, essen- 

t i a l  f a t t y  acids and a lso  as  a c a r r i e r  of soluble vi ta-  

mins.  A balanced d i e t  i s  therefore,  of ten recommended 

t o  provide about 15% of the t o t a l  ca lo r ies  i n  the  form 

of f a t .  

Though the d ie ta ry  fat is  generally available from 

vegetable and animal sources, among sizeable segment of 

the world population, milk o r  i t s  products are the major 

d ie tary  items. Further, bu t t e r  f a t  f inds  preference 

over vegetable f a t  due t o  the charac te r i s t i c  flavour, it 

contributes s ign i f ican t ly  towards t h i s  d ie ta ry  consti- 

tuent.  Nutr i t ionis ts  and d i e t a t i c i ans  a l ike ,  however, 

have serious apprehensions about t h i s  cornpositionally 

heterogenous consti tuent  and it as one of the possible 

d ie ta ry  r i sk  fac tors  associated with t h e  incidence of 

coronary hear t  disease (MD) . The major l i n k  between 

t h e  nu t r i t ion  of the subject  and the incidence of CHD 

has been iden t i f i ed  to  be blood plasma cholesterol  l eve l ,  

which i s  great ly  influenced by die tary  factors.  

I n  the l i g h t  of this, dietary  intake of animal 

fats ,  but te r  f a t  i n  par t iculcr ,  has been a matter of 



much concern due t o  predominance of C I Z t  0, C14 I 0, C16 r 4 

f a t t y  acids, which a re  potent  i n  elevat ing plasma cholesterc 

l eve l .  Further more, low l eve l s  of PUFA together  w i t h  high 

l eve l s  of saturated (S) one r e s u l t  i n  low PUFAt SFA r a t i o  

which with i ts excessive consumption i s  demonstrated to 

increase plasma cholesterol ,  t r i g lyce r ides  and phospho- 

l i p i d  levels .  The published repor ts  from many p a r t s  of 

the world suggest an associat ion between high intake of 

saturated f a t  and the prevalence of the  coronary h e a r t  

disease.  I t  has a l so  been observed t h a t  cholesterol  l eve l  

i n  the  blood of hear t  victims is  higher. Dairy products 

such a s  cream, b u t t e r  and cheese a r e  the main sources of 

increasing cholesterol  i n  blood, a d i r e c t  cause of h e a r t  

a t tack  o r  renal  cardiac dis t r ibances.  People have even 

gone t o  the extent  of saying "somehow we have t o  g e t  across 

the image t h a t  cow, so f a r  depicted as  a doe eyed gent le  

c rea ture  browsing i n  a pasture is  a k i l l e r " .  

Inclusion of PUBA enriched animal f a t s  were reported 

t o  lower plasmo cholesterol  leve ls .  Thus increased uptake 

of e s sen t i a l  f a t t y  acids, decreases the r i s k s  of CHD, 

Internat ional  da i ry  Federation-in the year  1974, s t rongly 

advocated the r ~ e c r s s i t y  t o  enhance i n  l eve l  of PUPA i n  

milk f a t  e i t h e r  by manipulating the d i e t  of milch animals 

o r  formulating a product i n  which miikfat  i s  p a r t i a l l y  

o r  to t a l ly  replaced by appropriate amount of vegetable 



So an attempt has been made i n  the  present investi- 

gation t o  incorporate safflower of 1, which contains about 

60-70% e s s e n t i a l  f a t t y  acids  ( l i n o l e i c  a c i d ) ,  i n  butter .  

The incorporation of  o i l  i n  butter  w i l l  not only increase 

PUFA, but a l s o  improve the spreadabil i ty  of butter a t  

low temperature coupled with lowering, the cost of produc- 

t i o n  of butter ,  being cheaper than milk f a t .  



CHAPTER 11 

2. REVIEW OF LITERATURE 

The p r e s e n t  i n v e s t i g a t i o n  aimed a t  development o f  

a butter with enhanced PUFA by Inco rpora t ing  sa f f lower  

o i l .  I n  the c o n t e x t  of t h e  scope of  t h e  p r e s e n t  i n v e s t i .  

ga t ion ,  l i t e r a t u r e  concerning composition of milk  f a t s ,  

importance of PUFA, cornrmsition of b u t t e r ,  s a f f lower  

o i l ,  methods of e l e v a t i n g  t h e  l e v e l s  of PUFA i n  milk  

f a t  and b u t t e r  and a l s o  the  e f f e c t  aa blending of 

physico-ehemical c h a r a c t e r i s t i c s  of  b u t t e r  have been 

c r i t i c a l l y  reviewed. 

2.1 FATTY ACIDS COMPOSITION OF MILK FATS 

The f a t t y  a c i d s  composition of mi lk  f a t  and t h e i r  

v a r i a t i o n  have been well e s t a b l i s h e d  s i n c e  a long t i m e  

by H i l d i t c h  and co-workers who wed c l a s s i c a l  methods 

i n  t h e i r  a n a l y s i s  (H i ld t i ch  and Sleiqhtholme, 1930, 

H i l d i t c h  and Thompson, 1936, H i l d i  t ch  and Jasperson,  

1943).  However, very  accu ra t e  f a t t y  ac id  composit ion 

of mi lk  f a t  i nc lud ing  f o r  t h e  minor f a t t y  a c i d s  as 

determined by GLC methods have been repor ted  i n  r e c e n t  

l i t e r a t u r e  (Smith, 1961,  Gander et 2.. 1962, Jenson 

e- l . ,  1962 a ,  d e  Man, 1964, 1965, Albonico e t  a l . ,  -- -- 
1968 and Curcurachi and L o t i t o ,  1968, Rama Murthy and 

Narayanan 1971) have studied t he  F. A. composition of  



cow and buff a10 milk f a t s  co l lec ted  i n  d i f f e r e n t  seasons 

over a period of one year. The above authors d e f i n i t e l y  

establ ished t h a t  F.A. composition of buffalo milk f a t  

d i s t i n c t l y  d i f f e red  from t h a t  af d l k  fat. 

The typica l  f a t t y  acid composition of cow and 

buffalo milk f a t s  as determined by GLC analysis  reported 

from d i f f e r e n t  regions are shown i n  table-A. 

Fat ty  acid cornimsition ("/o W) of milk fats of cows and 

buffalo as  reported by vcrious workers. 

Fa t ty  acids Cow milk f a t s  Buff a10 
milk f a t s  

1 2 3 4 5 6 7 8 



2.2  POLY UNSATURATED FATTY ACIDS 

PUFA forms on ly  a smal l  p ropor t ion  of t o t a l  f a t t y  

acids of mi lk  f a t .  The composition of PUFA i n  bovine 

mi lk  f a t  w a s  determined by many workers. Smith and 

Jack, 1954, S c o t t  et g., 1959, Smith, 1961 and Boatman 

e t  a 1  1965 by us inq  a l k a l i  i somer i sa t ion  method. - -* * 

Information on t h e  PUFA composition o f  b u f f a l o  mi lk  f a t  

was, however l i m i t e d .  Tverdokhleb and Merzamatove (1965) 

compared PUFA con ten t  of b u f f a l o  milk f a t  wi th  t h a t  of 

cow milk f a t .  Rama Murthy and Narayanan (1972)  made a 

comparative s tudy of t h e  con ten t s  of PUFA i n  b u f f a l o  

and cow milk f a t s  and showed t h a t  b u f f a l o  milk f a t  

contained h i g h e r  l e v e l s  of Te t raenoic  and pentaenoic  

acids than cow milk f a t .  

2.2.1 Importance of s a t u r a t e d  and Poly unsa tura ted  f a t t y  
ac ids  f a t s  

The PUFA i n  mi lk  f a t  gained inc reas ing  importance 

because of t h e i r  r o l e  i n  auto-oxidat ion of f a t s  and a r e  

d i e t a r y  e s s e n t i a l .  

Beveridge -- et a l e  1955 and Vergroesen, 1972 repor ted  

t h a t  low l e v e l s  of PUFA(P) t o g e t h e r  with high l e v e l s  of 

s a t u r a t e d  one (S) r e s u l t e d  i n  low P:S r a t i o  which wi th  

i t s  excessive consumption was demonstrated t o  i n c r e a s e  

plasma c h o l e s t e r o l ,  t r i g l y c e r i d e  and Fhospholipid l eve l s  



Vergroesen (1972) f u r t h e r  r epo r t ed  t h e  p o s s i b l e  

r i s k  f a c t o r s  a s soc i a t ed  wi th  the s a t u r a t e d  f a t s  to 

t h e  inc idence  of coronary heart d i sease .  

Renaud e t  al. 1979 no t i ced  an i n c r e a s e  i n  plasma 
-.I 

c h o l e s t e r o l  conten ts  and t h e  s e v e r i t y  of a t h e r o s c l e r o s i s  

i n  r a b b i t s  f ed  on b u t t e r  than those  f e d  on Maize o i l .  

Human s t u d i e s  involv ing  groups of fa rmers  l i v i n g  i n  VAR 

and HOSELLE Regions of Fzance and KIRRIEMUIR,  F R I W E I N  

and STRANRAER i n  Scotland, showed s i g n i f i c a n t  co r r e l a -  

t i o n  between serum c h o l e s t e r o l  and s a t u r a t e d  f a t s .  

NAKAI e t  a1. (1986) sbserved t h e  s i g n i f i c a n t  cor re -  

l a t i o n s  between £as  t i n 9  plasma t r i g l y  c e r i d e  and maximum 

plasma t r i g l y c e r i d e  a f t e r  e a t i n g  b u t t e r ,  margarine and 

crt-am. Miiximum con ten t  of t r i g l y c e r i d e ,  c h o l e s t e r o l ,  

and Phospholipid i n  plasma were observed a f t e r  eating 

credm than a f t e r  e a t i n g  b u t t e r  o r  margarine. Diffe-  

r ences  between b u t t e r  and margarine were no t  s i g n i f i c a n t ,  

Keyes -- e t  al. (1957) repor ted  t h ~ t  the  sa f f lower  

o i l  has  kept  down t h e  serum c h o l e s t e r o l  l e v e l s  i n  

p a t i e n t s  s u f f e r i n g  from hypercholesterasmia.  

Niyogy (1966) repor ted  the  an t i - cho le s t e ro l  a c t i -  

v i t y  of s a f f lower  o i l  r i c h  i n  PUFA. 



Kinsell e t  a1 (1967) n o t i c e d  t h e  r e l a t i o n s h i p  of -- 
PUFA t o  l i p i d  metabolism and a t h e r o g e n e s i s .  

Thompson (1969) d e s c r i b e d  t h e  s a l u t o r y  e f f e c t  on 

c a r d i o v a s c u l a r  d i s e a s e  by e l e v a t e d  l e v e l s  of  FUFA 

through enhanced s y n t h e s i s  of Pros  t a g l a n d i n s  which were 

p o t e n t  i n h i b i t o r s  of P l a t e l e t  aggregk t ion .  

Weiss (1971) observed t h e  d e c r e a s i n g  e f f e c t  o f  

Hype r c h o l e s  t e r a e m i a  when pa t i e n  ts were admin i s t e red  

d i e t s  r i c h  i n  PUFA. 

Fidenze  (1972) r e p o r t e d  t h a t  the r e s t r i c t e d  consump- 

t i o n  of b u t t e r  f a t  was shown t o  p r e v e n t  t h e  i n c i d e n c e  

of  CHD. 

H o r u s t r a  et 2 (1973) r e p o r t e d  t h e  i n c r e a s i n g  

Thrombiot ic  tendency of p l a t e l e t s  i n  h igh  PUFA l e v e l s  

which reduced t h e  i n c i d e n c e  of c h r o n i c  t i e a r t  d i s e a s e .  

However, Oderldall e t  a 1  (1980) sugges ted  t h a t  -- 
t h e r e  was no f i r m  cv idence  t o  i n d i c a t e  t h a t  PUFA reduced 

t h e  r i s k  of ischaernic h e a r t  d i s e a s e .  I n  long-term t r i a l s  

w i t h  r a t s  i t  has  been found t h a t  i n c i d e n c e  of h e a r t  

u i s e a s e  and a l s o  oi cancer  was a c t u a l l y  s r e a t e r  on 

diets of v e g e t a b l e  o i l s  r i c h  i n  L i n o l e i c  a c i d ,  t h a n  on 

d i e t s  of rnilk f a t s  and o t h e r  animal f a t s .  



2.3 COMPOSITION OF BUTTER AND BLEND 

According PFA rules (1976) ,  T a b l e  b u t t e r  s h o u l d  

c o n t a i n  n o t  less t h a n  80% f a t ,  less t h a n  2. OX c u r d  and 

2.0% common s a l t  . 
S a t i s h  K u l k a r n i  et (1984). (19871, (1988) 

r e p o r t e d  the compos i t ion  of b u t t e r  s a f f l o w e r  o i l  b l e n d ,  

They f u r t h e r  gave t h e  compos i t ion  as 80% f a t ,  16% m0i.c;-  

t u r e ,  2% c u r d  and 2% s a l  t. 

2.4 COMPOSITIO~i O F  SAFFLOWER OIL 

Wilson et & (1971) n o t i c e d  the s a t u r a t e d  and 

u n s a t u r a t e d  f a t t y  a c i d s  c o n t e n t s  of sa~flower o i l ,  

U n s a t u r a t e d  F , A  r Oleic - 15 ,OX 

L i n o l e i c  - 72 -0% 

Total - 87.0% 



Swaminathan (1974) r e p o r t e d  the r e l a t i v e  amounts 

o f  USFA i n  s a f f l o w e r  o i l  as 

L i n o l e i c  a c i d  - 78% 

L i n o l e n i c  a c i d  - 0 

T o t a l  USFA by Bio-assay - 78.8% 

Danie l  Swcrn (1982) r e p o r t e d  that t h e  s a f f l o w e r  

o i l  h&s h i g h e s t  l i r l o l e i c  a c i d  c o n t e n t  of any known 

o i l s  and con ta ined  o n l y  about  5.7% s a t u r a t e d  a c i d s .  

Most s a f f l o w e r  o i l s  were e s s e n t i a l l y  f r e e  of phospha t ides ,  

s i n c e  they were removed d u r i n g  r ~ f i n i n g .  High l i n o l e i c  

s a f f l o w e r  o i l s  con ta ined  abou t  33.0 mg/100 g t o t a l  

tocophero l .  It c o m i n e d  about 1.5% t o t &  unsaponi- 

f l a b l e  m a t t e r .  

Herb (1960) observed t h e  s a f f l o w e r  o i l  f a t t y  acid 

composit ion by GLC and s p e c t m p h o t o m e t r i c  ana lys  is a s  



Safflower oil palmitale :tciirate Total Palmi to Olcate Total Dino Lino 
saturated o lea te  mono late lena- 

enoate t e 



2.5 METHODS OF ELEVATING PUFA LEVELS I N  BUTTER FAT 

Severa l  a t t e m p t s  have been made i n  r e c e n t  y e a r s  

t o  augment t h e  l e v e l  of PUFA i n  m i l k  f a t  e i t h e r  through 

in t ravenous  i n f u s i o n  of PUFA o r  d i e t a r y  a d m i n i s t r a t i o n  

of formaldehyde t r e a t e d  c a s e i n  encapsula ted  vege tab le  

o i l s  t o  milch animals. 

Tove and Mochrie (1963), Pa r ry  e t  a1 (19641, -- 
Hedrick T.1 (1969), S t o r r y  et a1  ( 1 9 6 9 ) t  Stewar t  and --  
I rwine  (1970), S c o t t  -- e t  a1 (1970) and S t e e l e  e t  a 1  -- 
(1971). Bitman et a1  (1975) repor ted  an i n c r e a s e  i n  -- 

PUFA ( l i n o l e i c  a c i d )  conten t  i n  mi lk  f a t  through i n t r a -  

venous i n f u s i o n  of PUFA and a l s o  by biornanipulation o f  

f a t t y  a c i d s  composit ion of rumin a n t  f a t s .  

The obse rva t ions  t h a t  the unsa tu ra t ed  f ~ t  due t o  

bio-hydrogenation was a v a i l a b l e  on ly  i n  s a t u r a t e d  form 

t o  t h e  ruminant body, coupled with  t he  f i n d i n a s  o f  

Tove and Mochrie (1963), t h a t  the a d m i n i s t r a t i o n  of 

po lyunsa tura ted  f a t s  through duodenal o r  i n t r avenous  

i n f u s i o n  brought about marked change i n  t h e  fatty a c i d  

composition of mi lk  had triggered r e sea rch  a c t i v i t i e s  

t o  develop ways and means t o  prevent  biohydrogenat ion 

i n  rumen. 



S c o t t  -- e t  a1 (1970) pu tdbr th  a b r i l l i a n t  idea t o  

develop t h e  p ro t ec t ed  f a t  Technology. The concept  

a r o s e  from two e n t i r e l y  u n r e l a t e d  developments. The 

use of formaldehyde t rea tment  of o i l s  to  p r o t e c t  them 

from microbia l  degrada t ion  and technique f o r  t h e  manu- 

f a c t u r e  of b u t t e r  powder. 

The d i e t a r y  admin i s t r a t i on  fo f  formaldehyde t r e a t e d  

c a s e i n  encapsulated vegetable  o i l s  have been attempted 

by s e v e r a l  workers i n  r e c e n t  years .  P a t e l  e t  a1 (1970), -- 
s c o t t  e t  a 1  (19711, Astrup e t  dl (19721, Cook e t  a1  -- -- - -  
(1972), Fan e t  a1 (1972), Mattos and ~ a l r n q u i s t  (1974) -- 
repor ted  an  i n c r e a s e  i n  l i n o l e i c  ac id  conten t  from 

2-5% t o  20-30% and they f u r t h e r  s t a t e d  t h e  problems 

a r i s i n g  i n  t h e  manufacturing of b u t t e r  and t h e  e f f e c t s  

of high PUFA on Iodine va lue  (an i n c r e a s e  was no t i ced )  

ans s o f t n e s s  ( increased)  of b u t t e r .  This h d  t r i g g e r e d  

an  era  which has marked the manipulat ion of mi lk  f a t  

composi t i on. 

Pa11 -- e t  a1 (1972) marked t h d t  formaldehyde t r e a t -  

ment of casein co* ted with t he  s a f f lower  o i l  no t  only 

e l imindted t h e  suppressing e f f e c t  of sa f f lower  feed ing  

on t h e  milk £ a t ,  bu t  i t  a l s o  r e s u l t e d  i n  an i n c r e a s e  

of t a t  percent .  T h s  i n c r e a s e  was as  high as 15 percent .  



The f a t  t h a t  obtained was anslysed by Cook -- e t  al  (1972). 

Their da t a  revealed an increase i n  t h e  proportion of 

C18z 2 and C19: 1 f a t t y  acids and a  corresponding decrease 

i n  t h a t  of C14 and C16 f a t ty  acids content, 

Plowman e t  a1 (1972) reported an increase  i n  l ino-  
3- 

l e i c  acid content from 3% t o  as high as 35% i n  milk f a t  

of the  animals f ed  with formaldehyde t reated safflower 

o i l .  

Rindsig - e t  - a1 (1974) reported the incorporation 

of safflower o i l  i n  the d i e t  of the  animals and obser- 

ved the  e f f e c t s  on f a t t y  acid composition of milk f a t s ,  

They observed an increase i n  C18:l and C19:2 f a t t y  acids  

w i t h  a corresponding decrease i n  shor t  chain (C4-C8) 

medium (C10-C14) and ((216-C18r0) some long chain f a t t y  

acids. 

Wood e t  a1 (1975) reported t h a t  milk f a t  contain- -- 
ing  varied percen.ts of Linoleic acid (from 1.8% t o  

28.0% of the r ; t ty  acids)  could be produced by feeding 

cows, a protected l i p i d  supplement and a lso  by blend- 

ing conventional and poly unsaturated milk f a t s .  

Goering et 2 (1976) observed an increase i n  

l i n o l e i c  acid percent and a l so  the e f f e c t  on yie ld ,  



composition f lavour  and ox ida t ive  s t a b i l i t y  of milk 

by feeding protec ted  saff lower o i l .  

Timmen e t  a1 (1978) described t he  methods t o  -- 
modify the sp r eadab i l i t y  by changing the  composition 

of b u t t e r  f a t  by feeding encapsulated vegetable o i l s  

and addit ion of vegetable f a t s .  That p r ac t i c e  was 

most economical and t echn ica l ly  p rac t i cab le .  

Hood e t  a1 (1981) reported the  incidence of feed- -- 
ing cows with formaldehyde- t r e a t ed  PUFA seed supplement 

on f a t t y  acid composition and d i s t r i b u t i o n  of p a r t i c l e  

s i z e  of milk f a t  globule. They f u r t h e r  reported t h a t  

the  high l i n o l e i c  acid has a l t e r ed  the processing 

procedure i n  the manufacture of b u t t e r  and resu l t ed  i n  

a decreased churning time. 

Bath (1982) reported a change i n  the  f a t t y  acid 

composition of milk by protected f a t  feeding and 

b u t t e r s  made from such milks were found t o  have high 

l i n o l e i c  acid content.  

Cadden -- e t  a1 (1984a1, (1984b) reported the prepa- 

r a t i o n  of b u t t e r  from canola based protec  fed animal 

milks and described the q u a l i t y  c h a r a c t e r i s t i c s  of 

such bu t t e r s .  



However the complexity of such techniques  l i m i t e d  

i t s  o p e r a t i o n a l  u t i l i t y .  

I n  r e c e n t  y e a r s  s e v e r a l  workers have attempted 

t h e  add i t ion  of vegetable  o i l s  d i r e c t l y  i n t o  the 

b u t t e r s ,  

Bachanan and Rogeri (1973) descr ibed t h e  manu- 

f a c t u r i n g  d e t a i l s  and p r o p e r t i e s  of b u t t e r  prepared 

from milk f a t  rich i n  PUFA, This  included d i r e c t  

blending of vegetable  o i l  i n  t h e  b u t t e r  and noted the 

subsequent changes and problems encountered i n  t h e  

but ter -vegetable  o i l  blend. 

ilchira -- e t  a1 (1976) descr ibed t h e  development of 

a b u t t e r  f a t  vegetable  o i l  blend t h a t  would spread 

when taken s t r a i g h t  from t h e  r e f r i g e r a t o r .  

Forgerty -- e t  a1 (1980) announced the  methodology 

f o r  l i n o l e i c  acid enriched milks,  butters and cheese, 

which indichted  t h a t  l i n o l e d c  acid enriched milk,  meat 

and dairy products  were s u i t a b l e  f o r  human consumption, 

dunkley (1982)  not iced t h a t  t h e  composition of 

f a t  i n  dairy p r o ~ l u c t s  could be modified by f r a c t i o -  

ndt ion,  oy  blendin9 with vegeta i , le  oils and by s u b s t i -  

t u t i n g  vegetable o i l  f o r  milk fat. This approach 



which was used mmmert ia l ly  i n  some count r ies ,  no tab ly  

i n  Sweden, to produce "Dairy spreadsM. 

He further observed an increased r a t i o  of PuFM 

sa tu ra t ed  f a t t y  ac ids  by blending. Bregott  (A blend 

containing 80% milk f a t  and 20% soyabean o i l )  had been 

marketed i n  Sweden s i n c e  1969. I n  1974 a r e l a t e d  low 

i a t  product LATT, L S O M  was introduced, which contained 

40% of a 60:40 mixture of milk f a t  and soyabean o i l .  

Recently Aus t ra l ia  has added r egu l a to ry  s t a ~ d a r d s  f o r  

dairy blends f o r  b u t t e r  and margarine. 

Fox (1982) prepared a blend from unhydrogenated 

soyabean o i l  and concentrated b u t t e r  milk pro te in ,  which 

contained 48% moisture,  40% f a t  (60% b u t t e r  o i l  and 

40% soyabean o i l ) ,  7.5:; pro te in ,  1% ff iO,  1.2% edible 

s d l t s  dnd v d r i o ~ s  addi t ives .  

'DUKAT' a s i m i l a r  product was msde i n  Czechoslovakia 

by using 40% £ f a t  cream which was emulsified with vegeta- 

b l e  o i l  s u c h  as sunflower o i l  a t  a r a t i o  of 27 t o  73 parts 

and was enriched with vitamin A and E. 

Two t y p ~ s  of blends of b u t t e r  were marketed i n  

Aus t ra l ia  one ulcnd comprised of 80% f a t  which comprised 

of 83:; milk f a t ,  14,= corn oil and 3% sunflower o i l .  



Another type of blend contained 80083% mi lk  fat, 

7-10% soya o i l  and 10.0% sunflower  o i l ,  

Moreau e t  a1 (1983) d e s c r i b e d  a proces s  f o r  -- 
e n r i c h i n g  mi lk  and mi lk  products  w i t h  PUFA which 

involved t h e  p r e p a r a t i o n  of an o i l - in -water  emul- 

s i o n  (80r20) i n  a micronizer  under a p r e s s u r e  o f  

3 bar, a s  observed i n  v igg in  sunflower  o i l  wi th  addi-  

t i o n  of Tocopherol a t  90 mg/100 g., us ing  sterile 

wa te r  a s  t h e  aqueous phase. The emulsion was incorpo- 

r a t e d  i n t o  skim mi lk  t o  produce a product  con ta in ing  

33% as i t s  l i p i d .  

A t y p i c a l  p rocess  fo r  product ion  of  b u t t e r  

spread  by r e p l a c i n g  20% mi lk  f a t  wi th  soyabean o i l  

t o  improve s p r e a d a b i l i t y  of b u t t e r  was developed by 

s age (1984) . 
Antcnore e t  a1 (1984) developed a cont inuaus  - -  

churn le s s  process  f o r  producing bu t t e r /vege tab le  f a t  

spread .  The method of manufacture inc lude .  

a )  Concentrat ion of 38-42% crearl t o  a b u t t e r  fat 

c o n t e n t  of 805: o t  tat i n  a cont inuous s e p a r a t o r ,  

b )  The concent ra ted  cream was homogenized a t  

1400-1500 P s i  a t  1 6 1 - 1 6 9 ~ ~  t o  i n v e r t  t h e  o i l  

i n  water emulsion t o  water i n  o i l  emulsion. 



c )  Then the  inver ted  cream w i t h  hydrogenated 

vegetable o i l  was mixed i n  the r a t i o  of 4 0 ~ 6 0 .  

Then cooled (the cream-oil mixture) a t  44 t o  5 6 ' ~  

i n  a scrapped su r f ace  hea t  exchanger. 

A method was standardized t o  prepare a  low temp 

d a i r y  spread by blending b u t t e r  with saf f lower  o r  

sunflower o i l  a t  a minimum l e v e l  of 30%. 

Arsov (1984) described t he  prepara t ion  of a  

product from ripened-cream b u t t e r  and sunflower o i l  

i n  genera l  terms. 

Sa t i sh  Kulkarni -- e t  a1 (19841, (1987), (1988) 

reported the  incorpora t ion  of saf f lower  o i l  i n  b u t t e r  

by d i r e c t  blending i n  a mixer and f u r t h e r  s t a t e d  

t h e i r  rheologica l  proper t ies .  They recornended t h a t  

3 O i u  o i l  incorporation was most economical, t e chn i ca l l y  

f e a s i ~ l e  and obove a l l  commercially v i ab l e  i n  general  

terms. 

Biernorth (1986) described the  methodology f o r  

t h e  manufccture of f a t  blends by d i r e c t  blending of 

non-milk f a t  f r a c t i o n  containing s p e c i f i c  g lycer ides .  

J u t t n e r  -- e t  a1 (1986) described the  process which 

involved production of (i) a f a t  phase and (ii) an 
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aqueous phase, mixing (1) and (ii) and churning. I n  

examples, (i) comprising 40-50% of the spread and 

conta in ing mi lk  o r  vegetable f a t s  and l e c i t h i n  emul- 

s i f i e r  (ii) comprised water and 10-30% of an u l t r a -  

f i l t r a t e d  of buttermilk,  skim milk o r  whey. The 

reduced f a t  spreads contained 25-607; f a t  and f lavour-  

ings.  

Johansson e t  a1 (1988) not iced t h a t  b u t t e r  l i k e  -- 
spreads  spreadable a t  r e f r i g e r a t i o n  temperature could 

be produced by emulsifying mixtures of vegetable o i l s ,  

emuls i f i e r s ,  and skim milk or  b u t t e r  milk and combi- 

ning these  a t  the same temp wi th  the blends of milk 

f a t  and vegetable oil. 

2.6 EFFECT OF BLENiiING 011 PHYSICO-CHEMICAL CHARACTE- 
R I S T I C S  

The poor sp r eadab i l i t y  of r e f r i ge r a t ed  b u t t e r  was 

l a r g e l y  due t o  the  highly s a tu r a t ed  nature  of i t s  

component f a t t y  ac ids  and t h e  sp r eadab i l i t y  of b u t t e r  

was closely co r r e l a t ed  w i t h  Iodine value  ( H i l l  et g. 

1938). 

'robias -- et a1 ( 1 5 5 8 )  obse-ved a n  inc rease  i n  sprea-  

d a b i l i t y  i n  b u t t e r  blends t o  as  h i g h  as  88% on bread. 



Kapsalis et (1963)  observed t h e  e f f e c t  of 

additives on the spreadabi l i ty  of bu t t e r s .  The mate- 

r i a l s  inves t iga ted  included g lycer ides  and vegetable  

o i l s  e t c .  The r e s u l t s  revealed t h a t  severa l  vegetable 

o i l s  were e f f e c t i v e  i n  improving t h e  sp r eadab i l i  ty . 
' h e n  vegetable  o i l s  were added t o  the conventionally 

churned bu t t e r ,  the  spreadabi  li t y  was improved by 

10 t o  44%. However, the add i t ives  d id  not  appear t o  

a f f e c t  the  keeping q u a l i t y  nor a l t e r  the  chemical 

na tu re  of the  bu t t e r .  

Dixon (1970) noticed an i nc r ea se  i n  sp r eadab i l i t y  

of b u t t e r s  a t  low temperature (0 -4 '~ )  by modifying t h e  

cons t i  t u t i on  of b u t t e r  fat. 

'ioncoskie .-- e t  a1 (19721 and Hehira e t  a1 (1976) -- 
repor ted  an increased sp r eadab i l i t y  a t  r e f r i g e r a t i o n  

tempersture with an inc rease  i n  the  PUFA content  o f  

b u t t e r  f a t .  

Tirnmen (1978) reported an i nc r ea se  i n  spreada- 

b i l i t y  of b u t t e r  from PUFA enriched milks a t  room and 

r e f r i g e r a t i o n  temperatures. 

Aage (1984)  presented a tabula ted  d a t a  on f a t t y  

acid composition which was used t o  show how the  



replacement of about 20% of the  milk f a t  with soybean 

o i l  improved the  spreadabi l i ty  of dairy  blends. 

Sa t i sh  Kulkarni and Rama Murthy (1985), (1987), 

(1988) reported an increase  i n  t h e  mean spreadabi l i ty  

scores  of b u t t e r  with an increase  i n  the  l eve l  of 

vegetable o i l  (saff lower o i l )  incorporation i n  bu t te r .  

J u t t n e r  e t  a1 (1986) noticed t h a t  milk fat-vege- -- 
t a b l e  f a t  spreads which contained 25-6VA f a t  and 

f lavourings spread very well and could be s to red  f o r  

6 weeks a t  7'~ without any change i n  the  sp readab i l i t y .  

Gupta -- e t  a1 (1987) and Prajapathi  e t  a1 (1987) -- 
observed an  increase i n  the sp readab i l i t y  of b u t t e r  

rich i n  FUFA and indicated t h a t  t h i s  could be achieved 

by blending deodourized vegetable f a t  i n  bu t t e r .  

Johansson e t  -- dl (1988) observed an increase  i n  

spreadabi l i  t y  of b u t t e r  which contained 30- approxi- 

mately 100% f a t .  

2.6.2 Hardness of b u t t e r  

Kapsalis -- e t  a1 (1963) reported the  e f f e c t  of 

addi t ives  on the hardness of bu t te r .  They f u r t h e r  

reported a decrease from 3 t o  21% i n  hardness of 



b u t t e r  w i t h  the a d d i t i o n  of vege tab le  o i l s  and glyce-  

r i d e s  ete. without  a l t e r i n g  t h e  chemical n a t u r e  of 

the butter. 

Mickle -- et dl (1963) not iced  that the hardness  

of t h e  b u t t e r  was found t o  dec rease  w i t h  increased 

c a t a l y s t  concen t ra t ions .  A 50 - + 5% reduc t ion  i n  

hardness  was accomplished with vege tab le  o i l  concen- 

t r a t i o n  of 1-25. T h i s  c a t a l y s t  effect was r e l a t e d  

t o  t h e  formation of d i g l y c e r i d e s  whose emuls i fy ing 

p r o p e r t i e s  p a r t i a l l y  explained t h e  decreased b u t t e r  

hardness.  

Bachanan and Rogeri (1973) r epor ted  t h z t  b u t t e r  

vege tab le  o i l  blend had a t e n d e n c y  t o  breakdown, oil 

o f f  r a p i d l y  and had decreased hardness.  

S c o t t  -- e t  a1 (1978) repor ted  t h a t  the  so£ t en ing  

poing of b u t t e r  blends r i c h  i n  PUFA was decreased by 

30% r e f l e c t i n g  t h e  improved s p r e a d a b i l i t y  of poly- 

unsatura ted  b u t t e r .  

Bath (1982)  repor ted  t h a t  t h e  b u t t e r s  made from 

milks  r i c h  i n  P U F A  w a s  s o f t  when r e f r i g e r a t e d  and was 

more s u s c e p t i b l e  t o  o x i d a t i v e  r a n c i d i t y  due t o  h i g h e r  

unsa tu ra t ion .  



Mortensen e t  a1 (1982) obse rved  a 35% d e c r e a s e  -- 
i n  f i r m n e s s  of b u t t e r  i n c o r p o r a t e d  w i t h  soybean o i l  

measured a t  7'~. H e  f u r t h e r  n o t i c e d  an i n t e r a c t i o n  

oetween h a r d n e s s  and I o d i n e  v a l u e .  

S a t i s h  K u l k a r n i  and Rama Murthy (1985), (1987) ,  

(1988) obse rved  a d e c r e a s e  i n  h a r d n e s s  of  b u t t e r  

i n c o r p o r a t e d  w i t h  s a f f l o w e r  o i l .  They f u r t h e r  n o t i c e d  

an i n c r e a s e  i n  h a r d n e s s  w i t h  a decrease i n  t e m p e r a t u r e  

from 1 5 ' ~  t o  O'C. The decrease i n  h a r d n e s s  was marked 

w i t h  an i n c r e a s e  i n  t h e  l e v e l s  o f  a d d i t i o n  o f  s a f f l o w e r  

o i l  i n  b u t t e r .  

P a t e l  e t  dl (1989) p r e s e n t e d  t h e  cone stress -- 
i n d e x  of a p r o t e i n  e n r i c h e d  low f a t  sp read  t o  i ~ j d i c z t e  

h a r d n e s s  o f  p r o d u c t ,  They f u r t h e r  obse rved  t h a t  t h e  

h a r d n e s s  o f  b u t t e r  s p r e a d  had d e c r e a s e d  w i t h  an i n -  

crease i n  v e g e t a b l e  f a t  l e v e l  i n  b u t t e r .  

2.6.3 I o d i n e  v a l u e  

Kehar e t  a 1  (1956) de te rmined  I o d i n e  v a l u e  o f  -- 
cows and b u f f a l o  f a t s  which ranged from 27.4 t o  40.5 

(average  34.4) . There were no s i g n i f i c a n t  v a r i a t i o n s  

i n  r e g a r d  t o  I c d i n e  va lue  i n  cow and b u f f a l o  b u t t e r  

f a t .  Kankare (1974) de te rmined  I o d i n e  v a l u e  of m i l k  

f a t  and t h r e e  of i t s  s o l i d  F r a c t i o n s  o b t a i n e d  a t  



24O, 18' and 1 2 ' ~  as w e l l  as of the remaining l i q u i d  

f a t  as 31.2,  24.9, 24.1, 28.7 and 40.5 r e s p e c t i v e l y ,  

Youseef et & (1977) reported that Iodine values of 

low mel t ing  f r a c t i o n s  of  mi lk  f a t  were h igher  than  

of t h e  high m e l t i n g  f rac t ions .  S i m i l a r  observations 

have been made by F j a e r v o l l  (1969) and Nor r i e s  e t  a1 -- 
(1976) while  s t u d y i n g  t h e  I o d i n e  v a l u e s  of  milk  f a t  

and its fractions. 

Dixon (1964) r e p o r t e d  an i n c r e a s e  i n  Iod ine  

value with a  cor responding  increase i n  the unsatu-  

rated f a t t y  a c i d s  i n  butter f a t .  

Mortenseli et a1 (1982) reported a decrease in -- 
Iodine value  of b u t t e r  samples from 35 t o  32  r e s u l t s  

i n  an i n c r e a s e  i n  butter f i rmness  (of) by approxi-  

mately  50%. 

S a t i s h  Kulkarni  and Rama Murthy (1987) r e p o r t e d  

all increase i n  Iodine v a l u e  of butter from 29.8 - 3 4 . 3  

(32 .9 )  to 65.9 t o  68.3 (67.2) in 30% s a f f l o w e r  o i l  

incorporated butter olend. 

Joharisson -- et a1 (1988) observed t h e  Iodine v a l u e  

of a spread as  25-65 in b u t t e r  which conta ined  30 - 
approximately 100;: f a t .  



2.u.4 Peroxide value  

Bachanan and Rogeri (1973) repor ted  an i nc r ea se  

i n  the  peroxide value i n  but ter /vegetable  o i l  blend 

dur ing t h e  s t o r age  period f o r  6 weeks. H e  f u r t h e r  

ind ica ted  t h a t  peroxide value below 0.50 m.eq/kg f a t  

was of acceptable q u a l i t y  regarding oxidat ion.  

Cadden -- e t  a1 (1984a) (194b) reported no s i g n i f f -  

can t  d i f f e r ence  i n  b u t t e r  blends with regards to  

peroxide value f o r  one month. The i n i t i a l  peroxide 

value of the b u t t e r  was 0,007 meg/kg f a t  and f o r  the 

~ U F A  enriched b u t t e r s  it was found t o  be 0.051 meq/kg 

f a t ,  They further s t a t e d  t h a t  t h e r e  was no change 

i n  s to rage  s t a b i l i t y  of b u t t e r  f o r  one month. 

2.6.5 E'FA content  

Sukumar D e  (1976) reported t h a t  the  f r e e  f a t t y  

dcid content  of b u t t e r  and b u t t e r  o i l  was 0.2 t o  0.5% 

o l c i c  acid.  

Cadden -- e t  a1 (1984a) (1984b) reported t h a t  t h e  

f r e e  f a t t y  ac ids  content  of b u t t e r  r i c h  i n  PUFA was 

within the normal content  of b u t t e r  values of 0.2 t o  

0.5',, o l e i c  acid.  



2.6.6 Sensory c h a r a c t e r i s t i c s  of b u t t e r  and i t s  blends 

Miller (1968) reported similar b u t t e r  f lavours,  

co lo r  and appearance, and body and t ex tu r e  of b u t t e r  

vegetable o i l  blends. H e  f u r t h e r  observed the  long 

shel f  -1if e of  b u t t e r  blends without spoi lage  o r  develop- 

ment of of £-f lavours under normal s torage  temperature 

of 24-38'~. 

Edmondson -- e t  a1  (1972)  reported t h a t  t he  f l avour  

scores  of milks evaluated one day a f t e r  processing 

decreased with increas ing amounts of Linole ic  acid 

(C18: 2 )  and decreased f u r t h e r  on storage.  I n t e n s i t y  

of Oxidized f lavour  was marked a f t e r  24 h r s  of s torage.  

Bachanan and Rogeri (1973) reported t h a t  b u t t e r  

r i c h  i n  PUFA had a l i g h t e r  co lo r  and f u r t h e r  s t a t e d  

no se r ious  f lavour  defects i n s ~ i t e  of the rice i n  t h e  

peroxide value of b u t t e r  blends. 

Goering -- e t  a1 (1976) reported off-f lavours pre- 

dominantly of an oxidized nature, developed i n  milks 

containing high l i n o l e i c  acid. 

Hehira -- e t  a1 (1976) developed a b u t t e r  f at/vege- 

t a b l e  o i l  blend that was observed t o  have same f l avou r  

of bu t t e r .  H e  f u r t h e r  concluded t h a t  the f lavour  was 



acceptab le  and recommended t h a t  20% vegetable  o i l  was 

s u i t a b l e  f o r  coiilrnercial development. On s to rage  a t  S*C, 

the blend maintained an acceptable  f l avour  f o r  several 

months. 

Fogerty e t  -- a1 (1980) reported t h a t  t he  l i n o l e i c  

acid  enriched milks  were s u i t a b l e  f o r  human consumption. 

Hood (1981) and Bath (1982) not iced t h a t  t h e  high 

l i n o l e i c  acid conten t  i n  milk f a t  has  increased sus- 

c e p t i b i l i t y  t o  l i p i d  auto-oxidation and developed an 

oxidized f l avour s  . 
Arsov (1984) descr ibed a spread which has  r e t a ined  

i t s  i n i t i a l  o rganolep t ic  c h a r a c t e r i s t i c s  almost unchanged 

0 
f o r  6 wicks a t  0-8 C. 

Cadden e t  a1 (1984a) (1'384b) reported no s i g n i 5 i c a n t  -- 
d i f f e r e n c e  i n  b u t t e r  and b u t t e r s  r i c h  i n  E'UFA with regards 

t o  t he  f lavour  c h a r a c t e r i s t i c s  f o r  one month. 

Sa t i sh  Kulkarni and Rma i?urthqV (l9f35:, (19871, (1988) 

reported non-s iqn i f ican t  chmges i n  f lavour ,  co lo r  and 

appearance of t h e  bu t te r - sa f f  lower o i l  blend t o  cont ro l  

b u t t e r .  They f u r t h e r  observed an improvement i n  c o l o r  

and appearance by whipping and reco mended completely 

deodourised sa f f lower  o i l  t o  avoid f l avour  defec t s .  



Biernorth et a1 (1986) developed a spread, which 

was reported to have same sensory and textural proper- 

t i e s  as t h a t  of c o n t r o l  butter. 



CHAPTER I11 

3 .  MATERIALS AND METHODS 

3.1 MATERIALS 

3.1.1 Butter 

Sweet cream (unripened) b u t t e r  was prepared us ing  

cream w i t h  t h e  u s u a l  and s tandard  procedure adopted i n  

t h e  milk  products  f ac to ry ,  Ch i t t oo r  (Appendix I). 

3 .I. 2 Veqetable o i l  

Refined and deodourised s a f f l ower  o i l  so ld  i n  t h e  

brand name of SAFFOLA manufactured by M/s Hindustan 

Levers Ltd., Bombay was used f o r  b l e n d i n g  purposes, 

3.1.3 Skim milk powder 

Skim milk powder spray d r i e d ,  sold i n  t h e  brand 

name of SAGAR manufactured by Mehsana D i s t r i c t  Co-op 

Milk Producer ' s  Union Limited, IYehsana-1s: 1165. 

3.1.4 S a l t  - 
Sodium c h l o r i d e  ex t r apu re  14/S Sarabhai M Chemicals 

Limited was used i n  b u t t e r  a t  2% l e v e l .  S a l t  has  been 

added t o  t h e  butter while t h e  b u t t e r  was C I ~  working 

s tage .  S a l t  was added by s p r i n k l i n g  the s a l t  on b u t t e r  

and worked t o  ensure  unif  o m  d i s t r i b u t i o n  . 



CHEMICALS 

Iodine Monochloride ( I c l )  - Merck Ind ia  Limited, 
Bombay. 

Glac ia l  a c e t i c  acid - herck Ind ia  Limited, BomDay. 

Sodium Thiosulphate - Merck Ind ia  Limited, Bomuay. 

Starcn Extrapure - Reidel ( India)  Chemicals. 

Carbon Tetrachlor ide - Reidel (India) Chemicals. 

Pot  Iodide - BDH l a b  chemicals. 

Chloroform - Reidel (India) chemicals. 

calcium carbonate - Sarabhai M chemicals. 

Sodium Hydroxice - Kerck Ind ia  Limited. 

Neutralized Alcohol - Merck Ind ia  Limited. 

Sodium Metal - Reidel ( Ind ia )  Chemicals. 

Methanol - Sarabhai (MI Chemicals. 

Arnmonia - BDH Lab Chemicals. 

Petroleum and diethy1 e t h e r  - Reidel ( Ind ia )  
Chemicals. 

3 .3 METHODS OF TESTINC7 

3.3.1 Butter 

d u t t e t  was analysed on the day of preparation f o r  

f a t ,  moisture, curd and s a l t .  

Butter f a t  was estimated by Mojar~nier Method as 

per  the  procedure de:-cribed i n  In s t ruc t ions  Manual f o r  s e t t  

i n g  up and operat ing the  Mojonnier Milk t e s t e r .  a u l l e t i n  



3 . 3 . 3  Mois tu re  

Mois tu re  c+ . .n ten t  of b u t t e r  was e s t i m a t e d  as p e r  

t h e  p rocedure  d e s c r i b e d  i n  IS1 Hand Book of Food analy- 

sis p a r t  X I .  SP 18 ( p a r t  XI) - 1981, 64.2.2. 

3 . 3 . 4  Curd - 
Curd c o n t e n t  of b u t t e r  was e s t i m a t e d  as  per t h e  

p rocedure  d e s c r i b e d  i n  ISI, Hand Book of  Food analysis 

p a r t  XI. SP 18 ( p a r t  XI) - 1981, 65.3. 

3.3.5 S a l t  - 
Salt c o n t e n t  of b u t t e r  \;as e s t i m a t e d  a s  p e r  the 

p rocedure  d e s c r i b e d  i n  I S I ,  Hand Book of Food a n a l y s i s  

p a r t  X I .  SP 18-1981. 

The composi t ion  of  b u t t e r  was kep t  t o  the d e s c r i b e d  

s t a n d d r d s  of Table b u t t e r .  Contro l  b u z t e r  was p r e p r e d  

accord ing  t o  t h e  u s u a l  procedures .  

3.4.1 Z u t t e r  - Vt.  : e t a b l e  o i l  (saif lower  o i l )  b l end  

Contro l  b u t t e r  was t ~ m p e r e d  by keeping i n  an incu-  

b a t o r  at 2 0 ' ~  -or 3-4 hrs .  So as t o  o b t a i n  a c o n s i s t e n c y  

s u i t ; b l e  f o r  u l e n d i n g  purpose. The b lending of v e g e t a b l e  

o i l  was done i n  Cumeet Mixer a s  fo l lows .  



Calculated amounts of b u t t e r  and vegetable  o i l  were 

t r a n s f e r r e d  t o  the bowl of t h e  mixer along with mois ture ,  

skimmed milk powder (S i8 )  and s a l t  t o  ob t a in  16';; moisture  

2% curd,  2% s a l t  i n  t h e  f i n a l  blend. The mix':ure was 

blended thoroughly i n  t h e  mixer f o r  a t  l e a s t  40 minutes 

t o  o b t a i n  a uniform consis tency i n  t he  f i n a l  product.  

The product was t r a n s f e r r e d  t o  wooden moulds a d  i t  was 

kepi  a t  O'C for hardening. Sa f fo l a  has been incorporated 

i n  t h e  con t ro l  butter a t  10,  20 ind 30% l e v e l s .  

3 . 4 . 2  Composition of blend 

The f i n a l  composition of c o n t r o l  b u t t e r  and exper i -  

mental b u t t e r  is  given i n  C h ~ p t e r  I V .  This hcs been 

a r r i v e d  a t  a f t e r  consider ing va r ious  combinations and 

s t a b i l i t y  f a c t o r s  of o i l  incorpora t ion  i r i t o  b u t t e r .  

3.5 FH'iSICAL TESTS 

3.5.1 Sensory eva lua t ion  

The sensory q u a l i t y  of b u t t e r  was assessed by a  

panel  of 5 judrjes from 3cgartment of Dairy Technology, 

College of Veter inary Science, T i rupa t i .  . A t  d i f  f e- 

r e n t  i n t e r v a l s  o: per iods ,  memDers were asked t o  d e t e r -  

mine t h e  s c n s o q  c h a r a c t e r i s t i c s  of b u t t e r .  Each panel 

member d id  t h i s  by spreading a  p a r t  of b u t t e r  on bread 



w i t h  a table k n i f e  a t  uniform tempera ture  of 5 + loco 

The panelists were i n s t r u c t e d  t o  ruze each sample on  

9 p o i n t  Hedonic Scale .  

HEDONIC SCALE 

Liked Extremely 

Liked v e r y  much 

Liked modera te ly  

Liked s l i g h t l y  

N e i t h e r  l i k e d  nor  d i s l i k e d  

D i s l i k e d  s l i g h t l y  

D i s l i k e d  moderately 

D i s l i k e d  v e r y  much 

D i s l i k e d  ext remely  

C h i i r a c t e r i s t i c s  Sample No. 

1 2 .  3 .  4. 

-- - -  

F l a v o u r  

Body and 'Yexture 

Colour and ai.~pe&rance 

The h a r d . . e ~ s  o f  n u c t e r  and i t s  blends was measured 

i n  terms of p e n e t r a t i o n  va lue  wi th  t h e  h e l p  of penetromere. 



a t  15' + I'C. The b u t t e r  mould was placed on t h e  

pla t form provided i n  t h e  penetrometer. The cone of 

penetrometer was j u s t  adjusted t o  touch the  su r f ace  of 

t h e  bu t t e r .  The cone was then r e l ea sed  t o  pene t r a t e  

t he  block f o r  exac t ly  10  sec .  The d i s t ance  through 

which the cone pene t ra ted  i n t o  the b u t t e r  was r e f l e c -  

t ed  on the d i a l  of the penetrometer. A t  l e a s t  5 obser- 

va t i ons  were taken f o r  each mould a t  d i f f e r e n t  p o i n t s  

l eav in ;  a t  l e e s t  one inch between two points .  The 

average of t h e  5 observa t ions  was taken as t h e  pene- 

t rometer  reading (Dixon and Parekh 1979).  

3.5.3 Sprcadabi l i  t y  

Spreadabi l i ty  of b u t t e r  was taken a t  5 - + 1°c. 

Judges were asked t o  observe the  s p r e a d s b i l i t y .  Each 

panel  member d i d  this by s p r e a d i n g  a p a r t  of b u t t e r  on 

bread with a t a b l e  k n i f e  a t  uniform temperature. The 

p a n e l i s t s  were i n s t r u c t e d  t3 r a t e  each sample on objec- 

t i v e  evaluat ion.  

3 . 6  c!iEPIICAL TEST:- The but-r f a t  has  been ex t r ac t ed  by 

Mo j onnie r  P l e t h o  3 .  

Mo jonni<:r Method of But te r  f a t  e x t r a c t i o n  

For f i t s t  ex t r ac t i on ,  1.0 gm of sample bas taken 

i n t o  the  e x ~ r a c t i o n  f l a s k .  To this 8 m l  of water, 1.5 c.c 

of ammonia was added. 10 C.C. of alcohol ,  and 25 c.c.  o f  



each  e t h y l  and petroleum e t h e r s  were added. Shaked 

thorouqhly a f t e r  the a d d i t i o n  of t h e  a lcohol ,  and 20 

seconds a f t e r  t h e  a d d i t i o n  of each of t h e  two e t h e r s .  

&en t r i fuged  it f o r  onc-hclf minute. 

For t he  sec0r.d e x t r a c t i o n ,  n s i  t h e r  water nor  

a,,~nonia was added. 5 C.C. of a l coho l  25 c.c each of 

e t h y l  and petroleum e t h e r  was added and shaken f o r  

L'b si ,conds s r ' t e r  t h c  a d d i t i o n  of each r eagen t ,  Con- 

trl fuged f o r  one-half minute, The c o n t e n t s  were 

c h d . g e d  t o  a d i s o  i.!.ici~ \,as t o  be kept  ax 135'~ for 

iive minutL.s. d t e r  the evs1,oration o f  t h e  e t h e r ,  

t h e  ciirh was k e ~ t  i n  t h e  coo l ing  d e s i c c a t o r  for seven 

micutcs .  Then the  b u t t e r  f a t  was ready f o r  f u r t h e r  

a n a l y s i s .  ':hi; f u t  was used f o r  e s t i m a t - n g  ~ o d i n e  

v , , l  ,IL., 1 3 ~ - ~ x  lile v ~ : ~ L J C  l d t t y  ac ' l~ l :~  con ten t  and 

i .6 .1  Iodine  v . l u e  

;o.iin- v - lu?  of b u c t e r  smples were es t imated  as 

ld,r tlie ?rocedure  described I n  *SI Hand aook of Food 

~ n ~ l ; . .  i; p,rt :,:I. 18 ( p a r t  XI) 1981. 

, . 
t ,  1 ] r ' ;<et1*0d 

Cliar r ~ t  CL b.40 to 0.45  g w c i ~ l ~ t  w&t; thken i n t o  

< l t % : n  c ~ , : L : L ~  ! cor:ic31 ~lusk. The i u t  was d i s s o l v e d  



i n  15 m l  of  carbon t e t r a c h l o r i d e  and 25 m l  of W i  js 

r e a g e n t  ( Iodine  Monochloride g l a c i a l  a c e t i c  a c i d  ) was 

added t o  t h e  d i s s o l v e d  f a t  by means of a  b u r e t t e .  The 

f l a s k  was c losed  wi th  a s t o p p e r .  The c o n t e n t s  were 

mixed c a r e f u l l y  and allowed t o  s t a n d  f o r  1 h r  i n  t h e  

dark .  20 ml of potassium I o d i n e  s o l u t i o n  2nd a;;i~roxi- 

ma te ly  150 m l  of d i s t i l l e d  wa te r  were added and mixed. 
, - - - - .  .. -. -.--.- -- -. 

The c o n t e n t s  were then  l i t r a t e d  w i t h  0.1 N Sodium 

t h i o s u l p h a t e  s o l u t i o n  (using 2 ml of  s t a r c h  a s  an  i n d i -  

c a t o r )  s w i r l i n g  t h e  l i a u i d  c o n s t a n t l y .  Tht? s t d r c h  

s o l u t i o n  was added s h o r t l y  b e f o r e  t h e  end of ?he titra- 

t i o n  and t h e  c o n t e n t s  were shaken v i a o r o u s l y .  A blank 

test was c c r r i e d  o u t  subsequently u s i n g  the sane  

q u a n t i t i e s  of the reagen t s .  

1 . V  = 12.69 ( B - S )  N 
W 

B = volume i n  m l  of standard sodium t h i o s u l p h s t e  

s o l u t i o n  f o r  t h e  blank.  

S = volume i n  m l .  of s t andard  sodium t h i o s u l p h a t e  

s o l u t i o n  r e q u i r e d  for the  sample. 

N = Normality of  s t andard  Na2S203 s o l u t i o n  and 

W = w e i ~ h t  i n  g of t h e  m a t e r i a l  taken for t he  t es t .  

3.6.2 Peroxide  v s l u e  

Peroxide  v;,lue (expressed as  m i l l i  e q u i v a l e n t s  of 

of pe rox ides  per kg of L a t )  was de tenn ined  a s  pe r  o f f i c i a l  

methods of a n a l y s i s  of A.O.A. C. (1980). 



3 . 6 . 3  Free f a t t y  acids 

FFA value of b u t t e r  samples (expressed as pe rcen t  

o l e i c  ac id)  were est imated as per  t h e  procedure dcs- 

cribed in IS1 Hand Book of food ana1::sis pa r t  X I  SP 18 

(part X I )  1981, 0 4 . 5 ,  94 .  

3 . 6 . 4  F a t t y  acid pro f i l e  

Fatty a c i d  p r o f i l e  was d e t e r m i n e d  by gas l i q u i d  

chromatography 

Froccdure for GLC 

3.6.4.1 Gas-liquid ehcomatogra~~hy of fate;  acids 

The f a t t y  acid p r o f i l e  of thr3 b u t t c r  samples were 

determined by y z s  l i q u i d  chromatographic (::LC) technique 

ai t c r  converting the  saiiples i n  t h e i r  methyl est62rs. 

3.6.4.2 Extract ion of f a t  

P a t  was ex t rac ted  from t h c  b u t t e r  ~ ' ~ r n p l e  by 

PIO joinnier m~thod . 

3 . 6 . 4 . 3  P r c p d r ~ t ~ o n  of f a t t y  acid  mtthyl  e s t e r s  

Fa t ty  acid rneth- 1 ester:; of b u t t e r  f a t  were pre- 

pared by the s:,aled tube m ~ t h o d  of D e  Man (1964). The 

sample of f. t was weighed (40-50 mq) i n  y l a s s  ampoule 



t o  which double  "olume of 0.2 N sodium nethoxide  

was added. The ampoule was h e a t  s c a l e d  and k e p t  i n  

an oven a t  8 0 ' ~  f o r  e s t e r i f i c a t i o n  of f a t t y  a c i d s  

u n t i l  a uniforiu l a y e r  was formed. A t  t h e  t i m e  of  

a n a l y s i s  ampoules were broken and s a m p l e  was i n j e c t e d  

w i t h o u t  f u r t h e r  t r ea tmen t .  

3.6.4.4 Opera t ing  parameters  f o r  GLC a n a l y s i s  

GLC a n a l y s i s  was c a r r i e d  o u t  i n  a double coljrnn 

gas  chromatograph (Airnil - NocoN 5700: Japan)  f i t t e d  

wi th  FI2, t empera tu re  con?rol modules, and r i n g l e  pen 

r c c o r d e r  m n i s c r i b c .  A 6 ft x 1/4 inch r l a s s  column 

was picked wi th  3MCS-80-100 ( s u p p o r t ) ,  3255-15:; 

( l i q u i d  phase ) .  The sarni~le ;.:as i n j e c t &  a t  an  i n i t i a l  

0 
ternpcrature of 70 C and the temFcra ture  was proqrar-med 

0 
t o  r i s e  a t  t h e  r a t e  of 4 C/min t o  f i n 3 1  tpmperaturc 

of  200'~. The t e ~ i t p e r s t u r e  of i n j e c t i o n  p o r t  and 

d e t e c t o r  was 220'~. IJ i t rogen w a r  used 2s L a - r i c r  

gas. 

FID module c o n t r o l :  At inuz t ion  : 8, Sensitivity: xlOO 

Ternper.3' u :  * c o n t r o l  module: I n j e c t i o n  t e r n l j l  r a t u r c :  

0 
220°C; a c t c c t o r  Temperature 220 C; Ovcn tcm,)i:r.tu:-e:70-1130' 

car;i. r G a s  : h', 30 ml/min. 

F u e l :  H ~ :  35 rnl/rnir; and 0,: 300 ml/min. 
L 



Recorder: v o l t z  0.01 and c h a r t  spee.1: 1 cm/min. 

Sample s i z e :  0.15 u l i t r e .  

3.6.4.5 I d e n t i f i c a t i o n  of f a t t y  a c i d  peaks and c a l c u l a t i o n  
of peak a r e a s  

Areas under each pcak was ob ta incd by mu1 ti p l y i n g  

pcak h e i g h t  by peak  w i d t h  a t  h a l f  h e i q h t .  (I<EuLEM.'::S 

A.1 .M. GAS CIiRCNATOGR&'HY. 2nd ed . REIh'i-IOU FUBL CCR; , -. 

NEW YORK. 1959). 

3.6.5 Stor,lcjc s t u d i c s  

k 40 days s torzqc  s tud ie s  weze conducted. !he 

bu t te r -b l  nd samples  were a n a l y s e d  c t  t h o  r e  l u l a r  i n t e r -  

v a l s  of 3, 10, 20, '0 and 4'  days f o r  h y c i c a l  and 

chemical p~ rm8sters. 

3.6.6 Coinparative cos t  s t u d i e s  

Produckion c o s t  35 above k i n d  of b u t t c r  b lcnds  ',.:as 

c a l c u l a t e d  as p r  t h e  I z s t c s t  ra tes ,  

3.6.7  S t a t i  - t i c a l  a n a l y s i s  

S t a t i s ! . i c s l  ~ m a l y s i s  of t h e  data was c s r r i c d  o u t  

as p e r  t h e  procedure l a i d  3ow11 i n  Snedecor and Cochtan 

( 1 9 6 7 ) .  



CHAPTER IV 

4 .  RESULTS 

This  s e c t i o n  d e a l s  wi th  t h e  o b s e r v a t i o n s  o b t a i n e d  

on v a r i o u s  aspects v i z . ,  composi t ion  of b u t t e r ,  cornpo- 

s i t i o n  of b lends  f a t t y  a c i d  p r o f i l e  of c o n t r o l  bu ter, 

i t ' s  b l e n d s  and e f f e c t  of b lend ing  s a f f l o w e r  o i l  a t  

lo%, 20% and 30% l e v e l s  on 1ot:ine value,  pe rox ide ,  f ree  
- . .  . 

f a t t y '  a c i d s  c o n t e n t s , '  s e n s o r y  e v a l i a t i o n ,  hardness  and 

s p r e a d a b i l i t y  of t h e  b u t t e r  d u r i n g  t h e  ~ . r e s c n " _ i n e s t i -  

g a t i o n .  

4 .I C3;:POSITIO:J OF BUTTER AED ITS BiE lDS  

The  r e s u l t s  p r t a i n i n q  t o  thc f a t  c o n t e n t  i n  con- 

t r o l  b u t t e r  and i t ' s  b lends  with lo::, 20:; an3  30% sa f -  

f l o w e r  o i l  and chances i n  f a t  content d u r i n o  s u b s e . r _ u ~ n t  

s t o r a g e  f o r  40 days a r e  p r e s e n t e d  i n  t a b l e .  1. 

I t  may be seen from t he  table that the average 

f a t  c o n t e n t  of conf:rol butter and it's o l e n ~ l s  wi th  10: , 

20% an.i 30, 7 s .  f l o r i c r  oil was founcl t o  be  90.05, V . 0 3 ,  

80.03, 80.05 r c e n t  r e spc .c t ive ly .  I t  m,iy be Eur?hcr 

s e e n  t h ~ t  t h e  t c o n t e n t  remained 5 a i r l y  c o n s t a n t  d u r i n z  

s t o r a g e  period 05 40 d a y s  b o t  i n  ( o n t r o l  anti i t ' s  

blends. 



Table 11 Fat  content(%) of control  bu t t e r  and butter-safflower oil (10% 20% and 30%) blends, 

Treatments Storage period (days) 
Source 0 10 20 3 0 40 

Control 80,05 79,95 80,13 8OlO0 79,98 



S t a t i s t i c a l  a n a l y s i s  of t h e  d a t a  (Table 2)  d i d  

n o t  i n d i c a t e  any s i g n i f i c z n t  difference i n  t h e  l e v e l s  

of fat c o n t e n t  observed e i t h e r  i n  c o n t r o l  b u t t e r  o r  

i t ' s  blends.  F u r t h e r  it d i d  n o t  recognize  any v a r i a -  

t i o n  i n  t h e  l e v e l s  of f a t  d u r i n g  s t o r a g e  per iod .  

4.1.2 Mois ture  

. . . . .  

The r e s u l t s  i n  Table 3 represents t h e  mois ture  

c o n t e n t  i n  c o n t r o l  b u t t e r  and it';; b lends  w i t h  lo%, 20% 

and 30% safflower o i l  and changes i n  mois ture  c o n t e n t  

d u r i n g  subsequent  s t o r a g e  f o r  40 days .  

I t  may be seen from t h e  t a b l e  t h a t  t h e  average 

mois tu re  con t e n t  of c o n t r o l  b u t t e r  and i t ' s  b lends  

wi th  lo"/., 20% and 30% sa f f lower  o i l  w a s  found t o  be 

16.0, 15.98, 15.95,  15.05 pe rcen t  r e s ~ ~ c c t i v c l y .  I t  may 

be f u r t h e r  noticed t h a t  t h c  moisture con ten t  remained 

f a i r l y  cons t an t  du r ing  s t o r a g e  per iod  of 40 days i n  

c o n t r o l  b u t t e r  a r ~ d  i t  's blends.  

S t a t i s t i c a l  a n a l y s i s  of t h e  d a t a  ( ~ a b l c  4 )  d i d  n o t  

i n d i c a t e  any s i g n i f i c a n t  d i f f e r e n c e  i n  t h e  l e v e l s  of 

mois ture  con ten t  observed i n  e i t h r r  c o n t r o l  b u t t e r  o r  

i t ' s  blends.  F u r t h e r  it d i d  n o t  i n d i c a t e  any s i g n i f i -  

c a n t  v a r i a t i o n  i n  t h e  l e v e l s  of mo i s tu re  d u r i n a  s t o r a g e  

pe r iod .  



Table 2 1  Anova table for  f a t  content in control but ter  and its blends with 1@, 20% and 3& 
safflower o i l  

:ource of variation DF Mean squares F Ratio 

3 0,0488 &tween t r i a l s  2,3647 

Between treatnents 3 0,0138 0,6684 

Treatments 19 0,0085 0,4142 

letween o t o  rage periods ( F ~ )  4 

Interaction (Fl x F ~ )  

Error 5 7 0,0206 

Tot a1 7 9 



Table 31 Moisture content (%) of control butter arid butter-safflower oil (lo%, 20% ahd 36%) 
blends, 

Treatments % Storage period (days) 
source 

0 10 20 3 0 40 6 

control l6,O l6,O 15,95 15,97 160 



Table 4 1  $ova table f o r  moisture content in control butter and i t s  blends with lo%, 20% 
and 30% safflower o i l  

Source of variation DF Mean squares F Ratio 

Between t r i a l s  3 0,0108 0,7885 

Between treatments ( f l )  

Between storage periods (FZ) 4 0,0301 2,2011 

Interaction (PI x F ~ J  

Error 

Total 7 9 

-... I I I I - I - - - I - - . - - - - - . - - - - - - - . I I I I I - - - - ~ - - - - - - "  



4.1.3 Curd - 
The r e s u l t s  p e r t a i n i n g  t o  t h e  conten t of curd  

i n  c o n t r o l  b u t t e r  and i t s  b l e n d s  w i t h  lo"/, 20% and 

30% s a f f l o w e r  o i l  and chances  i n  c u r d  c o n t e n t  d u r i n g  

s u b s e q u e n t  s t o r a g e  f o r  40 days  are p r e s e n t e d  i n  

Table  5. 
-. - . -  . . .. 

I t  may b e  n o t i c e d  from t h e  t a b l e  t h a t  t h e  a v e r a g e  

c u r d  c o n t e n t  o f  c o n t r o l  b u t t e r  and i t s  b l e n d s  with 10?;, 

20% and 3 C Y o  safflower o i l  was found t o  b e  2.05, 2.00, 

2.03, 1.95 p e r c e n t  r e s p e c t i v c l y .  I t  may be f u r t h e r  

n o t i c e d  t h a t  t h e  c u r d  c o n t e n t  remained f a i r l y  co 1 : t a n t  

d u r i n g  t h c  4 0  d a y s  s t o r s g c  p r r i o 3  b o t h  i n  t h c  c o n t r o l  

b u t t e r  and i t s  b l e n d s .  

S t a t i s t i c a l  a r . a l y s i s  of tho lsta ( T a b l e  C )  d i d  

n o t  irialicdte a, y s i c n i f i c a n t  difference i n  t h e  1cv~:ls 

of c u r d  contr nt, obse rved  in coritrnl b u t t e r  o r  i t s  

b l ~ n ~ i s .  F u r t h e r  i t  d i d  n o t  recognize any s i g n i f i c a n t  

v a r i a t i o n  i n  t h e  l e v e l s  of f ut .!uri ng s t o r a q c  ~ ~ c r i o d .  

4 - 1 . 4  S a l t  - 

The r e s u l t s  g i v e n  i n  t h e  Table 7 represents t h e  

salt c o n t e n t  i n  c o n t r o l  b u t t e r  and i t s  b l e n d s  w i t h  

lo%, 20% and 30y0 s a f f l o w e r  o i l  and changes i n  s a l t  

c o n t e n t  d u r i n g  s u b s e q u e n t  s t o r 3 y e  f o r  40 days .  



Table 51 ard content (%) In  con t ro l  butter and butter-safflower oil (lo%, 20% and 30%) blends, 

Treatments Storage period (days) 
source 

0 10 20 3 0 40 

Control 

10% 

20% 

30% 



Table 61 Anova t a b l e  f o r  curd content i n  control  bu t t e r  and i t s  blends with lo$, 20% ,and 30% . 

safflower o i l  

Source of va r i a t i on  DF Mean squares F Ratio 
I 

Between t r i a l s  3 0,0108 0,0978 

Between t rea tnents  (F1) 

Treatments 

Between storage period3 (I*) 4 0,0064 + 0,5356 

Interaction (F1 x F2) 

Error 



"*Tawr ' 

Table 7 1  S a l t  mntent  (%I in control bu t t e r  and butter-safflower o i l  (lo%, 10% and  OX) bleads. 

Treatments Storage period (days) 
b I 

source 
0 10 2 0 30 40 

control 



It may be observed from t h e  t a b l e  t h a t  t h e  

average s a l t  c o n t e n t  of c o n t r o l  b u t t e r  and i t s  b lends  

wi th  lW, 20% and 30'b s a f f l o w e r  o i l  was found t o  be 

1.95, 2.0, 2.05, 2.05 pe rcen t  r e s p e c t i v e l y .  

It may be f u r t h e r  added t h a t  t h e  s a l t  con ten t  

remained f a i r l y  c o n s t a n t  du r ing  t h e  s t o r a g e  per iod  of  

40 days i n  both c o n t r o l  b u t t e r  and i t s  blends.  

S t a t i s t i c a l  a n a l y s i s  of t h e  d a t a  ( ~ d b l e  6)  d i d  

n o t  show any s i g n i f i c a n t  d i f f e r e n c e  i n  t h e  l e v e l s  of 

s a l t  concent  observed i n  e i t h e r  c o n t r o l  b u t t e r  o r  i t s  

blends.  Fu r the r  i t  d i d  n o t  i n d i c a t e  any s i g n i f i c a n t  

v a r i a t i o n  i n  t h e  l e v e l s  of s a l t  du r ing  s t o r a g e  per iod .  

4.2 FATTY k C I 3  PROFILE OF CONTROL BUTTER AlD ITS BLEhTDS 
XITH lo%, 20% At?D 30% SAFFLOWER OIL 

The chromatograms of f a t t y  acid p r o f i l e  of c o n t r o l  

u u t t c r  dnJ i t s  ulc : l .~s  v l t h  10"/, 20% arid 30% sa f f lower  

o i l  obtdirlrd by GLi were d i sp layed  i n  h ' igs  1, 2, 3 and 
- .  --. . .- . 

4 .  'L'hi: J d e n t ~ t y  dnd r e l a t i v e  kro1,ortlons of v;lrious 

futty ~ c i d s  u n d e r  eUch  p ~ a k  a r e  g iven  i n  Table 9. 

I t  may ~e i ~ ~ f  trred from t h e  d a t a  ? r e s e n t e d  t h a t  

t h e  pro, ,or t lon or s d t u r a t e d  f a t t y  a c i d s  dnd u n s a t u -  

rdted f dtty d c i u s  i n  c o n t r o l  b u t t e r  was found t o  be 



Table 81 Anova table  f o r  s a l t  content i n  control  bu t t e r  and i t s  blends with lo%, 10% and 30% 
gaff lower o i l  

Source of var ia t ion  DF Mean squares F Ratio I 

Between t r i a l s  3 0,0101 0,1609 

Between treatments ( F ~ )  

Treatments 

Between storage periods IF2) 

In terac t ion  (F1 x F2) 

Error 

Tot a1 7 9 







Fiq 2 1  FATTY ACID PROFILE - BUTTER BLEND (10% SAFFMWER OIL) 
w 



Fiu 2 1  FAT'I'Y ACID PROFILE - BUTTER BLEm (10% SAFFLOhtR OIL) 
W 





Fig 4: FATTY ACID PROFILE - BUTTER BLEND (30% SAFFLOIER OIL) 



71.27% and 29.63:: r e s p e c t i v e l y .  I t  may be f u r t h q r  

seen  t h a t  thr? p r o p o r t i o n  of C;FI+/USFA i n  t h e  blends with 

lo;,, 20% m d  30% saff lower o i l  were found t o  be 61.10: 

35.62, 5?.55:40.85, 53.21:47.10 pe rcen tages  resL c t i v e l y .  

Cor~liared t o  c o n t r o l  b u t t e r ,  t h e r e  wa:; s i g r r i f  l c s n t  

change  i n  t h e  p r o p o r t i o n  of p o l ~ . ~ ~ s a t u r a t e d  fatty ac id  

c o n t e n t  ( L i n o l e i c  ac id )  i n  t le bl i lndc with 1? , ; I. 

and 30;' safflower o i l  olcnds.  F u r t h e r  i t  may be o . r e r v e d  

from t h e  f l g u r c s  that t h e  fatty a c i d s  from c o n t r o l  b u t t e r  

and i t s  b l r n d s  with lo"/, 20% and 3C50 saff1ot:er  o i l  ciis-  

i l a y e d  s l m l l n r  e l u t i o n  p ~ a t t e r n .  The 11ro ;o r t ionz  of un- 

s a t u r a t e d  f a t t l ,  ar- ld:  v i z . ,  C l C ; : l ,  C18:2 i n  c g n t r o l  

b u t t e r  and i t s  blr n3s  Tqcre found t o  be 29.63, 35.62,  

40 .86,  47.10 percr3? t r : c t i v c l y ,  corn&=.re3 to th- a n -  

t r o l  b u t t e r ,  s i - n i f i c  - ' _ changes could  br observed i n  

t h e  p ro to r t ion :  0 5  unr.itl rs tcc !  fatty a c i d s  i n  but t i  r 

b ,ends  wi th  lo';/., ?OX and 30 - s a f f l c ~  I-r o i l .  

4 . 3  EFFLCT OF L!LE":3ING S;SI-'LO;!ER OIL ;,? 1C:" I . * ,  L 70"' ,u x.2 70','* 
LEVELS IN BUTTER 

4.3.1 ~ o d i n e  v a l u e  

~ h c  r e c u l t s  of Iodine vclluc of c o n t r o l  b u t t n r  and 

i t s  b lends  wi th  10YY, ?O,> and +C,d s a f f l o w e r  o i l  and chdnges 

in l o  ; , n e  v a l u e  d u r i n g  subrr ,~:uent  s t o r a g e  f o r  40 d a y s  

a r e  d i s p l a y e d  i n  Table 10. 



Table 10, Iodine value of c o n t r o l  bu t t e r  and i t s  blends with lo%, 20% ard 30% safflower o i l  

Treatments Storage period (days) 
source 

0 10 2 0 3 0 4 0 

Control 



I t  was observed from t h e  t a b l e  t h a t  t h e  average  

I o d i n e  v a l u e  of c o n t r o l  b u t t - r  a~ ld  i t s  b lends  w i t h  

lo"/, 20% and 30% s a f f l o w e r  oil. was found t o  be 30.35, 

41.55, 53 .165 ,  70.45 u n i t s  r e s i , e c t i v e l y .  I t  was f u r t h e r  

n o t i c e d  t h a t  the I o d i n e  v ~ l u e  remained i r l i r l y  c o n s t a n t  

d u r i n g  s t o r a g e  p e r i o d  of  40 days bo th  i n  ron'rol and 

i t s  b lends .  

S t a t i s t i c a l  a n a l y s i s  of thc d a t a  ( ~ l b l c  11) 

showed h i g h l y  s i g n i f i c a n t  d i f f e r e n c e  (P 0.01)  i n  the 

l e v e l s  of I o d i n e  v s l u e  bctwcen r o n c r o l  b u t t c r  and i t s  

b lends  w i t h  lo%, 207; and 3C72 s a f f l o w e r  o i l .  FurcAer, 

i t  d i d  n o t  r c v e a l  23;. v-ir:  a t i o n  i n  t h e  l c v e l s  of I o d i n e  

value: d u r l n a  s t o r  l r n  : .  r i o ! .  

4.3.2 Fjeroxide v a l u e  

The r e s u l t s  1ierta:nina t o  1,ero:ide v a l u e  of c o n t r o l  

b u t t e r  and. i t s  b lends  with lo%, 20% and 307, sa ' f lower 

o i l  ,nd changes in peroxic-ie ~ 7 1 1 1 ~  c j ~ i t l n g  rubsequent  

s t o r a g e  f o r  4 0  days  a r e  docurn~:nted i n  Table 1 2 .  

I t  may be n o t i c e ?  from thc l  t a b l e  t h s t  t h e  avc raqe  

pe rox ide  va lue  of c o n t r o l  b u t t e r  an(-! i t s  b lcnds  with 

s a f f l o w e r  o i l  was foun t o  be 0.00P,  0,011, 0 .017 ,  

0.018 rnr?q/kg f a t .  F u r t h e r  i t  may bc-. n o t i c e d ,  t h a t  t h e  

p e r o x i d e  v a l u e  remained f a i r l y  c o n s t a n t  d u r i n g  subsequent  

s t o r a g e  f o r  40  days  i n  both c n n t r o l  b u t t e r  and i t s  b lends ,  



Table 111 A:ova t ab l e  f o r  Iodine value of control  bu t t e r  and i t s  blends with lo%, 20%,and 30% . 

safflower o i l  

Source of va r i a t i on  DF Mean Squares F Ratio 
1 

- c I . . - - l - - - - - - - - - - - - - - - - - - - - - - - . I . . I . I - . ) . ) - . . ~ ~ ~ ~ - - " ~  

Between t r i a l s  3 5,4661 2,7943 

Between treatinents (Fl) 3 269,9385 137,9923th 

Treatments 19 943,7983 402,4680 

Between storage periods (F2) 4 0,0544 0,0278 

In terac t ion  (F1 x F*) 11 1426,8445 729,4016 

Error 5 7 1,9562 

Total 7 9 



Table 121 Peroxide value (fi~q/kg/fat)  of control  bu t t e r  and its blends with lo%, 20% and 
30:: safflower o i l  

Treatments Storage period (days) I 

source 
0 10 2 0 30 4 0 

Control 



S t a t i s t i c a l  a n a l y s i s  of d a t a  (Table 1 3 )  d i d  n o t  

r e v e a l  any s i o n i f i c a n t  d i f f e r e n c e  i n  t h e  pe rox ide  vd lue  

of c o n t r o l  b u t t e r  and i t s  b lends .  Fur th f  r, the v a r i a t i o n  

i n  pe rox ide  v a l u e  i n  both c o n t r o l  butter and i t s  blend 

was i n s i g n i f i c a n t .  

FFA c o n t e n t  

The r e s u l t s  p e r t a i n i n g  t o  FFA c o l d t e n t  of c o n t r o l  

b u t t e r  and ~ t s  b l e n d s  with lo%, 20% and 3b% s a f f l o w e r  

o i l  and rubscquent  chmues during s t o r a g c  per iod  f o r  

40  days  a r e  p r e s e n t e d  i n  Table 14 .  

I t  may be n o t i c 4  f rcin t h c  t s b l e  t h a t  t h e  average  

FFA c o n t e n t  of c o n t r o l  b u t t c r  and its blends with 10%, 

20% and 30;: ~ d f f 1 0 n 0 1  1 xa:, found t o  be 0.."14, 0.116, 

0.384, 0.407 rrrLc ct ivc! :~ .  Z t  may be f u r t h c r  observed 

t h a t  t h e  YFA c o n t e n t  rcmdincd f ~ i r l y  c o n r t a n t  during 

s t o r a g e  pcrio13 oi 4 0  \ i c i y ~  both  i n  con..rol b u t t e r  an3 

ics b l t  nds. 

S t a t i s t i c a l  ar!dlysis of the d a t a  (Table 1 5 )  1:: . A -  

L , . s i a n i f  i c d n t  d i f f e r e n c e  i n  ?FA c o n t e n t  

of c o n t r o l  b u t t c r  and its blends. Purthlzr i t  d i d  n o t  

show any v a r i a t i o n  i n  the l r v l  1s of I'FA d u r i n g  s t o r a g e  

p e r i o d .  



13, &ova t ab l e  f o r  peroxide value of cont ro l  b u t t e r  and i t s  blends with lo%, 20% ,and 30% 
safflower o i l  

Source of va r i a t i on  OF Mean squares F Ratio 

Between t r i a l s  3 0,0016 2,2658 

Between t r e a b e n t s  ( F ~ )  

Treatments 

Between storage periods (P2) 

In terac t ion  ( F ~  x F*) 

Error 



Table 14: Free fa t ty  acid content of control butter and i t s  blends with lo%, 20% and 30% 
safflower o i l  

Treatments Storage period (days) 
source 

0 10 23 t 30 4 0 

Control 0,214 0,216 0,245 0,255 0,281 



Table 15 1 Anova t ab l e  fo r  FFA value of cont ro l  bu t t e r  and i t s  blends with lo%, 20% and 30% 
safflower o i l  

Source of va r i a t i on  DF , Mean zquares F Ratio 
I 

Between trials 3 

Between t r e a m e n t s  ( F ~ )  

Treatments 19 0,0420 ' 1555,8581 

Between s torage  p r l o d s  (F2)  4 0,0008 1 3,0870 

In terac t ion  (F1 x F2) 

Error 5 7  0,0000 

T o t d  79 I 



4 . 3 . 4  H a r d n e s s  of b u t t e r  and i t s  blends wi th  lost 20% 
and 30% sa f f lower  o i l  

The r e s u l t s  p e r t a i n i n g  t o  the hardness of c o n t r o l  

b u t t e r  and i t s  b lends  with lo%, 20% and 3L;A sa f f l ower  

o i l  and chances i n  hardness dur ing  ,cubsequent s t o r d g e  

f o r  40 dsys Gre d i s p l a y &  i n  t a b l e  16.  

I t  may be no t iced  from t h e  t a b l e  t h a t  the h rdness  

of c o n t r o l  rsutter  and i t s  blends with lo%, 20% iind 30% 

sa f f lower  o i l ,  as mcasured by penetrometer was found t o  

b e  59.8, 70.0, 88.5 and 129.75 u n i t s  r c s r r c t l v e l y .  I t  

may be f u r t h c r  o b ~ e r v e d  t h d t  the h l rdnes s  of c o n t r o l  

b u t t e r  and its b l v i ~ d r  remained cons tan t  d u r i n c ~  s to rcge  

period of 4 9  ds) .? .  

S t ,d t i c ; t i ca l  tr( ; t ; . i ~  : ~ t  of t h e  d a t a  ( t a b l e  1 7 )  

ob ta ined  f o r  hctrdnt,ss oi. c - ~ n t r o l  b u t t e r  and i t s  blends 

i n d i c - t e d  5h:t thcke!  war h i g h l y  s i ~ n i f i c m t  d i f f e r e n c e  

(P 0.01) i n  hardncss  with c o n t r o l  b u t t e r  being more 

h a r d e r t  f o l l ohed  by lo%, ?0% and 30:" r.:spectively. But 

it uic? not  i n d i c a t e  any v a r i a t i o n  i n  hardness  of con t ro l  

b u t t e r  and i t s  blends w i t h  107b, 20% and  30% saf f lower  

oil r e s i j ec t i ve ly  d u r i n g  t h e  c t~rage p e r i o d  . 



Table 161 Hardness of control  bu t t e r  and i t s  blends with lo%, 20% and 30% saff lower  oil 

at IS - + 1°c (lomlx mom) 

Treatments Storage period (days) 
source 

0 10 20 3 0 40 
4 

- - - - - - - - - l l l - - - - - - - - - - - - - - - - - - - - - - - - - I " - - - - - - . D  

Control 59,8 59,3 60,25 59 ,75  5 9 3  

10% 70,O 69,75 70,25  69,75 69,5 

2 0% 88,5 08,25 87,5 06,5 05,75 

3 0% 129,75 126,25 125,s 1 2 2 , 5  121,25 



Table 171 Anova table  f o r  hardness,of control bu t te r  and i t s  blends with lo%, 20% add. 30% 
safflower o i l  

o o ~ o ~ o ~ . ~ ~ ~ . - " - . - - - - - - m - - - - - - m - o o . o o o ~ ~ o o . o o ~ ~ .  

Source of var iat ion DF Mean squares F Ratio 

- . I - - - - - -  - - - - - - - - - - - - - - - - - - - - - - - . . . . . . - I I I . - - ~ . - . .  

Between t r i a l s  

Between treatments ( F ~ )  

Treatments 

Between storage periods ( F ~ )  

Interact ion (F1 x F1) 

Error 

Total 

1 - - 1 - - " - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - ~ ~ - - ~ " - ~ -  

I 

**  Significant a t  1% 



4.3.5 S p r e a d a b i l i t y  

The r e s u l t s  p e r t a i n i n g  t o  r p r e a d a b i l i  t y  of c ( . n t r o l  

b u t t e r  and i t s  b lends  wi th  1072, 20% and 30% s a f f l o w e r  

oil and subsequent  changes d u r i n g  s t o r a g e  pe r iod  a r e  

documented i n  t a b l e  18. 

It- -may-be-seen f rom t h e  t a b l e  t h a t  thb s p r o a d a b i l i t f -  

of c o n t r o l  butter and i t s  b lends  w i t h  lo%, 20% and 30:; 

s a f f  lobier o i l  was observed to be pof - r ,  f z i r ,  go&, very 

good. I t  may be f u r t h e r  n o t i c e d  that t h e  r p r e a d a b i l i t y  

remained f a l r l y  c o n s t d n t  5 u r i n g  s t o r a c e  y e r i o 3  of 4 0  

days  bo9-1 i n  c o n t r c l  h u t t ~ r  and i t s  b lends .  

4.3.6.1 F lavour  

The r e s u l t s  i ~ e r t a i n i n a  t o  f l a v o u r  s c a r s  of c o n t r o l  

b u t t e r  and i t s  blends and :~!bznqucnt  c h a n ~ e s  i n  f l a v o u r  

s c o r e s  a s  r e c o d e  i n  hedonic s c a i G  are d i sp laynd  i n  

t a b l e  19.  

I t  may be n o t i c e d  from t h e  t a b l e  that t h e  average  

f l a v o u r  s c o r e  of c o n t r o l  b u t t r r  and i t s  b l e n d s  w i t h  1076, 

20% and 30% s a f f l o w e r  o i l  was found t o  be 8 . 1 2 ,  8.25, 

8 .25 ,  8 .25  respectively. I t  may be f u r t h e r  observed 

t h a t  the t l a v o u r  s c o r e s  remained f a i r l y  s i m i l a r  d u r i n a  

the s t o r a g e  pe r iod  f o r  40 [days. 



Table 181 Spreadabi l i ty  of control  bu t t e r  and i t s  blends with lo%, 20% ard 30;; safflower oil 

Treatments Storage period (days) 
source 

0 10 20 30 40 

Control POOR PO0 R POOR 

PAIR FAIR F A I R  F A I R  F A I R  - POOR 

GOOD GOOD GOOD GOOD GOOD 

VERY GOOD VERY GOOD VERY GOOD VERY GOOD VERY GOED 



Table 191 Flavour scores of cont ro l  bu t t e r  and its blends with lo%, 20% and 30% 
safflower o i l  

Treatments Storage period (days) 
I 

source 
0 10 20 3 0 4 0 

Control 8,12 8,12 8'25 8,O 



S t a t i s t i c a l  a r id lys i s  of  t h e  d d t a  ( t a b l e  20) d i d  

n o t  show any s i g n i f i c a n t  d i f f e r e n c e  i n  f l a v o u r  s c o r e s  

o u s e r v e a  either i n  c o n t r o l  b u t t e r  o r  i n  i t s  b l e n d s .  

r ' u r t h c r  i t  d i d  n o t  recogn _se any v a r i a t x o n  i n  f l a v o w  

s c o r e s  d u r i n g  s t o r a g e  p e r i o d .  

4.3.6.2 Body and t e x t u r e  

The r e s u l t s  p r t ~ i n i n g  t o  boJy and t e x t u r e  s c o r e s  

of c o n t r o l  bclr _ e r  an3  i t s  b l c d s  and subsequent  changes  

i n  t h e  s t o r h g e  p s r i o J s  f o r  40 days  a r e  p r e s e n t e d  i n  

tclLlc 21.  

I t  mdy b e  oksc rvcd  f rorn  he t a b l e  t h a t  body and 

texture s c ~ r t s  or ~ ~ ~ ~ r ~ t r o l  b u t t e r  and ~ t s  b l e n d s  w i t h  

LO"/ 30,- . L z i 1 3 h c = r  o i l  were f o u n :  t o  be 3.25, 

8.30 ,  8 .20 and 8.- 2 r. - , ,c t ive ly .  I t  muy b e  f u r t h e r  

oDserv tu  t n ~ t  :i~u ~104;' . I I ~  t e x t u r e  s c o r e s  remained 

f u l r l y  s i~nl ldr  t h r o u g h o u t  t h e  s torc lge  j l t r lod  i o r  4 0  

d uys . 
S t a t l : , t i c ~ l  i l r id lys ls  of the d u t a  ( t c i ~ l e  2 2 )  d i d  

n o t  r ecogr l l sc  m y  s l ~ n i f l c ~ n t  d i f f e r e n c e  ln body and 

t e x t u r e  s c o r e s  ousc rved  either i n  c o n t r o l  b u t t e r  o r  

, c s  u l , . n , ~ s .  F u r t h e r  i t  d i d  n o t  n o t l c e  ariy v a r i d t l o n  i n  

, o ~ y  6nJ t t x t u r e  s c o r  s d u r l n g  s t o r d g e  per iod.  



Table 201 Anova table  f o r  f lavour scores of control  bu t t e r  and i t s  blends with lo%, 2091 and 30% 
safflower o i l  

Source of va r i a t i on  DF Mean squares F Ratio 

Between t r i a l s  3 0,0752 1,3890 

Between treatments (F ) 1 
3 0,1355 2,5040 

Treatments 

Between storage periods (F1) 4 

In terac t ion  ( F ~  x F ~ )  12 

Error 5 7 

Tot a1 7 9 



Table 211 Body and texture  scores of cont ro l  b u t t e r  and its blends with lo%, 20% and 30% 
safflower o i l  

Treatments Storage period (days) 
source 

0 10 2 0 30 40 

Control 8,25 8,15 8,15 8,15 810 



Table 221 Anova t ab l e  fo r  body and texture  scores  f o r  cont ro l  b u t t e r  and its blends with 
10%) 20% and 30% safflower oil 

;ource of v a r i a t i o n  DF Mean squares P Ratio 

Between t r i a l s  3 0,1690 2,5507 

Between t r e a b e n t s  (F!) 3 0,0883 1,8559 

Treatments 19 0,0409 0,8603 

Between storage periods IF2) 4 0,0301 0,6329 

Interaction (F1 x F ~ )  ! 2 0,0327 0,6872 

Error 

Tot a1 



C o l o r  and al ip(- .arance 

The r e s u l t s  p e r t a i n . '  ng  t o  c o l o r  s n f l  a : ,pcsrancc 

s c o r e s  of c o n t r o l  b u t t e r  a n 3  its b l e n d r  and ch-n-es 

t h d t  o c c u r e d  subsequently during s y o r a g e  ! er iod  f o r  

4 0  d a y s  are d i s p l a y e d  I n  table 23.  

I t  may be seen f r o m  t h e - - t a b l e  t h r 2 t  t h e  colcr  <:n,< ..-.- 
. .. - .  , . - .  . . 

a. p e a r a n c e  s c o r e s  of c o n t r o l  b u t t e r  and i t s  b l e n 2 s  with 

lo%, 20% and 30% s a f f l o w e r  o i l  were found t o  be C?. 15 ,  

8 .75 ,  8.08 ,:!n'.l 8.0 r e s ~ c c t i v e l y .  It m;?y Lu3 f u r t h c r  

o b s e r v e d  t h ~ t  the c o l o r  ant3 appearance sc0r.r.s remained 

f a i r l y  s i m i l a r  t h r r j u c h  out the s t o r a g c  I er iod .  

S t a t i  r t i c d l  r . ~ * ! ; ? l : ) r f i ~  r l f  tho d .lt5 (C-:,T.~P 2 4 )  :!id 

not i n : l i c i t e  znq' s i .=~!i  l r ,mt  v i l r i  a t i o n  i n  c g l o r  an-l 

al,l-jesr;lncc scorns obsc.r.:-.l e i t h e r  i r l  cn:;ntrc,l b u e t c r  01- 

its b l e n 3 ~ .  Lrur thnr  i t  ciid n o t  recc.7::ise an:,r v r m r i i i t i o n  

in c o l o r  and 31 : ~ : ,~ rancc  T , T T ~ , - .  C. d ) l r i  n q  s t o r3qe  ~ , ~ r i c d  

f o r  4Li d a y s ,  



a l o r  and appearance smres for control butter and its blends with lo%, ZOX-ard 30% 
safflower o i l  

Treatment 8 Storage period (days) 
source 4 

0 10 20 30 4 0 

control 8,15 8,lO 8,15 8 , l  8,25 



Table 241 Anova table f o r  color and appearance score fo r  control butter and i t s  blends 

Source of variation DF Mean squares F Ratio 

Between t r i a l s  

Between treaDents (Fl) 

Treatments 

Between storage periods (I2) 

Interaction (F1 x F 2 )  

Error 



C H U T E R  V 

5 . DISCUSSION 

I n  t h i s  s e c t i o n  t h e  o D s r r v ~ t i o n s  o u t a i n e d  on 

v a r i o u s  h s l ~ e c t s  and t h c i r  i n y l i c s t i o n s  d r e  c r i t i c a l l y  

d i s c u s s e d .  

5.1 C O b P O S I T I O N  OF BUTTER JCD I T S  BLEXDS WITIi SELFFLOWER 
0 I L  

5.1.1 F a t  c o n t e n t  

T h t  r e s u l t s  r r e se :~ ted  I n  t a b l e  1 i1 ,d lca tes  t h d t  

tlic  lev^ 1 ~ii i,t I n  b u t t e r  ( co r i t ro l )  cr~d it; ulends  with 

lo;,, 20% ~ L I  30% was fourid t o  be 80.05, 80.04, 80.03 

:.IIL~ 80.05 , e r c e n t  r c s i ~ e c t l v e l y .  I t  may be F u r t h t r  seen  

t n ~ t  t h e  l c v e l  of  itit e l tk~r r  i r l  cor l t ro l  o r  i t s  b lends  

rcrli,lnsci L - l r l y  c o ~ ~ s t  .at ~ h r o u g h o u t  t h t  s t o r c g e  p e r i o d  

o r  4~ ;.iys (tdbl'. - ) .  '?I, l t v c l  of f d t  observed i n  

c c ~ n t r o l  and its b l L r o . ,  ,:I tnt: ; r e sen t  i n v e s t i g a t i o n  i s  

i n  - g r c e r n ~ r ~ t  \ i l t i l  A s t ~ i l d i i r d s  (1976)  i r , d l c - t i n g  

pr i iYcr  COIL tr01 h,s ut e n  t -her1 f o r  , i lulntuiriing l e v e l  

o l  r u t  ~n con;ral drid d u r l n g  blcndlrlg of s d f f l o w e r  o i l  

l r l  t.,e b c t t e r  ~ r i i i  ,Is3 i lurlng s to ra t ; e .  

'me r e s u l ~ s  docuincnted i n  t d l e  3 r e v e a l s  t h c t  t h e  

l i v c l  of lno l s tu re  i : i  c o n t r o l  b u t t e r  dnd i t s  b lends  was 

80 



observed t o  be 16.0, 15.97, 15.95, 15.95 p e r c e n t  rcs- 

p e c t i v e l y .  I t  may be f u r t h e r  n o t i c e d  t h s t  t h e  mois tu re  

l e v e l  e i t h e r  i n  c o n t r o l  b u t t e r  o r  i n  i t s  blends  remained 

f a i r l y  s t a b l e  d u r i n g  t h e  40 days  s t o r a g e  per iod  ( t a b l e  4 ) .  

The mois tu re  c o n t e n t  observed i n  t h e  p r e s e n t  i n v e s t i g a t i o n  

conforms t o  t h e  I;FA s t a n d a r d s  (1976) i n d i c <  t i n g  t h  t 

p r o p e r  c o n t r o l  has  been ensured t o  p rcvcn t  th(. l o s s  of - - 
m o i s t u r e  through evapora t ion  o r  i n c r e a s e  i n  mois tu re  

l e v e l s  through a b s o r p t i o n  from sur round incs  i n  c o n t r o l  

butter and d u r i n g  b lending of safflo7..?er o i l  and a l s o  

d u r i n g  t h e  s t o r a g e  pe r iod  f o r  40 days.  

5.1.3 Curd c o n t e n t  

The r e s u l t s  shown i n  t a b l e  5 p o i n t s  t h a t  t h e  c u r d  

c o n t e n t  o f  c o n t r o l  b u t t e r  an? it..: blcnds was found t o  t~ 

2.05, 2.00, 2.02, 1.95 perc8:nt r e s p e c t i v e l y .  I t  may be 

f u r t h e r  o ~ s c r v e d  t h a t  t h e  curd c o n t e n t ,  both i n  c o n t r o l  

and i t s  b lends  with lo%, 20% and 30% ssf flotv.er o i l  

remained f a i r l y  c o n s t a n t  d u r i n g  the s t o r a g e  per iod  f o r  

40 days  ( t a b l e  6 ) .  The o u s e r v a t i o n s  ob ta ined  i n  t h e  

p r e s e n t  i n v e s t i g a t i o n  a r e  f u l l y  i n  agrcernent with t h e  

PFA s t a n d a r d s  (1976). The curd p e r c e n t  which was l o s t  

d u r i n g  the replaccrnent of b u t t e r  f a t  a t  203: ond 30';" 

l e v e l s  wi th  s a f f l o w e r  o i l  were made o u t  ~y adding ca lcu-  

l a t e d  amounts of skim milk powder. So the curd c o n t e n t  

remained c o n s t a n t  throughout  the s t o r a g e  p e r i o d  of 40 days 



5.1.4 S a l t  c o n t e n t  

The r e s u l t s  i n d i c z t e d  i n  t ab le  7 shows t h d t  t h e  

s a l t  con t en t  of c o n t r o l  bu t tc r  and i t s  blends w i t h  lo:;, 

20% and 30% s a f f l o w e r  o i l  was found to  be 1.95, 2.0, 

2.05 p e r c e n t  r e s p e c t i v e l y .  I t  may f u r t h e r  

no t i ced  t ha t  the s a l t  con t en t  e i t h e r  i n  con t ro l  b u t t c r  
, - 

o r  i n  i t s  blends w i t h  lo%, ' 20% and 30:. s e f f  1o::er o i l  

remained fairly c o n s t a n t  du r ing  t h e  storscje period f o r  

40 days  ( table  8 ) .  The s a l t  c o n t e n t  observed i n  c o n t r o l  

and b lends  i n  the p r e s e n t  i n v e s t i g ~ t i o n  i s  i n  agreement 

wi th  i ?A s t anda rds  (1976) po in t ing  meticulous care  was 

t aken  f o r  maintain in^ t h c  level of s a l t  i n  c o n t r o l  

b u t t e r  and du r ing  b lendinc  of s a f f l o s . e r  o i l  an3 a l s o  

d u r i n g  the s t o r a g e  per iod .  

5.2.1 F a t t y  ac id  p r o f i l e  but t1  r ( c o n t r o l )  

I t  may be i n f e r r e d  from t h e  d d t a  p r r s e n t e d  i n  

table 9 t h a t  t h e  average propor t ion  of s a t u r a t e d  and 

u n s a t u r a t e d  fatty a c i d s  con ten t  war found t o  be 70.37,  

29.63 pe rcen t  r e s p e c t i v e l y .  The 1,roportion of uSF:, 

v iz .  C18tl and C13:2 was foun(d t o  be 29.63. Among t h e  

s a t u r a t e d  f a t t y  a c i d s ,  the  p r o ~ ~ o r t - o n  of s h o r t  cha in  

( ~ 4 - ~ 8 ) ,  mudium cha in  f a t t y  a c i d s  (C10-C14)  and lonq 

cha in  f tty a c i d s  (C16-~18) was found t o  be 8.198, 



15.78, 47.28 p e r c e n t  r e s p e c t i v e l y .  Cornparision of  

data  o b t a i n e d  i n  t h e  present i n v e s t i g a t i o n ,  wi th  t h o s e  

r e p o r t e d  i n  l i t e r s t u r e  is of l i t t l e  s i g n i f i c a n c e ,  

s i n c e  the m i l k  fat i s  t h e  most v a r i a b l e  of a l l  t h e  

m i l k  c o n s t i t u e n t s ,  and t h e  f a t t y  a c i d  composi t ion  i s  

subjected t o  marked changes due  to s p e c i e s ,  breed,  f eed  

and season. .However, t h e  f a t t y  a c i d  composi t i o n  ob ta ined  

i n  the p r e s e n t  study showed an augment i n  t h e  g e n e r a l  

p a t t e r n  w i t h  t h o s e  of t h e  ave rage  v a l u e s  r e p o r t e d  by 

~ i l d i t c h  and S le igh tho lme  (19301, H i l d i t c h  and Thomp- 

son (1936),  H i l d i t c h  and J a s p e r s o n  (19431, Smith (19611, 

Jeason e t  d l .  (1962a), de Man (1964) ,  i i lbonico e t  a l .  -- -- 
(1968), Cucurachi  and L o t i t o  (19681, Rama blurthy 2nd 

Narayanan (1971 1. 

5.2.2 F a t t y  acid  p r o f i l e  of b u t t e r  b lends  with 10%, 
20% and 30% s a f f l o w e r  o i l  

The d a t a  presented i n  t a b l e  9 indicates t h a t  tile 

a v e r a g e  p r o p o r t i o n  of s a t u r a t e d  and u n s a t u r a t e d  f a t t y  

a c i d s  i n  b u t t e r  b l e n d s  with 10%, 20% and 30% s a f f l o w e r  

o i l  was found t o  be 64.38 and 35.62 i n  10:; b lend,  

59.16 arid 40.86 i n  20%blend cnd 52.90 and 47.10 percent 

i n  30% blend r e s p e c t i v e l y .  The p r o p o r t i o n  of USFA 

v i z .  C18 : l  and C18:2 i n  the lo"/, 20:: and 30:; b u t t e r  

s a f f l o w e r  oil was found t o  be 35.62, 40.86, 47.10 

p e r c e n t  r e s p e c t i v e l y .  Anong t h e  s a t u r a t e d  f a t t y  acids,  



t h e  p ropor t ion  of s h o r t  cha in  (C4-C8), Medium chain 

f a t t y  acids (C10-C14) and long chain fat ty  acids 

(~16-C18) i n  a l l  t h e  t h r e e  b lends  were found t o  be 

6.26, 14.54, 43.30  i n  10% blend, 5.52, 13.47, 40.18 

i n  20:; blsnd ~ n d  5.36, 11.14, 36.71 pe rcen t  i n  30% 

blends  r e spec t ive ly .  I t  was e v i d e n t  f  r o r n  the d a t a  

t h a t  the rPUFA c o n t e n t  of b u t t e r  blends wi th  lo%, 

10"/ and 30:. saf :lower o i l  had shown an i n c r e a s e  wi th  

a corresponding decrease i n  a l l  o t h e r  ( s a ~ u r a t e d )  

f a t t y  acii is .  This could be a t t r i b u t e d  to t h e  saf- 

f l ower  o i l  which was repor ted  (Herb, 1960, Wilson 

e t  al .  1971, Swaminathan, 1974) t o  have h igh  l e v e l s  -- 
of l i n o l e i c  a c i d  (near ly  75% of t h e  t o t a l  f a t t y  a c i d s ) .  

Thus t h e  replacement  of s a f f lower  o i l  a t  lo%, 20% and 

30;, l e v e l s  i n  b u t t e r  blends has shown t o  c o n t r i b u t e  

e q u a l l y  according t o  i t s  amount w i t h  a corresponding 

dec rease  i n  a l l  o t h c r  f a t t y  a c i d s ,  v i z .  from C4:O t o  

The obse rvh t ions  of t h e  p r e s e n t  i n v e s t i g a t i o n  

co r l i~ rms  thc re;,orts of S ~ t i s h  Kulkarni  and Rama Murthy 

(1985) i n  s d a i r y  blend con ta in ing  30% sa f f lower  o i l .  

#They r epo r t ed  dn i n c r e a s e  i n  C18:2 t o  tune  of 20.2 per- 

c e n t  i n  30;- bu t t e r - sa f f lower  blend from a mcagre 1.0 

percent  i n i t i a l  va lue  i n  b u t t e r .  However, t h e r e  a r e  



no r e p o r t s  available a s  yet on the f a t t y  a c i d  contents 

of b u t t e r  b lends  with 10% and 20% saf f lower  o i l  for 

comparative assessment of the observa t ions  made during 

the p r e s e n t  i n v e s t i g a t i o n .  Since p e r c e p t i b l e  changes 

were observed i n  t h e  r a t i o  of S F ~ S F A  i n  t h e  p re sen t  

i n v e s t i g a t i o n ,  it may be concluded t h a t  t h e  incorpora- 

t i o n  o f  s a f f lower  o i l  i n  b u t t e r  r e s u l t e d  i n  an increased  

r a t i o  of S F ~ S F A  which was shown t o  have reduced the  

p o s s i b l e  r i s k  f a c t o r s  assoc ia ted  wi th  chronic  h e a r t  

d i s e a s e  (Niyogy (1966), Kinsell e t  al. (19671, Thompson -- 
(1969), Heiss (1971), Fidenze (1972) and Horus t ra  et &. 

(1973) 

5,3 EFFECT OF B U N D I N G  VEGETABLE O I L  (SAFFLOWER OIL) 
I1J BUTTER 

5.3.1 Iodine value 

Iod ine  va lue  i s  an index of degree of unsa tu ra t ion  

i n  t h e  l i p i d  system. Inc rease  i n  Iod ine  value s i g n i f i e s  

a11 i n c r e a s e  i n  t h e  degree of unsa tu ra t ion  i n  the milk 

s t .  111 the con tex t  of i nco rpo ra t ion  of sa f f lower  o i l  

i n  b u t t e r  this s tudy  was undertaken t o  a s c e r t a i n  t h e  

e x t e n t  of . i nc rease  i n  Iodine v d u e  of b u t t e r  blends 

with 10% 2 0 ; ~  CLCJ 30% saf f lower  o i l .  



From t h e  r e s u l t s  obtained i n  t h e  presen t  i n v e s t i -  

ga t i on  i n  t a b l e  1 0  and 11 the  Iodine value of c o n t r o l  

b u t t e r  and i t s  blends w i t h  lo%, 20% and 30% saf f lower  

o i l  was found to be 30.35, 41.26, 53.17 and 70.45 

u n i t s  respec t ive ly .  I t  may be seen t h a t  t he re  was a 

s i g n i f i c a n t  e f f e c t  on Iodine value of b u t t e r  blends 

w i th  t h e  add i t i on  sa f f lower  o i l  i n d i c a t i n g  an increased 

l eve l  of unsaturated f a t t y  ac ids  i n  b u t t e r  blends. 

Thus conf inn ing  t h e  observat ions  reported i n  s e c t i o n  

5.2.2 wherein an i nc rease  i n  SFA/USFA r a t i o  has been 

observed. Further,  it may be observed t h a t  t h e r e  was 

no s i g n i f i c a n t  e f f e c t  on the r e spec t ive  Iodine va lues  

of con t ro l  b u t t e r  and i t s  blends dur ing s to rage  ~ e r i o d  

f o r  40 days. Thus i t  may be concluded t h a t  b u t t e r  

blends with lo';!, 20% and 30;; sa f f lower  o i l  could be 

preserved t o  a per iod of 40 days without  undergoing 

any change i n  t he  degree of unsaturat ion.  

~t i s  obvious t h a t ,  the incorpora t ion  of sa f f lower  

o i l  having 755 PUFA, t he re  i c  every p o s s i b i l i t y  f o r  an 

i nc rea se  i n  Iodine value.  Kehar -- e t  a l .  (1956), F jae r -  

v o l l  (1"6Q) ,  Kankare (1974) and Norris  e t  a l .  (1976) 

repor ted sirnil'lr obscrvat ions  f o r  con t ro l  butter. 

~ h o u g h  the re  are no published r e p o r t s  ava i l ab l e  as 

yet on the Iodine va lues  of b u t t e r  blends w i t h  1071 and 

20% saf f lower  o i l .  S a t i s h  Ku lka rn i  and Rma Murthy (1987) 



and Johansson e t  al. (1988) r epo r t ed  s i m i l a r  observa- 
.I- 

t i o n s  for butter, 30% sa f f lower  o i l  blend. ~ h u s  t h e  

obse rva t ions  r e p o r t e d  i n  t h e  p r e s e n t  i n v e s t i g a t i o n  

a r e  i n  conf i rmat ion  with t h e  obse rva t ions  repor ted  i n  

l i t e r a t u r e .  

5.3.2 Peroxide va lue  

Peroxide va lue  i s  a measure f o r  t h e  autooxidatj .on 

of f a t .  Higher peroxide  value s i g n i f i e s  the o x i d a t i v e  

d e t e r i o r a t i o n  of fat. Oxida t ive  r a n c i d i t y  i s  the major 

cause  of f l a v o u r  problem i n  FUFA r i c h  b u t t e r  du r ing  

t h e  s t o r a g e .  S ince  bu t t e r - sa f f lower  o i l  b lcnds a r e  

r i c h  i n  PUFA there i s  p o s s i b i l i t y  f o r  b u t t e r  blends 

undergoing o x i d a t i v e  r a n c i d i t y  !!uring s torage .  So 

t h i s  s tudy  was undertaken t o  e v a l u a t e  t he  o z j d a t i v e  

s t a b i l i t y  of bu t t e r - sa f  f lower o i l  b l e n d s  dur ing  t h e  

s t o r a g e  per iod of 40 days. 

From t h e  observat ior ls  of prcsen t i n v c s  t i ~ ~ a t i o n  

i n  t a b l e  1 2  and 13, it may be saL,en t h a t  t h e  peroxide 

con ten t  of c o n t r o l  b u t t e r  and i t s  blcnds wi th  lo%, 

20% and 30% s a f f l o w e r  o i l  was found t o  be 0.008, 

0.011, 0.017 and 0.019 meq/kg f a t  r c spcc t ive ly .  The 

auove observed va lues  were wel l  bc.10~ t h e  kicroxide 



values g e n e r a l l y  necessary  for impart ing o x i d a t i v e  

f l a v o u r  in b u t t e r s .  I t  has  been repor ted  t h a t  a 

Peroxide va lue  of 0.5-1.0 meq/kg f a t  is r equ i red  f o r  

impar t ing  o x i d a t i v e  f l avour  (Webb and Johnson). I t  

may be f u r t h e r  not iced  from t h e  o b s e r v a ~ o n s  i n  

t d b l e  13 t h a t  the but ter -saf f lower  o i l  blends had 

n o t  shown any s i g n i f i c a n t  i n c r e a s e  i n  the peroxide 

va lue  dur ing  t h e  s t o r a g e  period f o r  40 days suggest- 

i n g  o x i d a t i v e  s t a b i l i t y  of  but ter -saf f lower  o i l  

b lends  dur ing  t h e  s t o r a g e  period.  I n i t i a t i o n  of 

o x i d a t i o n  and r e s i s t a n c e  of f a t  t o  oxidat ion  dur ing 

s t o r a g e  i s  inf luenced by t h e  presence of oxygen, 

co:,per content  and exposure t o  l i g h t .  However, i n  

t h L  p r e s e n t  s t u d i z s  proper c a r e  w t s  takcn t o  minimize 

t h e  con tan ina t ion  of copper, exposure t o  l i g h t  and 

oxygen by proper  packaging of the product. It has  

been repor ted  t h a t  high q u a l i t y  b u t t e r  f a t  r e t a i n s  

i t s  quality f o r  a t  l e a s t  f o r  6-12 months i f  proper ly  

s t o r e d  (son 1385) . Cadden -- e t  a l .  (1984a), (198413) 

i n  t h e i r  s t u a l e s  on PUPA r i c h  butters repor ted  no 

change i n  pt.ro:<idc value  i n  b u t t e r s  t h d t  were s to red  

for  one month, flius, the  observdt ions  o ~ t u i n e d  d u r i n g  

t h e  p r e s e n t  invls  t ~ g a t i o n  a r e  aaequacely s u b s  t a n t l  ated 

by t h e  findings o i  o t h e r  i n v e s t i g a t i o n .  It may be 

t h a t  b u t t e r   lends with 10% 29/* and 30% ' 



saff lowtr of 1 could be preserved t o  a per iod of 40 days  

wi thout  any s i g n i f i c a n t  changes i n  ox ida t ive  s t a b i l i t y .  

5.3.3 Free F a t t y  Acids @FA) 

Free F a t t y  Acid @FA) content  r e f l e c t s  the  e x t e n t  

of L ipo lys i s  (L ipo ly t i c  r a n c i d i t y  o r  hydro ly t i c  ranc i -  

d i t y )  i n  the . . -,. l i p i d  - system. Lipolys is ,  reg. r d l e s s  of 

t h e  cause, s e r i o u s l y  degradrs the  q u a l i t y  of b u t t e r  by 

impart ing ranc id  f lavour .  Tnis s tudy was undertaken t o  

a s c e r t a i n  t h e  FFA t h a t  develop dur ing  s t o r a g e  of butker 

blends  for 40 days. 

From the  observat ions of p resen t  invl s t i g a t i o n  

i n  t a b l e  14 and 15, it may bc seen t h a t  t h e  FFA con- 

t e n t  of con t ro l  b u t t e r  and i t s  blends with lo:;, 20% 

and 30% saf f lower  o i l  was found t o  be 0 .214,  0.316, 

0.384, 0.407 r e spec t ive ly .  There were found to  be 

we l l  below t h e  permiss ib le  l i m i t  under PFA ( 1 9 7 6 ) .  

F u r t h e r  no changes i n  FFA conkent of both t h e  con t ro l  

b u t t e r  and i t s  blends were seen dur ing  the  s'torage for 

40 days i n d i c a t i n g  absence of Lil ,oly4-ic a c t i v i t y .  

Schwartz (1954), FIarper and Could (1959) re1:orted t h a t  

hea t inq  a t  80°c f o r  20 s c c  i s  s u f f i c i e n t  t o  des t roy  

a l l  l i p a s e s  of milk which a r e  recpons ib le  f o r  l i p o l y . - t i c  

r a n c i d i t y .  Therefore,  no l i p a s e  a c t i v i t y  could be 



expected i n  butter and i ts blends which have been pre- 

pared from p a s t e u r i s e d  cream. However, the l e v e l s  of 

FFA observed i n  t h e  p r e s e n t  i n v e s t i g a t i o n  may be due 

t o  pre-manuf a c t u r e  l i p o l y s i s  a r i s i n g  from t h e  uptake 

from cream of FFA l i b e r a t e d  by the n a t i v e  milk enzyme 

(Downey, 1975) and a l s o  t o  FFA c o n t e n t  of sa f f lower  

o i l .  S i m i l a r  obse rva t ions  i n  FFA con ten t s  i n  PUFA 

r i c h  b u t t e r s  were r epo r t ed  by Cadden e t  -- al. (1984a) 

(1984b). Thus, t h e  observa t ions  of t h e  p r e s e n t  

i n v e s t i g a t i o n  are i n  agreement with t h e  obse rva t ions  

r epo r t ed  i n  t he  l i t e r a t u r e .  P r e s e n t  s t u d i e s  s i g n i f y  

t h a t  i nco rpo ra t ion  of s a f f lower  o i l  a t  lo%, 20% and 30% 

l e v e l s  i n  b u t t e r  had n o t  shown any perceptab le  i n c r e a s e  

sugqes t lng  t h e  absence of l i p o l y t i c  r a n c i d i t y  i n  t h e  

proauc ts. 

Hclrdncss of b u t t e r  r e f e r s  t o  t h e  r a t i o  of s a tu -  

r u t e d  and unsa tu ra t ed  f a t t y  ac ids .  Increased  h<:rdness 

~ r . z i c ~ t e s  the presence of h i g h e r  amounts of s a t u r a t e d  

f a t t y  3 ~ ~ 4 s .  Urlsaturated f a t t y  a c i d s  g ives  s o f t n e s s  

t o  b u t t e r .  T h i s  study was undertaken t o  s tudy  t h e  

e f f e c t ,  of saf f lower  o i l  i nco rpo ra t ion  a t  1071, 20% and 

3d", i n  b u t t e r  on ~i , ! rdness .  



From the obse rva t ions  ob ta ined  i n  the p r e s e n t  

i n v e s t i g a t i o n  i n  table 16, the hardness of c o n t r o l  

b u t t e r  and i t s  b l ends  wi th  10%. 20% and 30% sa f f lower  

o i l  was found to be 59,8, 70.0, 88.5, 129.75 u n i t s  

r e s p e c t i v e l y .  I t  may be seen t h a t  t h e r e  was s i g n i f i -  

cant e f f e c t  on hardness  o f  b u t t e r  s a f f lower  o i l  

b lcnds  w i th  an i n c r e a s e  i n  i nco rpo ra t ion  of s a f f lower  

o i l  i n d i c a t i n g  an increased  l e v e l  of unsa tura ted  

f a t t y  ac ids .  The d e c r ~ a s e  i n  hardness  of b u t t e r -  

s a f f lower  b lends  could be a t t r i b u t e d  t o  an i n c r e a s e  

i n  unsd tura ted  fdtc;r a i Js  ( sec t lon :  5.2.2 & 5,3) which 

inc reased  t h e  l i q u i d  Ea t  ~ n d  corres;,ondingly the s o f t -  

n c s s  o r  b u t t e r .  I t  Insy be f u r t h e r  seen ( t a b l e  17)  t h a t  

t h e  h,rdn,:ss of co:!trol  b u t t e r  and i t s  blends remhined 

f ~ i r l y  c o r ~ s t ~ n t  i n d i c ; i t i a g  proper c o n t r o l  i n  mois  turc 

conter:t and s to ruge  t emi~c ra tu re  ( s e c t i o n  5.1.2) du r ing  

t ! ic s t;;)rsgc ,,c?riod. k i i ; l i l d r  observdt ions  on hardness  

r e s u l t i n g  from ~ * U F A  r l c h  b u t t e r s  were repor ted  by 

Ks-salis -- e t  a l .  (1963), i3achanan anJ Roc;eri (19731, 

S c o t t  e t  a l .  (1978) u ~ . A  S a t i s h  Kulkarni  and R d a  Murt .y -- 
(1935),  (19871, (19t~O). 

Tr i< -  o~cc;v . t lor ,s  ob ta ined  i n  t h i s  i n v e s t i g a t i o n  

,re i n  co . f i r ~ . ~ ~ t l o : ,  w i t h  tile o b s e r v ~ t i o n  r e ~ ~ o r t e d  i n  



the literature. Thus, i t  may be concluded that an  

increase in the level of FUFA i n  b u t t e r  tends  t o  make 

the butter sof term 

5.3.5 Spreadability 

From t h e  observa t ions  ob aincd i n  the  1,rcsent 

- i ~ @ s  ti.+~-Fn- 24, - t h ~  s p r W J i - t y -  -&-bu"Lr- 

and i t s  blends with  lo%, 20% and 30% saf f lower  o i l  as 

measured phys i ca l l y  by o b j e c t i v e  t e s t s  irnrneJiatcly 

a f t e r  the samples were taken from refrior r a t o r  wi thout  

thawing t h e  samples was found t o  uc Poor, F a i r ,  Good 

and Very Good r e spec t ive ly .  I t  may be f u r t h e r  s n e n  

t h a t  t h c r e  was no s i g n i f i c d n t  chance i n  cp readab i l i t y  

du r ing  the s t o r a g e  period.  Increased s: r e a d z b i l j  t y  

i n  t h e  b u t t e r  blends could be a t t r i b u t e d  t o  an increased  

USFA conten t  which remains i n  l i q u i d  s t a t e  even a t  low 

0 
tenperstures (5 C) . This e x p l a i n s  t h e  reason f o r  i n -  

creased z p r c a d a b i l i t y  of b u t t e r  b lends,  I t  h3s  been 

repor ted  t h s t  a: i nc rea se  i n  Iodine v s l u r  rer;ul"_ i n  

an increase i n  sp readab i l i t y  ( H i l l  an3 Talncr 1838, 

Dixon 1964)  i n d i c a t i n g  i n d i r e c t l y  i n  n i iancin ; l  l c+vo l s  

of USFA. Simi la r  obccrvs t ions  wcre re,o-tc4 by S t i s h  

~ u l k ~ x n i  and Rams Murthy (1937),  (1988), i n  t t lc ir  szudies 

on bu t te r -vegc tab le  o i l  blends. SO t h e  0'uscwc;tions 



of p re sen t  i n v e s t i g a t i o n  a r e  i n  agreement wi th  t h e  

~ D s e r v a t i o n s  reported i n  the l i t e r a t u r e .  

Thus, it may be concluded t h a t  t h e  incorpora t ion  

of sa f f lower  o i l  n o t  only enhanced the PUFA conten t  

( s ec t ion  5 . 2 . 2 )  b u t  a l s o  overcame t h e  problem of poor 

s p r e a d a b i l i t y  of b u t t e r  which i s  gene ra l ly  observed by 

connoisseur  of butter.. SO the incorpora t ion  of s a f -  

f lower  o i l  upto a l e v e l  of 30% can circumvent t h e  

problem of poor s p r e a d a b i l i t y  of b u t t e r  when drawn 

d i r e c t l y  from the r e f r i g e r a t o r  a t  low temperature. 

Sensory eva lua t ion  

5.3.6.1 Flavour 

From t h e  observa t ions  of p resen t  ; nves t iga t ion  

i n  t a b l e  19, i t  may be not iced t h a t  t h e  average f lavour  

s co re s  a s  measured on hedonic scale ,  of cont ro l  b u t t e r  

and i t s  blends with lo%, 20% and 30% saff lower  o i l  was 

found t o  be 8.125, 8.25, 8.25 and 8.25 respec t ive ly .  

I t  may be f u r t h e r  observed i n  t ab le  20, t h a t  no percep- 

t i b l e  change i n  t h e  f lavour  s co re  of b u t t e r  and i t s  

blends was observed during t h e  s t o r a g e  period f o r  40 days 

~t may be i n f e r r e d  f r o m  t h e  observat ions  that a b u t t e r  

blend s i m i l a r  i n  f l avour  c h a r a c t e r i s t i c s  t o  t h a t  of 



c o n t r o l  butter could be manufactured by incorpora t ing  

sa f f lower  o i l  upto  30% leve l .  There was no change i n  

the f l a v o u r  du r ing  the s t o r a g e  period of 40 days which 

may be a t t r i b u t e d  t o  t h e  use  of completely deodourised 
i 

saf f lower  o i l  anrr a l s o  to  the absence of Oxidative and 

l i p o l y t i c  r a n c i d i t y  (5.3.2 and 5.3.3 1. The , judges were 

unable t o  perce ive  any change . . i n  t h e  f lavour  of b u t t e r  

and i t s  blends. S imi lar  observa t ions  regarding f l avour  

changes i n  but ter-vegetable  o i l  blends were reported by 

M i l l e r  (1968), Bachanan and Rogeri (1973), Hehira -- e t  a l .  

(1976), Arsov (1984) # Sa t i sh  Kulkarni and Rma Murthy 

(1985) (1907) (1988). 

Thus i t  may be concluded t h a t  t h e  addi t ion  of 

sdf f lower  o i l  a t  10S!, 20% and 30% l e v e l  i n  b u t t e r  had 

no e f f e c t  on t h e  o r i g i n a l  f lavour  of bu'ter. 

5.3 -6.2 Color and Appearance 

From t h e  observat ions of the present  inves t iga t ion  

i n  t a b l e  23 ,  it may be not iced t h a t ,  the  average co lo r  

and appearance sco res  of con t ro l  b u t t e r  and i t s  blends 

with lo%, 20% and 30% saf f lower  o i l  was found t o  be 

8.15, 8.25, 8.08 and 8.0 respec t ive ly .  I t  may be f u r -  

t h e r  seen t h a t  t h e r e  was no change i n  co lo r  and appea- 

rance during s to rage  period of 4 0  days as  indica ted  by 



the score i n  the t a b l e  24. F u r t h e r  t h e r e  was n o  s i g n i -  

f i c a n t  dif fe t 'ence in the sco res  05 c o l o r  and appearance 

compared t o  t h a t  of c o n t r o l  b u t t e r  s t a t i s t i c a l l y .  ~ u t  

the marginal  dec rease  i n  t h e  s c o r e s  of c o l o r  and apbjea- 

r ance  observed f o r  t h e  blend may be a t t r i b u t e d  t o  t h e  

effect of i nco rpo ra t ion  of s a f f lower  o i l  i n  b u t t e r  

which . .. . r e s u l t e d  i n  l i g h t e r  co lo r .  However, t he  score. 

was wi th in  t h e  accep tab le  l i m i t  which was a l s o  observed 

by va r ious  au tho r s  i n  t h e i r  s t u d i e s  on bu t t e r -vege tab le  

o i l  b lcnds ( ~ i l l e r  1968, Bachanan and Rogeri (19731, 

S a t i s h  Kulkarni  and Rams Murthy (1985) (1987) (1988) 

and Biernor th  e t  a l .  (1986). -- 
Thus i t  may be concluded t h a t  t h e  h i q h e r  l e v e l  of 

s a f f l o w e r  o i l  i nco rpo ra t ion  had no s i g n i f i c a n t  e f f e c t  

on t h e  a c c e p t a b i l i t y  of b u t t e r  b lends  with r e s p e c t  t o  

c o l o r  and appearar.ce. 

5.3.6.3 Body and Texture  

From t h e  obse rva t ions  of the p r e s e n t  i n v e s t i g a t i o n  

i n  table 21 ,  i t  may be seen t h a t ,  t h e  average body and 

t e x t u r e  s c o r e s  of c o n t r o l  b u t t e r  and its blcnds v:ere 

found t o  be 8.25, 8.30, 8.20, 8.30 r e s p e c t i v e l y .  I t  

may be f u r t h e r  observed t h a t  t he  b u t t e r  blends r e t a i n e d  

i t s  body and t e x t u r e  throughout t h e  s to rage  per iod  of 

40 days  a s  i n d i c a t e d  by body and t e x t u r e  s co re s  wherein 



no d i f f e r e n c e  was discerned i n  the score dur ing  the 

s to rage  ( t a b l e  22) .  It may be in fe r r ed  from the obser- 

va t ions  t h a t  a b u t t e r  blend s i m i l a r  i n  body and t e x t u r e  

c h a r a c t e r i s t i c s  t o  t h a t  of control b u t t e r  could be manu- 

f ac tu red  by incorpora t ing  saff lower  o i l  upto 30% l eve l ,  

It was found (from the  preliminary s t u d i e s  on the  ex ten t  

of incorporat ion of saff lower  o i l )  t ha t ,  b u t t e r  blends 

upto 30% saf f lower  o i l  incorporat ion could able  t o  

r e t a i n  t h e i r  body and texture .  Beyond 30% leve l ,  it 

was observed t h a t  the  b u t t e r  blend was sloppy and had 

excessive s2 readab i l i t y  which was found to be non-advan- 

tageous. So the present  s tudy was r e s t r i c t e d  upto 30% 

l e v e l .  However, Judges observed t h a t  t he  body and t e x t u r e  

were acceptable when compared t o  ordinary bu t te r , .  though 

they have obse-ved l i t t l e  so f tnes s  with increased l e v e l  

of incorporat ion.  Mi l l e r  (19681, Arsov (19841, Biernorth 

~t dl. (1986) i n  t h e i r  s t u d i e s  on t h e  sensory characte- -- 
r ist ics of b u t t e r  blends reported s i m i l a r  observat ion 

on the  body and t ex tu re  characteristics. 

'i'hus it Inay be concluded t h a t  t h e  incorporat ion of 

sclff lower o i l  i n  tfie b u t t e r  had no s i g n i f i c a n t  effect 

on the  body and t e x t u r e  of the  b u t t e r  blends. 



5.4 COYSARATIVE - COST STKJIES 

Comparative costs of control b u t t e r  and its blends 

are given below8 

Rs. ps* 
1. Cost of b u t t e r  f a t  pe r  kg . 58.00 

2, Cost of SAFFOLA per kg ,, 44,OO 

3 .  Cost of b u t t e r  f a t  + 10% 
saf f lower  o i l  8. 56-60 

4. Cost of b u t t e r  f a t  + 20% 
saff lower  o i l  .. 55.20 

5. cost of b u t t e r  fat + 30% 
safflow1:r o i l  .. 53.80 

I t  may be seen from the  above observntions t h a t  

t h e  bu t t e r  f a t  on 100% basis i s  c o s t l i e r  than the  vegetable 

o i l  ( ref ined saff lower  o i l ) .  So the replacement of saf-  

f lower o i l  a t  20% and 30% has  resu l ted  i n  a marginal 

decrease  i n  the  c o s t  of t h e  product. Further,  30% l e v e l  

has l e a s t  cost of production. The o the r  cons t i tuen ts  

er L ~ U C ~ W  were ~ l f u i l & r  11'1 both control b u t t e r  and its 

blends. Thus, it may be concluded t h a t  incorporat ion 

of sa f i lower  o i l  has resu l ted  i n  a marginal decrease i n  

t h e  production c o s t  of the  blends. The c o s t  of 30% l eve l  

of saff lower  o i l  incorporat ion prooved to  be minimum 

and was f o u n d  t o  Lr economical, 



CHAPTER VI 

6. SUMMARY 

This s tudy  w a s  undertaken t o  s tudy t h e  f e a s i b i l i t y  

of i n c o r p o r ~ t i o n  of safflower o i l  a t  lo%, 20% and 30% 

l e v e l s  i n  b u t t e r  t o  enhance t h e  l e v e l s  of PUFA and i t s  

effect on bhys i ca l  and chemical c h a r a c t e r i s t i c s  such a s  

sensory  c h a r a c t e r i s t i c s ,  h i rdnzs s ,  sp readab i l i t y ,  I .V, 

yerordde value,  PFA conten t  and f a t t y  acid  p r o f i l e  of 

r e s u l t a n t  b u t t e r  b lends and subsequent changes dur ing  

40 days of s t o r a g e  per iod and a l s o  t he  economic f e a s i -  

b i l i t y  of t h e  blends.  B u t t e r  was >repared from mixed 

milks ,  s a f f l ower  o i l  sold  i n  t he  brand name of ' S a f f o l a '  

was used a t  20% and 30% l e v e l s  i n  t h e  b u t t e r .  

E u t t c r  wi thout  any o i l  was a l s o  pre,,ared as con t ro l .  

a u t t e r s  wi th  lo;;, 20% and 30% saf f lower  o i l  had 

same proximate c~ l I l i ,o~ i  t i o n  of 80% f a t ,  16:- moisture,  

2;: curd and 2;; ssl t  JS t h s t  of con t ro l  b u t t s r .  The 

i a t t y  ac id  p r o f i l e  of b u t t e r  blends rccognised a s ign i -  

f i c a n t  i n c r e a s e  i n '  t UFA con ten t  (18; 2 )  with a cor res -  

ponding aec rease  i n  a l l  other f a t t y  ac id s  conj+tred t o  

the c o n t r ~ l  b u ~ t c r .  The PUPA c ~ n t e n t  of c o n t r o l  b u t t e r  

~ L I U  100,1, 20 r0  JU,- b u t t e r  saf i lorder  o i l  b lcnds was 

found t o  be 2 .13  - + 0.072, 9.52 - + 0.8113, 16.756 - + 0.7391 

alii! 23.50 2 0 .9261 .  
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Iodine v a l u e  s i g n i f i c a n t l y  (P 0.01) i n c r e a s e d  w i t h  

h i g h e r  level of (lo%, 20X, 30%) o i l  incor i ,o ra t ion  as 

compared t o  c o n t r o l  b u t t e r .  Average Iod ine  v a l u e s  of 

c o n t r o l  b u t t e r ,  and 10X, 20% and 30% o i l  i n c o r ~ ~ o r a t i o n  

were found t o  be 30.35, 41.26, 52.17 an6 70.45 r a s t . ~ c c t i v c l  

F u r t h e r  s t o r a g e  pe r iod  from 0 t o  40 days  d i d  n o t  e f f c c t  

s i g n i f i c a n t l y  the 1.V.s of both  c o n t r o l  b u t t e r  and i t s  . * . 

blends .  

Peroxide  v d u e s  of b u t t e r  b lends  with lo::, 20% and 

30% s a f f l o w e r  o i l  had inc reased  more than t h a t  of  c o n t m  1 

b u t t e r ,  b u t  was found t o  be non-s i f2ni f icnnt .  Inc reased  

o i l  i n c o r p o r d t i o n  had shown a s l i g h t  i n c r e a s e  i n  pe rox ide  

va luc .  The average  pe rox ide  vtl lue of c o n t r o l  b u t t e r  a d  

i t s  b lends  were found t o  bc 0.008, 0.111, 0.017 and 

0.019 rneq/kg/fat r c s ~ e c t i v c l y .  F u r t l ~ c r ,  sto, igc period 

from 0 t o  40ciays hsci no s i g n i f i c c l n t  e f f c c t  on t h e  ptro::ide 

v a l u e s  of both  c o n t r o l  b u t t e r  dnJ i t s  bl nds i n c i ~ c c t i n q  

t l lc  absence 05 ~ i : ~ d z t i v ~  Liavours.  

ETA c o n t c n t  (va1ues)werc h i g h e r  i n  b u t t e r  incorpo-  

r a t e d  w i t h  lo';;, 20% and 30% s s a f f l c v ~ r  o i l  ':ban cr n t r o l  

b u t t e r .  Inc reased  1 cvr:l of o i l  i n c o r , o r a t i c n  hC:d ri r u l t c  

i n  an increase i n  v d u e  b u t  t h i s  was under ~1ermli;siblc 

l i m i t  t o  impar t  l i l ~ o l y t i c  r a n c i d i t y .  The a v e r a g t  FFA 



values of c o n t r o l  b u t t e r  and i t s  blends were found to 

be 0.214, 0.316, 0.384 and 0.*7 r e s p e c t i v e l y .  F u r t h e r  

s t o r a g e  period from 0 t o  40 days had n o t  resulted i n  

any s i g n i f i c a n t  e f f e c t  on t h e  r e s p e c t i v e  FFA v c l u c s  of 

bo th  c o n t r o l  b u t t e r  and i t s  b lends  s u g g e s t i n g  t h e  absence  

of 1 i ~ ~ o l y t i c  a c t i v i t y  . 
A d e c r e a s e  i n  ha rdness  was observed wi th  an i n c r e a s c  

i n  the l e v e l s  of s a f f l o w e r  o i l ,  the p roduc t  was s o f t  

enough t o  r e t a i n  i t s  boLy and t e x t u r e  and it d id  n o t  

detcr  t h e  b l c n d s  t o  bc ranked s i m i l a r  t o  c o n t r o l  b u t t e r .  

The aver2gc  vd lues  f o r  h ~ r d n c s s  i o r  c o n t r o l  b u t t e r  and 

i t s  b lends  were found t o  be 59.8, 70.0, 98.50 and 

119.75 r e s 2 e c t i v e l y .  

S s r ~ a d a b i l i t y  of  b u t t e r  b lends  hud shown a  s i g n i f i -  

c a t  change wi th  an i n c r e a s e  i n  the l e v e l  of o i l  i n c o r -  

k o r ~ t i o n .  S g r e a d a b i l i t y  was a t  i t s  D e s t  ;;it 50:" l e v e l  

of  o i l  i ncor ; jo ra t io .  . Beyond 30% l e v e l ,  b u t t e r  r;as 

s loL ,py  and e::ccssive s p r e a d a b i l i t y  (f l ~ i a ~  ::/) was 

observed which w c 2 s  roun~: t o  be non-advcn:ageous and t h e  

g r o a u c t  i a i l L d  t o  ~ c e , ,  i t ' s  c h a r a c t e r i s t i c s  body and 

tc::ture. 

C u t t e r  b lends  w i t h  lo"/:, 205; and 30% hiid f l a v o u r .  

s c o r e s  s i ~ i l i l a r  t o  t h a t  of c o n t r o l  b u t t e r ,  o i l  incorpo-  



r a t i o n  had no s ignif icant  e f f e c t p n  f lavour .  Storage 

per iod  had no s i g n i f i c a n t  e f f e c t  on f l avour  s co re s  of 

both con t ro l  b u t t e r  and i ts  blends. 
D\Vq 

Color and a2pearance sco re s  were no t  s i g n i f i c a n t l y  

a f f cc t cd  by the l e v e l  of o i l  incorporat ion.  Color a ~ ~ d  

appearance sco re  remained f a i r l y  s i m i l a r  (though l i g h t e r ,  

i n  color ,  it  was acceptable)  with increased l e v e l  o f  o i l  

~ n c o r p o r a t i o n .  - lour  appearance sco re  of cont ro l  b u t t e r  

and i t s  blends rdmained f a i r l y  s t a b l e  through ou t  the 

s to ragc  ~ ~ e r i o d  from 0 days t o  40 days. 

Body and t e x t u r e  scores  were found t o  ue non-signi, 

f i c a n t  i n  con t ro l  bu3ter  and i t s  blendslevel  of o i l  had 

no s i g n i f i c a n t  e f f e c t  on body and t ex tu re ,  Storage 

from C t o  40 days a i d  no t  show any significant 

e f f e c t  on body and t e x t u r e  i n  both cont ro l  b u t t e r s  and 

i t s  bldnds . 
Storage of con t ro l  butter . . and i t s  blends f o r  

40  dr;ys d i d  noL inr i icatc  any perceptible ch;nges i n  

louilie value ,  ,~ ro>: ide  value, FFA content ,  hardness 

;n; s i , r oada l i l l t y ,  i nd i ca t ing  t h e  absence of ox ida t ive  

f l a v o u r s  1 i i ) o l y t i c  o r  h y d r o l y t i c  r a n c i d i t y  i n  the  

blends.  



Thus, it may be i n f e r r e d  from above observat ions 

t h a t  a butter  blend, similar i n  f lavour ,  body end 

t e x t u r e  and color and appearance and r ead i ly  rpreadable 

0 u t  cvcn low tun;)( rd ture  (5 + 1 C) , cornlared t o  o rd i -  - 
nary b u t t e r  could be rnanufacturd by incorporat ing saf- 

flower o i l  upto a maximum l e v e l  of 30::. The present  

s tudy recor i~~ends  t h a t  safflower could be incorporated 

u,to 30iY, since i t  \;as found t o  bt economical and phy- 

sically advantageous . Beyon15 30L l cvc l ,  I t \.;as assessed 

t h a t  t he  b l ~ n d s  f z i l e d  t o  keep t h e i r  bcdy an: t ex tu re  

&lid h6d ~ : I C C S S ~ V I  ~ : r e a d & i l i t y  r;liich was found non- 

me c o s t  of k n i u c t  ?er  1:s of but ter  f a t  incorpo- 

r ~ t e d  \ , i t h  lo:,, 20,u and 30." s,Lflorr r o i l  ;;as m a g i n a l l y  

l o b i e r  (id, 56.60, 55.20, 53.80) thar,  the  cont ro l  b u t t e r  

(1;.56.00) qn 13,:; f z t  bas is .  Further,  increased levels  

of o i l  incorPorLt,on decreases the c o s t  or product. 

butter blends ~ ; l t h  30; ssafflower o i l  incor,,oratlon h ~ d  

least c o - t  o i  production, 



APPENOIX 

P rocedure fo r  butter manufacture 

Milk 

Separation 

Cream 

Pas teuris a t i o n  

Churning 

Washing 

Sa l t ing  and working 

Packaging and storage 
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