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1. INTRODUCTION 

Ghee (heat clarified butterfat) holds an important 

position among edible fats due to its uniqUE! pleasing caramelized 

flavour and granular texture. Nearly 39% of our total milk 

production is utilised for making ghe~~ due to its heavy demand 

and long shelf-life. Ghee-residue is the by-product of ghee 

rn i'tn11far.turing industry. Durinq the manufacture of qhee, the 

solids not fat (SNF) present in cream or butter appears in thE: 

for m of s m a 11 p art i cl es k now n as ., G h e e - res i d u e ' . It is obtained 

as a moist brownish sediment after molten ghee has been strained 

out. The annual production of ghee-residue in large organised 

ghee making plants is 6000-8000 tonnes (Dairy India, 1985). 

entrapped 

Ghee-residue contains 

fat, heat denatured 

large but varying amounts of 

milk proteins, caramelized miik 

sugJrs, minerals and moisture. T he col our of g he e - res i d u e , 

quality and quantity of its various constituents vary depending 

upon the method of manufacture and the temperature of clarifica­

ticn of ghee. 

The approximate chemical composition (%) of 

ghee-residue varies as fat (32-70), protein (12-39), moisture (8-

30). lactose (2-14) and ash (1-8) (Santha and Narayanan, 1978a; 

Relwani, 1978; Grewal, 1979). Thus, ghee-residue is a rich 

source of lipids and proteins. 

Further, ghee-residue is a rich source of polar 

~~ipic!s like phospholipids (1-9%) and polar non-lipitll constituents 
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like amino acids, sugars, free sulphydryl compounds etc. which 

contribute towards its antoxidant property (Santha and Narayanan, 

1978a, 1979b). During hedting of cream/butter, proteins of 

phospholipid-protein comp1exes get denatured to give amino acids 

and sulpilydryl compounds. With the removal of moisture, <l 

small portion of phospholipids move into the fat phase whereas 

a major portion of p hosp holipids because of their polar nature 

are retained in the ghee-residue. Also lactose and protein 

present may undergo browning (Maillard) and caramelization 

reactions giving rise to browning products. All these 

constituent together account for the anti ox id ant property of ghee­

i·es idue. 

It is reasonable to believe that major portion ~f the 

flavour compounds produced from various milk constE.uents (viz., 

lipid, protein, carbohydrate, citrate or their interactior1 

products) by the action of heat and/or starter culture during 

ghee preparation get concentrated in the ghee-residue because of 

their polar nature. 

the flavour potential 

It ~1as, therefore, of interest to determine 

of ghee-residue with special reference to 

free fatty acids FFA, carbonyls and lactones level. This basic 

information 

(a dairy 

flavouring 

etc. 

would be of applied interest in utilizing ghee-residue 

waste} as flavour concentrate of ghee flavour for 

bland products viz. vegetable fats/oils, butter oil 

-0-0-0-
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2. REViEW OF LITERATURE 

It is propo!:ied to review here the literature of 

studies to-date under the following heads: 

2.1 CHEMISTRY OF GHEE-RESIDUE AND ITS SIGNIFICANCE 

The literature on ghee-residue is reviewed up-to-date 

under the following sub-heads: 

2.1.1 Yield 

The amount of ghee-residue was found to depend upon 

the method of preparation of ghee. This was due to the 

variation of the non-fatty serum constituents of the different raw 

materials used for the preparation of ghee. The amount of 

residues varied from 1.5 to 1.7% of the butter handled (Rangappa 

and Achaya., 1974). The average yield of ghee-residue was 

maximum (12%) in d'irect-creamery (DC) method followed by 

almost tile same yield (3.7%) in creamery-butter (CB) and 

desi-butter (DB) methods. Ripening of cream prior to 

clarification of cream reduced the yield of ghee-residue (Santha 

and Narayanan, 1978a). 

2.1.? Particle size and density 

Ghee-residue is generally removed by bag fi1ters or 

muslin <;loth, but for the continuous ghee clarification process, 

centrifugal clarifiers have been designed. It is im ·portant to 

knov1 the particle size distribution and the density of 

qhee-resiJue particles for designing such clarifiers. Zaidi et al. 
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(1980) determined the average particle diameter as 104.7'J 
., 

microns and average density of residue particles as 1.14 g/crn ..... 

2.1.3 Composition 

There were considerable variations in the chemical 

composition of ghee-residue depending upon the method of 

preparation of ghee. The approximate composition (3) of 

ghee-residue varies as fat (32-70). protein (12-39 ), moisture (8-

30), lactose (2-14) and ash (1-8) (Santha and Narayanan, · 1978a~ 

Relwani, 1978; Grewal 1979). Moisture, protein and · ash contents 

were more in CB and DB ghee-residues than in OC ghee-resid1Jes. 

Fat content was higher in DC than in butter ghee-residues. 

Lactose content was the highest in DB followed by DC and CB 

ghee-residues (Santha and Narayanan, 1978a). Similar 

observations were made by Mani (1952) and Prahlad (1954). 

These studies reveal that ghee-residue is a rich source of lipids 

and proteins. 

2.1.3.1 Lipid fraction of ghee-residue 

Lipid fraction of ghee-residue ~·io.s characterisea for-

the. following parameters. 

2.1.3.1.1 Physico-chemical constants 

Santha and Narayanan {1978b} comp a red the 

physico-chemical constants of ghee-residue lipids with those of 

ghee .Lipids of ghee-residue had low Reichert and Polenske 

values (24.4, 1.3) and high Iodine value (43.if) in comparison to 

those of corresponding ghee(30.1, 1.6, 33.9 .respectively). 
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2.1.3.1.2 Fatty acid composition 

Santha and Narayanan (1978b) observed slight diffe­

rences in the fatty acid composition ·of ghee-residue lipids and 

ghee. The lipids of ghee-residue contained less of lower chain 

fatty acids 4:0 to 12:0 (5.3%) especially butyric acid, and total 

:; .·;t.11r 1:i t~ .~ fatty acids (58.7%) and more of unsaturated fatty cc ds 

(41.3%) in comparison to those of corresponding ghee (10.1, 66.3 

and 33.2% respectively). The neutral lipids of ghee-residue had 

a similar fatty acid composition to t1at of ghee. The fatty ar:id 

cr1mposition of phospholipids showed that it had no fatty acids 

lov.!er than 12 carbon atoms. 

2.1.3.1.3 Polyunsaturated fatty acids (PUFA) 

Santha and Narayanan (1978b) reported ti1at 

irrespective _of the method · of preparation, PUFA contents of ghee­

residue lipids were more than those of corresponding ghee. The 

average total PUFA contents of lipids of DC ghee-residue, CB ghee­

residue and CB ghee were · 3.3, 4.4 and 2.8% respectively. Total 

PUFA contents of ghee- residue phospholipids (11.5%) were more 

than those of ghee-residue neutral lipids (2.8%). 

2. 1 • 3. 1. 4 p h OS p h 0 lipids 

· Ghee-residue was observed to be rich in phospholip·ids 

(1-9%). Further, tht! phospho1ipid content of gilee-resiJue was 

dependent upon the method of preparation. In unripened and 

ripened DC ghee-residues, the phospholipids were about 1.57 and 

1.10~~ respectively of their total fat contents. In CB and OB gh2e-

residue, the phospholipids \-Jere about 17.39 and 4.95% 
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respectively of their total fat. Thus, phospholipid content ~1as 

the highest in CB g h ·~e-1es id ue lipids and the least in ripened 

cream ghee-residue lipids (Rama Murty et al.' 1969; Santh a and 

N a r a .Y an an , 1978a). These levels are much higher th an those in 

ghee (0.004-0.08) (Rama Murthy and Narayanan, 1966; Pruthi, 

1980; Lal et al., 1984) • The p h OS p h 0 lipid content of ghee-residue 

decreased as the p~~riod of heating increased due to the tra~' :fer 

of phospholipids from ghee,-residue to ghee. 

~lhile heating cream/butter, only a small fraction of 

the phospholipids. g~~ts transferred to ghee. Most of the 

phospholipids remain ~"ith the residue because of their polar 

character. The differences observed in the physico-chern iCal 

constants, fatty acids and PUFA contents between lipids of ghee-

residue and ghee were due to the high phospholipids contents 

of ghee-residue. 

2.1.3.2 Proteins in ghee-residue 

2.1.3.2.1 Soluble and non-soluble nitrogen 
content of ghee-residue 

Saritha and Narayanan (1979b) reported that soluble 

nitrogen content of g hee-res id ue prepared from cream er cream er y 

butter decreased with . heating ti111e. It decreased from 0.82 and 

0.89% to 0.42 and 0.38% upon heating at 120°C momentarily to 

'120°c for 30 minutes respectively. The decrease in soluble 

nitrogen content might be due to the denaturation of the proteins. 

The ::i.verage non-protein nitrogen content of CB ghee-residue was 

0.81%. By paper chromatographic technique 11 free amino .:icids, 

2 amines and 8 unidentified spots were detected in ~Jhee-residue· . 

These amino acids might have liberated from proteins due ~.o 

hydrolysis on heat treatment. 



7 

2 • 1 • 3 • 2 • 2 Sul p h yd r y l com pounds 

The total reducing capacity (expressed as mg of cys-

teine hydrochloride/g) of CB ghee-'residue (26.0) and free sul­

phydryl content (uM/g) of ghee-residue (2.90) were much higher 

than those in ghee (0.075 and 0.02 respectively)(Santha and 

Narayanan, 1979b). These reducing substances or free sulphy-

,:;r y 1 groups might have liberated from the protein durina reat 

treatment and because of t ;1eir polar nature are mostly retained 

in the ghee-residue. Whey proteins, especially 8-lactoglobi!lin 
' 

is the main source for these sulphydryl compounds. 

2.1.3.3 Milk sugars in ghee-residue 

Santha and Narayanan (1979c) reported various sugars 

(v1eight per cent) rn ghee-residue prepared at 120°c;o min as 

la ctose (76.6), galactose {14.1), glucose (5.3) and tw o 

unidentified sp1.1ts one at the origin (4.0) and second of faster 

mobility. Further, as the period of heating was increased, the 

lactose content of ghee-residue decreased with a corresponding 

increase in galactose and glucose content. The unidentified spots 

,,.ere a 1 so found to increase as the period of h.eating increased . 

The lo\ver content of glucose in comparison to galuctose might 

be due - to the fact that glucose moiety of lactose contains the 

nerniaceta! struci:ure and is involved in sugar-amine reactions. 

Tile unidentified spots might be due to some of the breakdown 

products or sugar fragments formed during bro~·rning ( M ai-il ard) . 

o:-- caramel ·ization reactions. 

2. l .4 Antioxidant properties of ghee-residue 

Pagote and Bhandari (1988) have highlighted the anti-

ox~dant prop2rties of ghee-residue. The development of per-



oxides in ghee samples cont:tining 2% ghee-residue at 80°C were 

slower than in the control showing thereby that ghee-residue 

contained antio xygenic substances (Santha and Marayanan, 1978c ) . 

The overall antioxygenic properties were due to both lipid and 

non-lipid constituents (Santha and Ncirayanan, 1979a). 

?.1.4.1 Contribution of lipid constituents 

In lipid constituents of ghee-residue, · phospholip i ds 

showed the maximum antioxidant property followed by i;{-tocopherol 

.i nd vitamin A. Jl.rnong the various phosoholioid fractions, 

cep halin showed the greatest antioxidant activity (Sant~1a and 

il arayanan, 1979a). 

Pruthi et al. (1973) described a heat-pro·:essing 

method for the extraction and fortificat:on of ghee with 

ghee-residue phospholipids. Ghee-residu s mixed with equal 

amounts of fat and heated to 120°c for gave almost complete 

r ecove r ies. Santha and Narayanan reported th at the 

o x i d at i v e st a b i l it y of g he e \'I as increased b y in c re as in g its p h o s -

pholipid content (0.1_%) either through heat-treatment process or 

through solvent extraction process. Lal et al. ( 1984) 

standardised a heat-processing method for the transfer of 

phospholip -ids from ghee-residue to ghee. It was observed that 

heating ghee-res ·idue with ghee in the ratio of 1:4 at 130°c gave 

max imum transfer of phospholipids from ghee-residue to ghee. 

These antioxidant concentrates can be added to ghee to give about 

0.1% phospholipids so as to incre.lse the keeping quality of ghee. 
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2.1.t1.~ Contribution of non-lipid constitucmts 

Santha and Narayanan (1979a) reported that among the 

non-lipid constHuents, the amino acids praline, lysine, cysteine 

hydrochloride and tryptophan sho\.'1ed antioxidant property. The 

contribution of pro1ine as antioxidant was maximum though less 

th an B H A at 0 • 0 23 1 eve l . Further, the addition of lactose, 

glucose, galactose and their interaction products \'dth protein 

clnd phospholipid to ghee increased the oxidative stability of 

ghee. Further, Santha and Narayanan (1979b) reported that as 

g hee-resi due contains large am aunts of reducing substances incl u d-

ing free sulphydryls, such compounds may also contribute to the 

anti ox ·id ant properties of g hee-res i cf ues. 

2. 1 . 4. 3 Antioxidant properties as affected 
by the temperature of clarification 

Santha and Narayanan ( 1978c) showed that the addition 

of g h ee-resi due obtained from g hee manufactured at lower tern pe­

rature 110°c resulted in lesser development of pero.:cides than 

the addition of ghee-residue obtained from ghee 111anul'aclure~! .1t 

higher temperature of 150°c. Similar observations 1-1ere ma:le 

by El-Sokkary ;1nd Ghoneim (1951), El-Sokkary and Zaki (1953) ·. 

;rnd Rama Murthy et al. {'1969). Th us, the antioxidant efficiency 

of ghce-residue decreases with increase 111 the ternperatur'e of 

c l a r i f i c at i on of g h e e • 

2.1.4.4 Antioxidant properties as affected 
by the method of preparation 

Santha and Nrtrayanan (1978c)- observed that C8 ghee-

residue hu.d the maximum antioxidant property followed b_y DB 

and DC ghee-residues. 

··. 



2.1.4.5 Antioxidant properties as affected by 
the nature of i.mtioxygenic compo11ents 

10 

Santha and Narayanan (1978c) observed the antiox.idant 

efficiency of ghee-residues extr<lcted with various sol vents as: 

acetone-extracted ghee-residue ·j. petroleum ether-extracted ghee­

residue > solvent ether extracted ghee-residue > lipid · free 

(alcohol-solvent · ether-petroleum ether extracted) ghee-residue. 

Thus the lipid fractions, especially the acetone-insoluble fractions 

of :i hee-resid ue had the greatest antioxidant effect, although the 

l ipid-free ghee-residue also showed some antioxidant propel'ty. 

Also, the addition of ghee-residue lipids (extracted with chlo-

roform-methano1 2:1) to ghee gave maximum protection to oxida-

ti on in g hee. 

Non-enzymatic browning occurs in most of the heat 

processed foods. Ghee prepared at higher temperatures 120°c110 

min developed brown colour and also showed greater oxidative 

stability than ghee prepared at lower temperatures 110°cno r:~in. 

During the manufacture of . ghee dicarbonyls and amino acids might 

interact and produce browning compounds (Rama · Murthy. 1968). 

Nath and Rama Murthy (1988) observed that browning compounds 

produced due to interaction of dicarbonyls and amino acids have 

a considerable antioxidant activity in ghee. It is quite 

reasonable to believe that browning compounds in ghee-residuE~ 

formed dLwing browning and caramelization reactions may also 

contribute towards the antioxidant properties of ghee-residue. 

Hence, ghee-residue is a rich source of natura1 

antioxidants and its antioxidant properties are due to the mhture 

of its constituents affected by varfioos technological parameters. 
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2.1.5 NutriUve value of ghee-residue 

The by-product ghee-residue thrown as a waste matter 

is nutritionally a rich source: of fat, proteins and minerals. As 

ghee-resicue is rich in mflk proteins and nitrogenous compounds, 

the product has been assessed for its nutritive value as human 

dietcry supplement. 

Reh1ani (1979) showed by depletion technique studies 

that skim milk power (SMP), SMP:ghee-residue (2:1), SMP:Ghee­

residue (1:2) and ghee-residue diets had protein efficiency ratio 

(PER) of 3.44, 3.07, 2.46 and 0.66 respectively. Further 

supp1ementation of ghee-residue with 0.5% lysine-HCl resulted in 

little improvement in the nutritional response of the animals. 

Grewal (1979) observ.ed that lack of lysine in ghee­

residue was the most dominant fa:tor in depressing the PER of 

g h ee-resi due and even 4% 1 ysine supplement was effective in 

improving its nutritional quality. 

Malhotra (1980) observed that the nutritive value of 

ghee--residue was definitely low as compared to SMP, but supple­

menting ghee-residue with a combination of lysine (8%), methionine 

(2.5%) and tryptophane (L4%} increased its nutritional va1ue even 

s l i g ht l y h i g h er th an th at of S M P . 

Kapoor and Pal (1979) determined the PER cf ghee­

residue and casein as 2.55 and 2.62 respectively and found that 

t he quality of protein in ghee-residue was good and that it can 

serve as a yood source of animal proteins to the vegetarian 

popu1.:iti L)n of our country. Singhal and Mudgal (1983) 

.studied detailed amino J.cid composition of ghee-residue arid 

reported 17 amino acids. Though essential amino acids contents 
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of gheE:-residue ;.1ere lo\oJ, yet it can be served as a feed to the 

animals fr, cor.ibfoation \o.1ith other feeds. Deodh~r (1986) f,~d 

the albino rats with 1/3 proteins from ghee-residue and 2/3 from 

skim milk powder and got PER as 3.07 and 2.46 respectively. 

The lov1 protein nutritional ~value of ghee-residue might be due 

to the damage of some essential amino acids. This shows tliat 

nutritive value of ghee-residue can be made parallel to SMP by 

supplementing ghee-residue with SMP or lysine or a combination 

of various amino acids. 

2.1.6 Utilization of ghee-residue 

2. 1. 6. 1 Recovery of ghee from ghee-resi due 

Viswanathan et al. (1973) suggested two methods for 

the recovery of ghee from ghee-residue. The centrifugal method 

~avE: yield of ghee as 25% (efficiency 46%) whereas pressure 

methods (hand screw press and hydraulic press) ga 11e yield of 

ghee 44.2 and 46.7% (efficiency 61 and 743) respectively. Hand 

screw-press method was recommended as it was simple, efficient, 

practical and economical. 

2.1.6.2 Preparation of sweets, etc. 

Ghee-residue was utilized for µ,·eparing chosidu-burfi 

by· mixing it with skim milk powder (SMP), khoa, chocolate and 

sugar ( '!erma and De, 1978). It can also be utilized for 

preparing coconut-burfi,cc:u1dies, 

with other ingredients. The 

toffees, pinni, etc. after mixing 

nutritious by-product should be 

utilised as a food supplement in variety of fcods, soups, etc. 
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2. 1.6.3 Source of ndtural antioxidants 

Wadhwa et al. (1990b-communicated) reportP.d that 

shelf- life of flavoured butter oil was enhanced by incorpor'"ating 

ghee-residue (15-20% level) at 120°C/3 min and i,1as comparable 

to that of ghee. Further, it was observed that oxidative 

stability imparted by ghee-residue was parallel to that imparted 

by BHA and BHT (Wadhwa et al., 1990a-communicated). Thus, 

ghee-residue can be used as a source of natural antioxidants for 

improving the shelf-:-life of food products including dairy products 

"'here use of synthetic antioxidants is generally not preferred 

hl7C<1.USe of their toxic effects. Apart from this, 9hee-re~irl 1.' E' 

treatment further enhanced the flavour of flavoured butter ci 1 

probably due · to the transfer of some flavour compounds, 

corrcenLraled in lhe ghee-residue. Hence, the prese11L sludy Jll 

the flavour potential of ghee-residue was undertaken. 

2.2 FLAVOUR POTENTIAL CF GHEE 

The unique feature of ghee (heat c1arifiecl butteY'fa+) 

is its pleasant caramelized flavour and granular texture. It ·; s 

proposed to review here briefly the flavour potential of ghee 

't1ith special reference to fatty acids, carbonyls and lactones 

levels. The levels reported in the present review generally 

cover the overan range as reported for different types uf ghee 

samples from the recent review on the 'Chemistry of ghee flavour' 

by \·10.rllnia and Jain (1990c-cornmunicated). 

2. 2. 1 Fatty acids 

Ghee owes its pleasing fl<!vour to several free fat t y 

acids (FFA). These compounds are produced from fatty acid 



glycerid;;s by 

through lactic 

1.989a and L(lw, 

the mechanism involving hydrolysis/lipo.lysis 

streptococci (Kinsella, 1969a; Wadhwa and J.:i·in, 

1981) during fermentation of milk or cream and/or 

processing treatments while preparing ghee. 

Several workers (Gaba and Jain, 1973, 1975a; Bector 

.and Narayanan, 1977; Singh et al., 1979; ~~adhwa et al., 1979a; 

Yadav and Srinivasan, 1984; Chauhan a:1d Wadhwa, 1987; Arora 

and Singh, 1987) used titrimetric method as described in IS:3508 

(ISI 1966) for the estimation of FFA level in ghee and repor+.ed 

the levels as 0.14-0.60% Oleic acid. Chander and Bindal (1~37) 

modified the titrimetric method which involved ~1kali titration 

of ghee (less than 0.2 gm) taken in 12 ml solvent mixture of 

benzene and neutral alcohol (5:7) to phenolphthalein end pcint 

and reported FFA level in ghee as 31-166 uM Oleic acid/g fat. 

Also, Chander (1982) estimated FFA level in ghee by colorimetric 

m et h o d of L ow r y an d Tins l e y ( 19 7 6 ) as 21 - 1 21 u M 0 lei c a ci d I g 

fat. The interference of ye11ow colour of cow ghee during FFA 

estimation was observed to be minimum at fat level of 0.2 gm. 

Singhal and Jain (1973) isolated FFA from ghee as 

their methyl esters by ion-exchange resin technique and analysed 

subsequently over gas liquid chromatograph (GLC). Tl12 short 

chain fatty acids (6:0-12~0) accounted for on1y 5-10% and long 

chain fatty acids (14:0-18:2) accounted for 90-95% of total free 

fatty acids in ghee. 

Sharma and Bindal (1987) developed a simple meth•)d 

for the preparation of methyl esters of FFA of ghee without their 

prior isolation for subsequent analysis by GLC. Ghee (o. ·1 1711) 

and an internal standard (19:0 acid) was incubJted with 
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BF 3-mP.thdno l reagent in presence of methy 1 urea at 1 oo0c for 5 
' 
min foll owed by extraction of the resultant methyl esters with 

petrc 1 eum ether. The methyl esters of FFA were analysed by GLC 

over 103 diethylene glycol succinate (DEGS) coated on diatomite 

C-AW (100-120 mesh) at 68°c for 4:0 acid and then isothermally 

at 1 io0
L. The FF A make up of ghee revealed the presence of 16 

fatty acids from 4:0 to 18:2, 4:0 being absent in fresh ghee and 

present in rancid ghee. The FFA 1eve1 of fresh ghee was 6-12 

mg/g. The lower fatty acids 6:0-12:0 though . present in low 

concentration (0.1-1.0 mg/g) accounting only 5-10% of total free 

fatty acids contribute significantly to ghee flavour. 

2.2.2 Carbonyls 

Carbonyls play important role in flavours and off-

flavours of fat-rich dairy products like ghee. This class cf 

compounds includes broadly monocarbonyls further constitutE: 

alkan-2-ones, alkanals, alk-2-enal;.s and alka-2,4-dienals. Alkan-

2-ones or methyl ketones are reported in several dairy products 

especially heat processed. They are now regarded as integral 

components of good quality butter and ghee. 

Alkan-2-ones are produced by the hydrolysis of ketono­

ggenic glycerides (B-ketoglycerides) followed by decarboxyla­

lation of B-keto carboxylic acids (Kinsella, 1969a; Wadh\-Ja and 

Jain, 1939a) during various processing treatments involved in 

· the preparation of ghee. Also 1ipolysis of trig1ycerides through 

penicillin moulds (Law, 1981) during fermentation process may 

be the source of alkan-2-ones. renicilliurn lipases liberate free 

saturated fatty acids and further oxidise them at B-position to 

form B-keto acids which on decarboxylation yield methyl ketones. 

A1dehydes namely n-alkanals, alk-2-enals and alka-2, 4-dienals 
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are formed by the autox idation 0f 1Jnsat1irati~<I fatty iJrid~; r 1f u 1 I k 

fat . 

Polar carbonyls which include (i) dicarbonyls, viz., 

diacetyl (ii) alpha-!<eto acids, (iii) glyoxals and furfurals are 

produced as vfermentation product'.; of (i) lactose and citrate (ii) 

proteins ( amino acids ) ( H il l i er and Jago, 19 7 8) and (iii ) bro \•in in g 

products of 1 actose caramelization (Keeney et al., 

respectively and seem to play ,·ln important ro1e in t:~e -= '~ · ·: ,:"" 

of ghee. 

Total carbonyls in ghee were determined by tl;e r ias k 

method of Rama Murthy and Jain (1973). Total carbony1s . ·1·~re 

converted to their dinitriphenyl hydrozones DNPs by keepir.g ~i~F 

fat in :11ntact with celite-dinitrophenyl hydrazine-phosphoric .rid 

sluffy foddered by spectrophotometric estimation at. 340 nm ~rni: 

using molar extinction coefficient<=. = 22,500. Total :arbo:·!y'. ·j. ·; 

ghee were found to be in the range of 3.3-9.7 u~;;g fat tGaba 

an d l1 a i n , 1 9 7 4 a , 1 9 7 5 a , 1 9 7 6 b ; Si n g h an d R a m , 1 9 7 8 ; S h a r 111 ::i , '. 0 8 1 ; 

Yadav and Srinivasan, 1984; Arora and Singh, 1987). Ile ad s µace 

carbonyls of ghee were trapped as DNPs by allowing the strear'!' 

of nitrogen gas along 1·1ith volatiles to bubble throush 2cid :fied 

2:4 dinitrophenyl hydrazine s;>l u ti on fo1101t1ed h .Y ': he~,. 

sp~~ctrop hotometric estimation. Head space carbon .Y 1 ·; i r1 :Jh::i:; .':'::r e 

estimated to be 0.031 u'1/g (Gaba and Jain, 197Ga). \1 1.:ilaLile 

carbonyls were collected as DNPs by steam distil !ing the glwc: 

fo llo\v ed by their spectrophotometric estimation. Vo1atile 

·~arbonyls in ghee 1vere O.J2 uM/g (Gaba and Jain, 1974b) . 

. Total head space and volatile carbonyls 1\·ere separated 

into monocJrbonyl-DNPs and dicarbonyl-DNPs follo\'led by fractiona-
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tion/estimation of monocarbony 1 -DNPs into classes and i;hen irito 

individual components by the chromatographic procedures of TLC 

and GLC over 25% Carbov1ax 20M coated on diatoport ~l (60-80 

me~h) at a column temperature of 125°c. T ot a 1 v o l at i 1 e · 

monocarbonyls of ghee (cow/buffalo) consisted of 90% alkan-2-ones 

and remaining 10% as al k an a 1 s ( 6%) , al k -2-en a 1 s ( 2%) and a 1 k a-

The corresponding values for head space 

monocarbonyls of cow ghee were 85, 11, 2, 23 and that of buffalo 

ghee were 79, 19, 1, 1%. 

The clarification of butter into ghee showed a sharp 

increase in the level of alkan-2-ones from 56 to 87% (Gaba and 

Jain, 1977). The level of alkan-2-ones in ghee (87%) •11as much 

higher than that of butter oil (62%) (Gaba and Jain, 1976b). 

It appears that among the monocarbonyls, alkan-2-ones play an 

important role in the flavour of fresh ghee. 

Out of 49 carbonyls detected, 39 were monocarbonyls 

ar.d 10 were polar carbonyls. So far 34 monocarbonyls have been 

ici cntified fr1 ghee. These v1ere alkan-2-ones 

alkanals from c
2
-c

9
(8), alk-2-enals from 

2,4-dienals from c5-c 7, 

1974a, 1974b,1975a,1976a). 

from c3-c 10 , 

c
4
-c

12
(9) and 

c r ~:n 

alk a-

Rao and Rama Murthy (1984) trdpped polar carbonyls 

as their 2,4-0NP's from the aqueous washings of ghee followed 

by their spectrophotometric estimation at 340 nm and using 

extinction co-efficient E1
13 

= 156.4. Six components were detecteJ cm 

over TLC in ghee prepared at 100°C and three of them ~<Jere 

identified as diacetyl, methyl glyoxal and alpha-ketoglutaric acid. 

Ten components were detected in ghee prepared at 120°c. A in ong 

them, in addition to the above ones, furfural and hydroxy methyl 
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f u rfu r d 1 \'J ere al s o i d en t if i e d . Gaba and Jain (1975b) also 

~dentified diacetyl and methyl glyoxal among the six components 

of dicarbonyl profile of ghee. Gl-1ee prepared at clarification 

t:emperature of 100°c and 120°c for 10 min contained (per 100 

gm) about 1.9 mg and 31.5 mg of polar carbonyls respecti ·1f'.!ly 

rn DC ghee prepared from fresh cream, 6 .1 mg and 75 .8 mg in 

DC ghee prepared from ripened cream and 1.4 mg and 3.2 mg 

in CB ghee. 

Thus, the qualitative and quantitative nature of polar 

c 3.rbonyls is significantly influenced by factors such as method 

of preparation, temperature of clarification and acidity of cream 

oi· butter. As these factors influence the flavour and kE:epirP) 

quality of ghee, these polar carbonyls seem to play an important 

role in the flavour and keeping quality of ghee. 

2.2.3 Lactones 

L actones contribute ~ ignifi cantly to the fl av our of fat­

b ased dairy products especially the heat processed ones like 

. ghee. These compounds are produced by the hydrolysis of 

lactonogenic glycerides followed by dehydrdtion (lactonization) 

of hydroxy acids · (Kinsella, 1969a; Wadh1-Ja and Jain, 1989a ). 

Addition of microbial lipase accelerates the lactone production 

and thus · flnvour is enhanced (Jolly and Kosikoviski, 1975). The 

lipolysis of delta-·hydroxy acid glycerides yields free 

delta-hydroxy acids which ungergo rir.g closure to form lactones. 

A1ternative1y, de1ta-keto acid glycerides undergo 1ipolysis to 

yield delta-keto acids . which undergo reduction to form hydroxy 

acids and then converted to lactones (Bo1dingh and Taylor, 1962; 

L a \'I , 1981 ) . Ferretti et al. ( 1970) identified lactones among the 
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products of MaiTlilrd Lype react.ion in non-enLyrnaLic !Jr-nwriin<J in 

a 1 actose-ca sein mode 1 system. 

Among the dairy products, ghee 0•11es its unique 

flavour to 11ariety of lactones. Wadhwa et al. (1979b, 1980a, 1980b) 

used as such the method of E11is and Hong (1975) for the 

isol<ltion of lactones from ghee. They expressed the relative 

proportion of various lactones as affected by the method or 

preparation, tern perature of clarification and storage period, etc. 

Wadr.wa and Jain (ig84a, 1989b) developed celite-digitonin.:.alumina 

column chromatographic method for the quantitative isolation of 

·1actones from ghee. The acetonitrile eluant from the column was 

concet1trated and purified over silica gel-G TLC plates. 

The lactonic isolates of ghee showed a complex G L~~ 

profile (44 peaks) and included homo1ogous series :JI' n -saturated 

delta- and gamma-lactones (24 peaks) from c
6
-c 16 and c

18
. The 

remaining 20 peaks v1 ere partly characterised as mostly 

unsaturated lactont~s. Delta-lactones were the major components 

in ghee, the chief components being delta-c 10 , c12 , C.11 , C16 

and c
18 

at 1.20, 3.07, 2.25, 1.09 and 8.14 ppm levels 

respectively. Gamma-lactones were the minor components, tile 

ratio of delta- to gamma-lactones being 10:1. The gross lactorie 

level of ghee was 30 ppm. Total delta (17.90 ppm), total gamma 

( 1 . 7 6 p.p m ) , 

( 10. 60 ppm) 

satlffated delta + gamma (19.66 ppm} and unidentified 

lactones constituted 59, 6 and 35% of the gross 

lar.tone level in ghe:~ respectively (Wadhwa and .Jain, 198Ll J , 

1989b). 

The luctone profile of ghee was Jffecred rJ ' f>' r 

strongly, but only quantitatively by various 

rarameters, viz., method of ghee preparation, temperature c:C 
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clarification and storage. The changes in the flavour quality 

of ghee due to various tec.hno1ogical parameters are closely related 

· with correspor.ding changes in the lactone level of ghee (~ladhwa 

an.:i .Jain, 1984c; 1985a, 1986, 1989c). The contribution of 
,/ 

synthetic lactones to the flavour ar ghee was enhanced when they 

\'1ere used in corn bination with synthetic fatty acids and carbonyls 

(~Jadh1-1a and Jain 1985b, 1989d). 

Revie\'1 of literature under Sections 2.1 and 2.2 has 

revealed that FFA, carbonYls and lactones are important compo-

nents of ghee flavour and so far no work has been done on the 

flavour potential of ghee-residue. Hence, the present study en 

the evaluation of flavour potenlial of ghee-:--esidue with special 

reference to FF A, carbonyls and lactones level was undertaken. 

2.3 ESTIMATION METHODS OF LACTONES 

It is proposed to revie\v here briefly the ~stimation 

methods of lactones from the recent revie\'i on 'Isolation, charac-

terisation and estimation methods of lactones' by Wadhwa and 

Jain (1989b). The var~ous techniques reported for the estimation 

of l actones are: 

2.3.1 Isotope dilution 

Jurriens and Oele ( 1965) and Beers and Zijdan (1966) 

quantified the absolute amounts of lactones in butterfat by isotope 

dilution met hod accord in_;i t 0 } i'. he equation: 

x = P(s
1
;s

2
-1) 

X = amount of l actone in butterfat in ppm 

P = amount of labelled lactone added in ppm 

s
1 

::: Specific activity of the labelled lactone added 
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S2 = Specific activity \Jf the lactone isolated 

The specific activities \'1ere determined on the radi c· 

gas chromatograph by dividing the rnea;ured radioactivity by th ·~ 

are as of th e m as s p ea k s . 

I 

2.3.2 Gas liq11id chromatography(Gl.C) 

Smits (1965) developed GLC procedure for 

simultaneous quantitative analysis of lactone-oxo acid mixtures. 

Oxo acids v1ere convarted into their methyl esters by diazo!llethane 

treat1nent. L actone-m ethyl esL.cr mixtures were chroma to graphed 

on 10% Apiezon coated on ce lite (150-178 u) column at 175°C. 

Oxo acids and lactones ~n the sample were quantified by the 

internal standard method. Siek and Lind say ( 1970) analysed the 

neutra 1 vo 1 atile fraction of fresh sweet-cream butter sem i-quanti-

tativelyby capillary GLC. Stark et al. (1970a, 1970b, 1973) used 

calibration curves established with synthetic mixtu1·es for the 

estimation of lactones of butterfat by GLC. 

Wong et al. (1973, 1975) and Ellis and Wong (1975) 

estimated lactones in cheddar cheese, butter and butter oil by 

GLC using 7.5% ethylene glycol adipate and 2% phosphoric acid 

on 80-90 mesh Anakram ABS at column temperature of 130-rno0 c. 

Area counts of the lactones were plotted against ug of the lactones 

n n d st r a i g h t 1 i n e rel at i on s h i p \I/ as o b ta i n e d . 

Stark et al. (1976) used a formula: 

C = ·10 mQ 
s 

x 100 

r 

for calculating the concentr.Jtion of 1actones in butter oil. v1here 

C = Concentration of lactones in ppm, 

m = Weight of lactone in mg in 2 ml of 

stand arci sol:1t.ion _ 



I 

-
u = height r>f lactone GC peak from 

butter oil distillate 

s :: height of lactone GC peak from 

standard solution 

r -- % recovery of lactone from butter oil 

Wadhwa and Jain (1984b) quantified the - individual 

lactones in ghee by GLC over 10% diethylene glyco1 succinate OEGS 

coated on 100-120 mesh Diatomite-C(AW) at column temperature 

of i 6 0- 1 9 5 ° C . Gamma-C 7 lactone was used as the internal 

standartd for thl= estimatfo11 of lactones in ghee. 

2.3.3 Spectrophotometry 

L instead and Weedon in 'Qualitative Organic C f1emical 

Anal_ysis 1 (1956) have described a hydroxamic acid test as a 

qualitative test for the detection of esters (carboxylic ester 01~ 

lactone). Boldingt. and Taylor (1962) and Urbach (1165) 

char acterised the lactones as their ferrichydroxamate derivaties 

by paper and thin layer chromatography. 

NH OH-HCl _.......--NHOH 
= 0---2-------1 R-CH(OH)(CH 2 ) 3-C~ 0 KOH ~ 

N-OH 
/./ 

R - C H ( 0 H ) - ( C Hz ) 3 - C~ 

OH 
Del ta- J actone !Ydroxamic acid 

~H . . FeC! 3 J yaro xam1c _____ ____ ~ 
ac ~ d 

Fertic hydroxamate lOf delta-lact.one 
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Smits (1965) discuss~d the possibility of ~pe ct.ro-

photometric estimation of lactories as their ferric hydroxarnate 

d~rivatives as reported by Francke (1963). Francke (1963) ir1 

his paper on the 1 Enzymatic reduction of delta-keto acids to the 

corresponding optically active hydroxy acids' has just mentioned 

ahout the estimation of optically active delta-hydrox..1 acids as 

their ferric hydroxamic acid complex at 515 nm. Neither details 

of the method nor any cross reference fo,. it is given in the 

1iterature. 

Review of literature llas revealed that generally GL C 

has been used for the es ti m ati on of 1 actones. It was, therefore. 

of interest to standa1~dis~ the spectrophotometric method for the 

estimation of lactones. The method would be more convenient 

and apor·opriate to use when one is interested in the total 1actone 

level isolated from a sample rather than individual lactone levels. 

-0-0-0-



CHAPTER - III 

MATERIALS AND METHODS 

• 



3. MATERIALS ANU METHODS 

3.1 GHEE-RESIDUE/GHEE SAMPLES 

Ghee-residue samples (four) and their respective ghEe 

samples were collected dire~tly from the Experimental Dairy of 

the National Dairy Research Institute (Karnal), prepared in 

pr;ictice as follows: 

Crea-m was churned into butter and heated in steam 

j a c k e tte d do u bl e 

of 120°c flash . 

walled stainless steel vessel at a temperature 

Ghee was kept ·undisturbed . for · about half an 

hour in . the same 

off carefully and 

passed through 55 

vessel. Ghee (upper fat layer) \vas decanted 

passed through bag filters. It was further 

disc clarifier (Alfa-Lo.val, Max.speed == 1500 

rpm). Finally, ghee-residue left in stainlees steel vessel and 

bag filters was pooled and kept over four-folds of muslin cloth 

over a bucket overnight at room temperature (RT) for' an effective 

recovery of ghee. Next day, ghee-.residue samples and their 

respective ghee samples (from the main lot) were collected. 

3.2 SOL VENTS 

3.2.1 Carbonyl free n-hexane 

Hexane (LR,BDH) was made carbcnyl free (CF ) 

essentially by the procedure of Schwartz and Parks (1961) modi-



r·ied as follov1s: 

'I 1· 
( ,) 

Hexane was refluxed with 2,4 dinitrophenyl hydrc.izine 

(~)9/lit} and trichloroacetic acid (1 ml/lit) for 3 hr and thf:n 

d is ti 11 e d at 68 ° c . 

3.2.2 Carbonyl free benzene 

Benzene (LR,BDH) was made CF by the same procedure 

as described above. 

3.2.3 Neutral alcohol 

Alcohol (95%) was kept over sodium hydroxide 

(AnalaR,BDH) overnight and distilled at 76°C. It was made 

further neutral (if necessary} ~t a time of use by titrating against 

N/10 sodium hydroxide to phenolphthalein end-point. 

3.2.4 Distilled acetonitrile 

Acetonitrile (LR,S.Merck} was kept over phosphorus 

pentoxide (E.Merck) overnight and distilled at 82°C. 

3.2.5 

3.2.6 

3.2.7 

3.2.8 

3.2.9 

3.?. 10 

3.2.11 

Petroleum ether (40°-6o°C}(LR,BDH) 

Diethyl ether (LR,BDH) 

Methanol (AnalaR,BOH) 

Benzene(LR,HPC) 

Ethyl acetate( Anal aR, B OH) 

Chloroform (AnalaR.BDH) 

Dichloromethane (LR,S.Merck) 

3.3 REAGENTS AND AOSORUENTS 

3. 3. 1 

3.3.2 

Cupric acetate (LR,BDH) 

Pyridine (AR,Polypharma) 



3.3.3 

3.J.4 

3.3.5 

3.3.6 

3.3.7 

3.3.8 

3.3.9 

3.3.10 

3.3. 11 

J • .3.12 

2' 4-dinitrop henyl hydrazine (LR, BDH) 

Hydroxylamine hydrochloride(AnalaR, BDH) 

Potassium hydroxide (AnalaR,BDH) 

Ferric chloride (LR, $.Merck) 

Hydrochloric acid (LR,BDH) 

Orthophosphoric acid (AnalaR,BDH) 

Iodine (S.Merck) 

Trichloroacetic acid (E.Merck) 

Silica gel G (Centron) 

C e 1 i te -5 4 5 ( L o b a - C h e rn i e ) 

3.4 STANDARDS 

3. 4. 1 L actones 

Saturated delta 

( C.A.Aromatics Co., USA). 
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Saturated delta - c13 , c14 , c15 , C.16 , c18 and . gamma 

- c
15

, c
16

, c
18 

lactones (gift samples from Dr(Mrs) G.Urbech, 

Division of Dairy Research, CSIRO, Melbourne, Australia). 

3.4.2 

3.4.3 

J.4.4 

3.4.5 

3.4.6 

Oleic acid (E.Merck) 

Cholesterol ( E. Merck) 

Tripalrnitin (Sigma Chemical Co.) 

1,3 Dipalmitin (Sigma Chemical Co.) 

1,2 Dipalmitin (SigmJ Chemical Co.) 

Monopalmitin (Sigma Chemical Co.) 



3.5 INSTHUMENTS 

3.5.1 

3.5.2 

3.5.3 

3.5.4 

3.5.5 

3.5.6 

3.5.7 

.3.5.8 

3.5.9 

pH LI-10 (Elico) 

Electronic balance (Anamed) 

Clinical centrifuge (Remi T-B.) 

Rotary flash ev~porator (Tempo Industrial 

Corporation) 

Balanced-cell colorimeter 102(Systronics) 

Spectronic-20 

Spectrophotometer (JASCO) 

Thin layer chromatograph TLC applicator(Desaga) 

Gas Liquid Chromatograph GLC (Aimil Nuccn 

Series 5700) 

3.6 EXTRACTION OF GHEE-RESIUUE LIPIDS 

27 

Lipids were extracted from ghee-residue so1111µles by 

the following two methods: 

3.6.1 Mojonnier Method 

Lipids were extracted essentially according to the 

conventional procedure of Mojonnier (ISI, 1961) with a fe1v 

modificiitions. Accurately weighed ghee-residue sample (about 

1.0g) was taken in 100 m1 conical flask. Added to it 10 ml of 

neutral alcohol and warmed the contents over a waterbath. Cooled 

to RT and added 25 ml of diethyl ether and 25 ml of pet. ether 
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. and slightly warmed the contents to about 30-40°c for fe111 rn inutes 

with occasional shakings. The solvent .layer was filtered l/thile 

hot through ordinary filter paper taking care that most of the 

ghee-residue remained in the conical flask. The fi1terate was 

col1ected in a pre-\'1eighed standard joint long-neck round bottom 

flask . Repeated the extraction 3-4 times ~lith 15, 15 ml of 

diethyl ether and pet . ether in the similar manner till complete 

extraction of fat was ensured. Appearance of clear solvent layer 

and separated fine particles of ghee-residue indicated complete 

extraction of fat. The pooled filterate (solvent) was evaporated 

under rotary flash evaporator. Weighed the extracted lipids till 

constant weight. Dissolved the lipids in dichloromethane and 

rnade up the volume to 15 ml for further analysis. Lip i r! s 

e xt r acted from ghee-residue samples were labelled as GR 1, GR 2 , 

A sample blank GR
0 

was also prepared und er 

similar conditions. 

3.6.2 Single solvent (Methanol) Method 

Accurately weighed ghee-residue sample (about 1.0q) 

was t aken in a 100 ml conical flask. Extracted the lipids with 

50, 30, 30, 20, 20, 20, 15, 15 ml of methanol while warming 

the contents every time to 65-?0°c for few minutes with occasional 

shakings. The disappearance of fogginess in the so1vent duri n·; 

extraction and appearance of separated fine particles of 

qhee-residue indicated complete extraction of fat. In every 

, t layei· filtered while hot through oridinary e xtr action, the so.ven 

f i lter 
that most of the ghee-residue remained paper taking care 

in the conical flask. The filterate was collected in a µre-\'leighecl 

standar d joint long-neck round bottom flask· The pooled filte r a t .:~ 

(sol vent ) 
evaporated under rotary fiash evaporator. Weighed 



the extracted lipids til i con~t .u1t · ht 
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in dichloromethane and made the volume to 15 ml for further 

analysis. Lipids extract~d from ghee-residue samples 't1ere 

A sample blank GR0 was 

also prepared under the similar conditions. 

3.7 GHEE SAMPLE SOLUTIONS 

Accurately weighed ghee samples (about 5.0g) \'IC::re 

dissolved in benzene and volume made to 25 ml and lab~11ed as 

G1, G2, G3 and G4. A sample blank G
0 

i,.ras also prepared. 

3.8 ANALYSIS 

Ghee-residue lipid sample solutions GR 1, GR 2 , GR
3

, 

GP 4; GR1, GRZ, GR3, G:~4 and respective ghee sample solutions 

G1, G
2

, G
3

, G
4 

along1'iith their corresponding sample blanks GR 0 ; 

GR0; s
0 

prepared above ~'/ere analysed for FFA and total carbonyl 

"/ e v e 1 s a s d e s c r i b e d b el o 1-.i : 

3.8.1 Estimation of FFA 

fFA were estimated essentially according to the 

procedure of Lowry and Tinsley (1976) as follows: 

3.8.1.1 Preparation of standard curve 

Cupric acetate pyridine( CAP) reagent: CAP reagent was an 

aq.solution of cupric acetate (5% w/v) \.,iith pH adjusted to 6.0-

6.2 with pyridine. 
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Oleic acid: Its stock sofotion v1as prepared by dissolving 6.34 

ml of Oleic acid in benzc::ne to make up the volume to 100 rn1 

so as to provide 200 mM oleic acid 100 1 per m • Its working 

solut-ion •,n1s prepared l>y further diluting 1 ml of stock solution 

lo 100 ml with benzene so as to provide 20 uM oleic acid per 

ml. 

Pipetted out 0, 0.5, 1.0, 1.5, 2.0, 2.5, 3.0, 3.5 

and 4.0 ml of 'r'lorking solution of Oleic acid (equivalent to O, 

10, 20, 30, 40, 50, 60, 70 and 80 uM) in separate long glass 

stoppered tubes. Total volume 't1as made to 10 ml with benzene 

in each tube. Added 2 ml CAP reagent to each tube and shobk 

the contents vigorously for 2 min. Centrifuged the biphasic 

system for 5 min at 1450 rpm. Klett reading of upper benze11e 

layer containing blue colour complex 'r'1as taken cautiously i 11 

Balanced-Cell Colorimeter-102 using red filter and standard cur ·le 

~vas plotted (Fig.1). 

3.8.1.2 Samples analysis 

Took 1 ml of each ghee-residue lipid solutions and 

their corresponding sample b 1 an ks in separate long glass stoppered 

Lu bes and evaporated the solvent carefully. To each t u be~ added 

10 ml benzene along the sides of the tube to dissolve the fat. 

Jeveloped the blue colour complex in each tu be by ad ding 2 ml 

CAP reagent as mentioned above. Noted the Klett reading of 

samples d . sample blanks and estimated against their correspon mg 

FF A from the standard curve (Fig· 1) · 

F F A in g h e e s am p 1 es w ere est i m ate d by ta k in g 1 '.TI l 

of ghee solutions in benzene, making final volume to _10 mi ~,, it h 
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benzene and fol "lowing the rest of the procedure mentioned 
above. 

FFA level (uM/g ghee-residue) = 15 x c 
-~-,-

FFA level(uM/g ghee-residue lipid) = 15 x c 100 
W x ~F~ 

FFJl. level (uM/g ghee) = c 25 xw 
Where, 

C = uM of Oleic acid corresponding to 

observed KR (Fig.1) 

W = Weight of ghee-residue sample taken 

for extraction 

W' = Weight of ghee sample taken 

F = Fat (%} of ghee-residue sample 

3.8.2 Estimatior: of total carbon.yls 

Total carbonyls 't1ere estimated by the method of Rama 

Murthy ar.d Jain (1973) kno\'rn as flask method described below: 

3 .8. 2. 1 Preparation of celite-dinitrop henylhydrazine 
phosphoric acid mixture(reaction mixture) 

The reaction mixture was prepared and washed 

according to tlie procedure of Schwartz and Parks (1961) as 

follows: 

2,4-dinitrophenylhydrazine (0.5g) was dissolved in 

6 ml of 35% (v/v) orthophosphoric acid (6 ml = 5.0 ml of 88% 

acid+ 0.2 rn1 distilled water) by grinding in a pestle mortar. 

,L'.cJded 4 ml glass distilled water and the precipitates formed 

were redissolved by further grinding. Celite-545(109) \vas added 
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the solution and mixed the contents thoroughly by grinding 

until a homogeneously damp preparation was obtained. The 

mdterial thus obtained wa(; packed into the column (2 x 26 cm) 

containfog a plug of glass wool at the bottom and CF .hexane (25 

mi)· The column was packed by gentle pressure and it v1as then 

flushed immediately \'lith CF benzene (50 ml) followed by washing 

with CF hexane till the effluent appeared colourless. The 

reaction mixture thus packed in the column was taken out and 

kept in the desiccator for further use. 

3.8.2.2 Samples analysis 

Took 0.5 ml of each ghee-residue lipid soluti:ms, 

ghee so1utions and their corresponding sample blanks in 25 :.il 

• glass stoppered conical flasks and evaporated the solvent 

c.Jrefttlly. A d d e d 0 . 5 m 1 of C F hex an e and O . 5 g of th e re art ion 

mix tu re. Shook the contents and allowed to star.d under periodic 

shakings for 24 hr at RT. Added 9.5 ml of CF hexane to make ' 

up the total volume of the so1ution to 10 ml. The optic~l dcns:t,y 

(00) of the i·esulting yellOh' solution of 2,4-dinitrophenylnydr~­

zones was determined at 340 nm against their· correspondino samr le 

blanks. The readings so obtained were converted into uM/g using 

f: = 22. 500 by tile general formulae: 

Total Cn.rbonyl level 
( uM/g ghee··resiidue) 

Tota·! carbonyl 
·1eve1(uM/q 
ghee-1·esi:lt1e lipid) 

D 10
6 

= x--x10x 
22 500 ·1000 

Total carbonyl 
level(uM/g)ghee) 

.: 

x 10 x 15 
().5 x 

15 
0.5 

1 x -w 

x 

100 x­
F 

1 
~: . 

'l 
w 



W he1·e, 

D = Observed optic~l oensity 

w = Weight of ghee-residue sample taken 

for extraction 

W 
1 = ~/eight of ghee sample taken 

F = Fat(%) of ghee-residue sample 

3.8.3 Standardisation of spectrophotometric 
method for the estimation of lactones 

A method was standardized for the es ti mat ion of 

iactones as their ferric hydroxamates as follows: 

3.8.3.1 Determination of absorption maxima()..max) 

Took 1 ml of delta-c 12 lactone solution ( 100 mg/ !OU 

ml ir: chloroform) in a glass test tube and evaporated the solvent 

caref1 ;1Jy on a water bath. Added 0.1 ml methanolic hydroxylamine 

hydrochloride (5.5% w/v) and 0.1 ml methanolic . potassium 

hydroxide (103 w/v) to lactone and heated the contents on the 

t"loiling water bath for 1-2 min cooled to RT. Added 9 ml glass 

distilled \11ater along the sides of the tube so as to dissolve all 

the precipitated material. Acidified the solution by adding O. 1 

ml of 21~ hydrochloric acid. Added 0. 3 ml aqueous ferric 

c h l o r i J e ( 5 % vi/ v ) . Red-violet colour complex of fe1Tic 

hydroxamatc was obtained. Determined \n ax by observing optic al 

density (OD) 

(400-55() nm) 

nm (Fig.2). 

against the rragent 

on Spectronic-20. 

blank at varfous \oJ.:lVe lengths 

T Ile \max was found to be 515 



3.8.3.2 Preparation of standard curve 

Took 0, 0.2. 0.4, 0.6, 0.8 and 1.0 - ml delta-c.12 
lactone solution (100 mg/100 ml in chloroform) eq1Jivalent to 0, 

200, 400, 600, 800 and 1000 ug of lactor1e . rn separate test tubes. 

Evaporated the solvent carefully on water bat ;1 • Developed ~he 

red-violet colour b th Y e procedure mentioned above and noted 

OD of different concentrations at 515 nm on spectrcnic-20. 

Addition of aq.ferric chloride was done simultaneously in various 

reaction tubes and recorded OD immediately after the colour 

development. A standard curve was obtained by plotting -

concentration (ug) aga:in·st OD (Fig.3). 

3.8.4 Isolation of lactones from 
ghee-residue lipids by TLC 

Since spectrophotometric estimation of lactones as their 

ferric hydroxamate derivatives is not possible in presence of 

fat, lactones were isolated from ghee-residue lipids sample 

solutions GR1, GRz, GR), GR4 by TLC procedure of Wadhwa and 

Jain ( 1984a). 
' 

0.2 ml of ghee-residue lipid solution (obtained by 

methanol extraction . method) was spo-tted quantitatively over about 

two 20 cm x 20 cm silica gel G plates (0.25 mm thickness, silica 

gel G:water::1:2) activated at 110°c for 1 hr. The plates \<Jere 

developed in the solvent system benzene:ethyl acetate (9:1) 

saturated with acidified 1-Jater ( 10 ml water + 1 drop of HCl). 

After development, the plates were completely air dr;ed and then 

sprayed with methano1ic iodine (2% w/v) · The lactonic re9ion 

(Fig.4) parallel to standard lactone was scratched from all the 

TLC · r1ates. The pooled scratched material was extracted with 
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2S, 15' HJ, H) 1n 1 or: d ~ c I 1 th f 1 1 urome ane, iltered through ~Jhatman 

filter paper No.40 to remove silica gel particles followed by 

evapo1atfon of solvent under rotary flash evaporator· to get the 

lactonic isolate of ghee-residue. Similarly, the corresponding 

sample blank GR0 (0.2 ml) was developed quantitatively over 

about two TLC plates and exactly the same area of silica gel 

p(lrallel to standard lactone was scratched and extracted •tJith 

dichloromethane follo 111ed by evaporation of the solvent as done 

for ghee-residue lipid sample solutions. 

3.8.5 Estimation of lactones in ghee-residue 
samples by spectrophotometric method 

Lactonic isolates obtained from 0.2 m1 ghee-resi r!•Je 

J·ipid sample solutions GR1, GR2, GR]. GR4 and ccrrespond i n~1 

sample blank GR0 . were taken in test tubes. Red-violet colour 

of ferric hydroxamate complex \'las developed simultaneously in 

a11 the tubes by the standardised procedure mentioned in Section 

3.8.3. The OD of various samples was taken at 515 nm aga: nst 

d . l blank processed under exactlv sim : iJr-the correspon mg samp e J 

conditions. L actones 'tJ ere estimated from the stand arrl cu1·v ,. 

(Fiq.3) using the general formulae: 

Lactones level(ug/g ghee-residue) = 
c x 5 x 15 

\4 

Lactones level(ug/g 
ghee-residue lipid) 

= c x 5 x ·15 100 
l~ x -F-

\.J here, 

c = ug of lactones corresponding to observed 

OD from the graph (Fig.3) 

1~ =Height of ghee-residue sample taken for 

ex traction, 



F-= Fat(%) of ghE:e-residue sample 

3.8.6 Estimation of lactones in ghee-residue 
samples by GLC method 

3 .B. 6. 1 Standardisation by G l C for fractionation 
of standard lactones mixture 

Most mixture of delta-C 8-c 16 , c
18 

and gamma- r:
6
-c 12 , 

C1s, C16 , c18 lactones in acetonitrile solvent was prepared and 

fractionated (Fig.5) under the conditions as follows: 

Type of detector Flame ionization detector( FID) 

Column stationary phase 15% DEGS(diethylene glycol succinate} 

coated on 100-120 mesh 

Chromosorb W(AW-DMCS) 

Column dimensions 6 1 x ! 11
, Glass column 

Column temperature Initial temperature 160°C for 21 min. 

Rate 20°ctmin. 

Final temp:-erature 195°C for 179 min. 

Injector tern pel·ature 210°c 

0 etector temperature 220°C 

Chart spet:d 0.5 cm/min. 

Attenuation 

Sers iti v ity · 1000 

VoH: full scale O .01 m V 

Flo v1 rate of gasses: Carrier Nitrogen .; 30 ml/min 

Nitrogen = 33 ml/min. 

Air = 330 ml/min. 
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3.8.6.2 Samples analysis 

Lactonic isolates obtaioned from 1.0 ml ghE.'e -,..e'.; i:!u e 

1 i pi d sample solutions GR' 1' 

mentioned under Sect1·on " 8 4 ->. • were 

GR 1 

4 

subjected 

by the 

to GLC 

p roced u r~. 

ana iysis 

under the standardised conditions mentioned above . 

Gamma-C 7 lactone \'las chosen as the inti:rna1 standar d 

( IS) t o be added to the lactonic isolates of different ghee-res i due 

lipid samples. 5 ul (equivalent to 50 ug) of this IS (1% solu t ion 

in acetonitrile) was added to the lactonic isolate from 1 ml gh :? c ~ 

residue lipid sample solution. The volume was made to 0 .1 rnl 

( 100 ul) with acetonitrile . 10 ul of this solution was injected 

into the column under t he standardized conditions of fractiona t ion 

ofl actones descr ibed earlier. The characterisation of lactones 

in ghee-residue \'1as made through retention times (Fig.6}. 

Indi vidual lactones 1t1ere quantities according to thE general 

formulae: 

L actone level p2 
5 

100 15 
:;: 

P.j x x 16 x w (ug/g ghee-residue) 

L actone 1eve1 p2 100 15 100 
(ug/g ghee-residue = P1 

x 5 x 10 x-w x -F-

lipid) 

~.'here, 

p ,, = Peak area of I. s. 

p2 = Peak area of lactone in sample 

w = Weight of ghee-residue sample 

t-3.ken for ex traction 

F = Fat (%) of ghee-residue 

Peak areas were calculated by the t riangulation 

method. 
-o-o-a-

-



CHAPTER - IV 

RESULTS AND DISCUSSION 



1 • l<ESIJL TS J1.NO DISCUSSION 

it.1 EXTRACTION OF GHEE-RESIDUE LIPIDS 

Ghee-residue lip-ids were extracted by: 

4.1. ·1 Mojonnier Method 

The original method of Mojormier (ISI, 1961) for fat 

extraction wa<:. su .. '"'Jiected to a few d f" · ~ :J mo 1. 1cat1ons for extracting 

ghee-residue lipids: 

i) The use of liquid ammonia was eliminated to avoid 

neutralisation of FFA present. More so, in the absence of fat 

globule membrane, 1Jse of ammonia was not necessary for extracting 

g1ee-resirlue lipid~. 

ii) Ordinary alcohol (95%) was replaced by neutral 

alcohol as the former develops acidity (acetic acid) on standing. 

iii) The extrdction cf lipids was done under slightl: .. 

warm conditiions (30-40°C) \~hich eliminated vigorous shakings 

and · ed only ocassional shakings so as to facilitate lipid . req uir 

extractin:i. 

iv) The extractions were done in ar. ordinary conical 

flask rJth ·::r than tl1e conventiona·i Mojonnier tube. 

4.1.2 Single solvent (Methanol) ~ethod 

ex tr acting 

Single solvent extraction 

ghee-rrsidue lipids with 

method was standardised for 

a vie\'1 to rerlace mixture 
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39 
of solvents as used in Mojonnier method described above. 
P re1 im inar y trials were done with polar solvents 1 i ke 

die h l orometh ane, acetone, acetonitrile of polarity ind ices ( p I)* 

3. 4' 5. 1' 5.9 respectively for extracting ghee-residue lipids. 

As methanol -is the most polar organic solvent of PI 6.6, its use 

was preferred over all solvents. More so, it is cornrn ::>r1l y 

available and can be easily evaporated (B.P. "' 65°c). Further, 

Methanol being more polar than diethyl ether of PI 2.8 could 

be expected to extract flavour compounds more effectively 

alongwith ghee-residue lipids. 

Lipids \·1ere extracted from accurately v1eig hed ghc :c -

residue (about 1.0g) using 200 ml methanol solvent in suitable 

instalments. Ghee-residue 1ipid extractions were stcr::: ardis =d 

· with 50,30, 30, 20, 20, 20, 15, 15 ml of methanol under warm 

conditions v1ere very much necessary because as such the 

so1utibility of fat in Methanol is less at RT. The complete 

disappearance of fogginess in the sol vent during extraction and 

appearance of separated fine particles of ghee-residue irdicate d 

cornp1ete extraction of lipids. Ghee-residue left ov et· v ""' io ·.:s 

ex t ractions when tested fo1- fl avour com pounds qave 1e ~.:L i ·~: 

11.1.3 Comparison between the two methods 

Tab le depicts the lipid (%) in qhee-resid ue 

t b.y Mo.i.onnier method and Single solvent U-k t ha.··., 1 ! t7X .r act:ed . 

met ho d . ('¥) · ghee-r''"Sidue ex tra cted by Mojon 11 i er r.iet n .. :_: L i p i d , o 111 "' 

*Data collected from iH andhook Chemistry and Pl1ysics 1 

6ht edition CRC 1980- 81 
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was 5 '.1. ~; 1 ( 48. 25-5 7. 14) . Lipid(%) in ghee-residue P.xtracted 

by Single solvent (Methanol) method was 58.39 (56.55-62.66). 

Santha and Narayanan (1978a) reported 36.2% fat in creamery 

butter ghee-residue extracted by conventional Mojonnier method. 

Stat i st i c a 1 an al y s i s ( T a b 1 e 1 ) re v e al e d th at th e 

average lipid (%) obtained by Single solvent (Methanol) method 

was significantly higher (PLO.OS) than that obtained by Mojonnier 

method. Repeated extractions of ghee-residue with small amounts 

of methanol under warm conditions resulted in higher recovery 

of lip i ds·. This might be due to he high po~ar character of 

methanol which would have resulted · in effective extrac~ion of 

flavour compounds alongwith ghee-residue lipids. 

4.2 ANALYSIS 

Ghee-residue lipid sample solutions GR 1, GR 2, GR 3, 

GR
4 

(obtained by Mojonnier Methodj; GR1, GR2, GR3, GR4 

(obtained by Single solvent method) and respective ghee sample 

solutions G 1, G2, GJ, G4 alongwith th~ir corr es ponding sam p 1e 

hLrnks GR
0

; GR0; GO prepared under section 3. 6. 1' 3 .6.2, 3.7 

were analysed for FFA and total carbonyl levels. k.esu iLs vi er·e 

expressed as uM/g ghee-residue as well as uM/g ghee-residue 

lipid and compared with uM/g ghee. 

4.?.1 f:stimation of FFA 

FFA were estimated as blue coloured copper c :' 10:1lexe~ 

fr om the s tan d a r d c u r v e of 0 l e i c a c i d ( F i 9 . 1 ) obtaine r b y 'he 

colorimetric method 
of L 0 w r y an d T i n s l e y ( I 9 7 6 ) • Th e 1 · 2 ~ ults 

have been tabulated in Table 3 · 
FFA levels expressed as uM / g 

ghee-residue in lipid samples extracted by Mojonnier method and 

~inqlP. s61vent (Methanol) method were 229.59 (163.52-349.31) and 
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62 7. 48 ( 543. 75-682. 38) rec; pee ti vel y. The corresponding FF /1. 

levels expressed as uM/g ghee-residue lipid were 405.5!'. (311.61-

724JJ4) and 1077.37 (945.65-1206.52) respectively. This revealed 

that methanol extraction method was more effective in extractin9 

qhee-ressidue lipids alongwith free fatty acids as flavour 

'u rnpounds than the Mojonnier method. Methanol being more pola i' 

solvent could extract the flavour compounds more quantitative1y 

than diethyl ethet·-petroleum ether mixture and hence confirmed 

other hypothesis based upon which methanol was used for 

extracting ghee-residue lipids. 

FFA levels (uM/g) in respective ghee samples were 

53.55 (49.59-61.68). Thus, FFA levels expressed as uM / g ghee-

residue and uM/g ghee-residue lipid in lipid samples (2 :!_t1·Mt~ .~ 

by methanol method) were 10.75 times and 18.45. times 

respectively that in ghee. The study indicated that a major 

portion of FFA as flavour compounds, generated from fatty acid 

g1ycerides by hydrolytic/lipolytic mechanism (Kinsella, 1969a; 

Li!w, 1981; Wadh\'la and Jain, 1989a,1990c) during p_rocessing 

t t .. 1 111·1e preparing ghee are retained in the qhee-residu11 r~Rtm en _s .,. 1 

because of tlieir polar natu1·e i-d1ereas only a small pot'tion i..;f 

Thus, l·t was concluded that level of free FF .I\ passes into ghee. 

fatty o.,r:ids was higher in ghee-residue than in ghee. 

4.2 .1 E~t.imation of total carbonyls 

Total carbonyls were estimated as the fr 

d · ates by flask method of Ram.:i 2,4-dinitrophenylhydrazine eriv · 

, . 'I () ·1 ., \ 
. :. 1 ~ ~ \ ' ~I I ,.) i • The t' c ::L:1ts ari.: 

-,- • ~ . 1 

. j .. · d . 

Total carbonyl levels expressed as uM/g ghee-residue in l~p id 

samples ex tr acted by Mojonnier method and 



(Methanol) method were 15.28(12.27-20.46) and 43.65 : ~ ~ .~ v - : 1 :· . .. +:.\ 
respectively. The corresponding total carbonyl levels c xpi·esse:J 

as uM/g ghee-residue lipid were 28.38(23.38-36.41) and '5. 10 

(48.52-97 .85) respectively. Thus, it further confirmed that 

methanol method was more effective for ext1·actirig 9llec-r-esiJ ur· 

lipids along "' ith carbonyls as fl a vo.ur compounds th an th e 

M ojohnier method because of high polar character of Meth ano 1 

sol vent. 

Total carbonyl levels (uM//g) in respective ghee 

samples were 4. 30 ( 3. 50-4. 9 7). Thus, total carbonyl levels 

expressed as uM/g ghee-residue and uM/g ghee-residue lipid in 

lipid samples (extracted by methanol method) Wl~ 11 : ;.:. i5 Jri .r 

17 .51 times respectively that in ghee. 

a m ajar portion of carbonyls generated during tf1t.> 1 , '' ·1u t :i · ~ ~ - ,ire 

of ghee are retained in the ghee-residue whereas (• nl ~1 1 - 111a1 ·1 

portion of car bony ls passes into ghee. These carbo r1 y ls are 

generated from unsaturated fatty acid glycerides through ox id dtive 

mechanism, from ~-ketoglycerides through hydrolyf.ic/l ipolytic 

and decar boxylat ive me c hanisms ( Kinsell.l, 1:)69 a ; I ;i v. . l ,..:' ; I ; 

Wadhwa and Jain, 1989a,1990c) and from non-lipid prec11r '.ors viz. 

t as fer mentation and browninq_ producls proteins, lactose e c. 

(Hillier and Jago, 1978; Keeney et al., 1950). 

Thus it was inferred that level of c ,1Y"bor1yl ': \•Ii'! '.~ 

higher in ~hee-residue than in ghee. 



4.2.3 Standardization of spectrophometric 
method for the estimation of lactones 
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The method was based upon the hydroxarnic acid test 

as a qualitative test for the detection of esters (carboxylic ester 

or lactone) described by Linstead and Weedon in 'Qualitative 

Organic Chemical Analysis' (1956). Bol1fingh and Tayler (1962) 

and Urbach · (1965) characterized th·= lactones as their ferric 

hydroxamate derivatives through paper and TLC by spraying with 

i) equal volumes of 5% methanolic hydroxalamine hydrochloride 

and 12.53 methanolic sodium hydroxide, ii) 1% methanolic ferric 

chloride, and iii) g1acia1 acetic acid. 

/NOH 
3 R -CH ( 0 H )- (CH 2) 3-C"" 

OH 

Hydroxamic acid 

Hydroxamic acid 

Ferric hydroxamate of 

delta- l actone 

First, a qualitative reaction was performed by the 

method of L instead and weed son ( 1956) by heating 2, drop cf delta-

C 
12

1 actone with six drops of saturutc~J methanolic !iydroxy1amin t= 
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hydrochloride and six drops of saturated 
methanolic potassium 

hydroxide follo .-wed by acidification (9 ml 1t1ater + 1 ml f.NHCI) 

and developing the red-violet colour with fei..1 drops (five) r;f 

5% aq .ferric chloride reagent. The absorption maximti was 

observ~d at 515 nm against the reagent blank which v1as in 

accordance with that reported by Francke (1963). 

In the present study, the standardisation of spectro­

photometric method for the estimation of lactones was done using 

reagents. 

(a) 0.05%-1 ml of 5.5% m eth ano 1 ic h y rl ::.~ox y l a m i n e 

hydrochloride (5.5% concentration was nearer to sc..tu-

ration point). 

( b) 0.05-1 ml of 10% methanolic KOH (10% concentration 

was nearer to saturation point). 

( c ) 0. 05 - 1 m 1 of 2NHC1 

(d) 0.1-1 ml of 5% aq.ferric chloride. 

under various combinations in different trials. 200, 600 · ~t nd 1000 

ug concentration tu bes of 1 actones were used after '-".? p · ~·ating 

the sol vent carefully and performing he reaction as mentioned 

under 3.8.3.1, unless stated otherwise. OD was taken immediately 

at 515 nm against the reagent blan~ and results are summarised 

in Table 5. 

Trial 1: 

Trial 2: 

With 0.05, 0.05, 0.05 and 0.1 ml of reRgents 1.a:. 
(b), (c) and (d) respectively. 

With 0.05, 0.05, 0.05 and 0.2 ml of r"t:.J<;En (.:; \ :i .. · , 

(b), (c) and (d) respectively. 

Tria1s 1 and 2 ga ve low absorbance values not 

· indicating that the umount of proportionate to concentrations 

reagents added were probably not sufficient. 



Trial 3: W it h 0 • 1 , 0 . 1 , 0 . 1 and 0 • 3 m 1 of 1 • re.1gent s '. ·' .. 

(c) and (d), respectively. 

The absorbance values 

with concentrations. 

appeared to be in proportirin 

Tria1 4: 

Trial 5: 

With 0.5, 0.5, 0.5 and 0.5 ml of reagents fil) (b" 
' ' J , 

(c) and (d), respectively. 

With 1.0, 1.0, 1.0 and 1.0 ml of reagents {a), (b), 

(c) and · (d), respectively. 

Trials 4 and 5 ~"ere performed '11ith a 11ie .. : ::c see 

if there was any improvement in absorbance values of various 

concentrations of lactones. It was observed that addition of 0.5-

1 ml of 5% · aq .ferric chloride was not desirable as it imparted 

much yellow colour in the blank. The absorbance values observed 

were very much erratic probably there was shift in the 

absorption maxima due to higher concentration of ferric chloride. 

The study revealed that amount of 5% aq .ferric chloride reagent 

addition was very much critical and that Trial 2 was the best 

possible trial. The absorption maxima under Trial 2 was · again 

confirmed as 515 nm ( Fig 2). Accordingly, the standard curve 

was prepared at 515 nm (Fig 3) against the reagent blank usin 1J 

200, 400, 600, 800 and 1000 ug concentrations of delta-C 12 1actone. 

Some important observations 1"1ere made dur ~ ns the 

standardisation process: 

i) All glasswares used in the experiment should be 

thoroughly washed with dichromate solution or nitric acid fo1lowed 

by final rinsing with glass distilled water and dryinq in oven, 

as ferric hydroxamate test is given by more than one class of 
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com pounds ( carboxylic esters, lactones, anhydrides, acid 

chlorides, ox al ates, glycerides). Any such type of contamina-

tion from detergents etc. may interfere in the reaction. 

ii) Solvent should be evaporated careful1y from the 

reacting lactonc ITIJteriul before treJting with various rca~erd<:.. 

iii) OD of different tubes containing 0.2, 0.4, 0.6, 0.8 

and 1 r.11 of delta-C 12 lactone solution (100 r,19/100 ml chloroform) 

against a common ' reagent blank (containing no chloroform) wa-; 

same as that abserved with different blanks containing 0.2, 0.4, 

0.6, 0.8 and 1 ml of chloroform (reaction performed after 

evaporation of solvent). 

iv) OD should be taken immediately after the reaction 

as it decreased with time (Table 6). 

v) Klett read in gs obtained on colorimeter- '102 using 

green filter indicated that one can also use colorimeter for the 

estimation of lactones as their ferric hydroxamate derivatives 

(Table 7). . However, absorbance values obtained with different 

concentrations of lactones on colorimeter-102 and 

were not exactly following the relation Klett reading K 

4.2.4 Isolation of lactones from 
ghee-residue lipids by TLC 

s pectroni c-20 

OD = 500 

Wadhwa and Jain (1984a) developed . a Celite-digitonin-

alumina column chromatographic method for the quantitative 

isolation of lactones from . 10g ghee. The acetonitrile eluant from 

the column \\las concentrated and purified over silica gel TLC 

pl ates. They confirmed the p.urity of the lactonic isolates over 

infra-red spectroscopy followed by their GLC analysis. 
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As ghee-residue lipids showed higher levels of flavour 

compounds viz. FFA and total carbonyls in comparison to ghee, 

lactones in ghee-residue lipids were also expected to be in higher 

levels than those in ghee. Hence, lactones were isolated from 

ghee-residue lipids (Fig.4) directly by TLC procedure of Wadhwa 

and Jain (1984a). Isolation of lactones from ghee-residue lipids 

was necessary be.cause spectrophotometric estimation of lactones 

as their ferric hydroxamate derivatives is not possible in 

p res enc e of fat . 

4.2.5 Estimation of lactones in ghee-residue 
samples by spectrophotometric method 

Linstead and Weed on (1956) have described the 

hydroxamic acids of long-chain glycerides are insoluble rn 't1ater 

and give negative ferric hydroxamate test under aqueous 

conditions i.e., when 9 ml of water is used. Ho\vever, v.rhen 

9 ml of alcohol is used instead of water, this test is positive. 

In the present study, ferric hydroxamate tests ~i ere 

performed with standard tripatmitin; 1,3,dipalmitin; 1,2 dipal­

mitin and monopalmitin separately and negative tests \•1ere obtained 

under aqueous conditions. Also, this test was performed 1-lith 

fat which gave positive result. - This was due to short-chain 

glycerides and other esters in fat. 

In the lactonic isolates of ghee-residue (Fig.4) 

obtained through TLC (of Section 3.8.4, 4.2.4), the poss ·ible 

contaminants ~<Jere 1,3 and 1,2 diglycerides as Rf values of these 

glycerides \vere almost same as that of lactone~7 in ttie solvent 

system used in this study. To clear this point, 0.2 ml of ghee 

solution (Sg/25 ml benzene) was spotted over TLC plate and 



48 

developed in the solvent system. The re9ion parallel to standard 

lactone was tested for ferric hydroxamate test which gave negative 

result. This showed that there were no lactones . in this region 

(as concentration of lactones in ghee is too low and needs 

concentration 

described by 

from 10g 

~I ad h w a and 

ghee 

Jain, 

by column 

1984a,b). 

chromatography 

Also that in 

as 

this 

region 1,3 and 1,2 diglycerides of long-chain fatty acids 

apopeared which gave negative test under aq.cond ·it ~ ons. Hen<:e, 

the lactonic isolates of ghee-residue could p0s~ibly 

contaminated with 1,3 and 1,2 diglycerides of lon~-cr · ain fa~ty 

acids which do not interfere in the ferric hydroxamat.e: ,-ea;.::tiori 

under aqueous condition. 

Lactonic isolates obtained from different samples of 

ghee-residue were estimateJ clS their ferric hydroxamates at 515 

nm using standard curve (Fig. 3). Results are depicted in Table 

8. L actone levels expressed as ug/g ghee- ~ - csidt : P ?.nd 

ghee-residue lipid were 3850.56 (33688.52-4263.70) and E·6i;: .~8 

(5904.88-7499.91) respectively. Gross lactone level (ug/g) in 

ghee as reported by Wadhwa and Jain (1984b) was 30.26. Thus, 

lactone levels expressed as ug/g ghee-residue and ug/g 

ghee-residue 1ipid were 127.55 times and 218.52 times, 

respectively than that in ghee. The study showed tha~ a major 

portion of lactones generated during various processinJ treatr11ents 

in the manufacture of ghee are retained in th e oh2c ·· i~esidue 

because of their highly polar character, whereas only a small 

portion of lactones passes into ghee. These l actones are produced 

from lactonogenic glycerides through hydrolytic/lipolytic and 

dehydrative mechanisms (Kinsella, 1969a; Law, 1981; Wadhwa and 

Jain, 1989a; 1990c). 



49 

Thus, it was concluded · that level of lactones 

higher in ghee-residue than in ghee. 

The validity of · the spectrophotometer method for the 

estimation of lactones in ghee-residue \'1as further confirmed by 

G LC analysis. 

4.2.6 Estimation of lactones in ghee­
residue samples by GLC method 

Wadhwa and Jain (1984b) analysed lactonic isolates 

of ghee by GLC over 10% DEGS coated on 100-120 mesh Cia~: c· · . i~ · :. 

C (AW) at column temperatures of 160°c for 40 min and 195°C 

for 60 min. Both gama- and delta-lactones from t.o r 
\. 1 :: 

fractionated at 160°C and those above c 12 fractionated at 195 °'.:: . 

In the present study, Fig.5 shows the GLC separation 

of mod·el mixture of gamma~C 6 to c 12 , c15 , c16 , c 18 and delta­

c8 to c 16 , c 18 lactones over 15% DEGS Coated on 100-120 mesh 

Chromosotb \·l(AW-DMCS) at 160-195°c. Gamma-C 6, c7, . c8 lar tones 

fractionated at 160°C for 21 min and delta-c8 to C Hi' c,s and 

gam m a-C
9 to c12· c1s· c ·i 6' c1s fractionated at 195°c 1 .~; :. / :i 

min. Fig.6 shows the GLC separation of lactonic iso 1 ates uf ·J h '..:e · 

residue under the same conditions as used for model mixture cf 

lactones. The gas chromatograms sh owed 47 peaks. . Of these 

20 peaks were characterized through their retention times as delta-

CB to c16' c,8 and gamma-C 6 to c12· c1s· c16' c 10 l .J ctones, 

4 peaks were tentatively identified as delta _c 6, C7 and gamma-

c12· c,4 l actones. Gamma-C 7 lactone was absent rn · 1 actonic 

isolates of ghee-residue and was, therefore~ chosen as the inte1·nal 

standard for the quantification of lactones in ghee-resid~e. 

Wadhwa andJain (1984b) also reported the absence of gamma-€ 7 
I 

lactone in ghee. 
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Work from the same laboratory (Wadhwa and Jain, 

1984b) showed a complex GLC profile containing 44 peaks in the 

lactonic isolates of ghee. These included homologous series of 

n-saturated delta- and gamma-lactones (24 peaks) from c6 to c,6 

and c18 . The remaining 20 peaks (unidentified lactonec;) 'i1ere 

partly characterized and were mostly unsaturated lactones. 

Though GLC profile of lactonic isolates of ghee-residue showE:d 

47 peaks, the labelling was done as 1-12, 14-16, 16a, 16b, 17, 

18, 18a, 18b, 19-44 (Fig.6) for comparing it with the GLC profile 

of 1 actoni c isolates of ghee (Wadhwa and Jain, 1984b) 

conveniently. The homologous series of both n-saturated delta-

and gamma-lactones from C6-c 16 and c18 (24 peaks) identified 

in the lactonic isolates of ghee-residue were qualitatively sir:ilar 

to th at reported for ghee. Out of remaining 

(unidentified lactones), position of 19 peaks was simiar to tr.at 

reported for ghee. Lactonic isolates of ghee-residue st10\-Jed the 

presence of four additional peaks 16a, 16b {between de1ta-C:
8 

and 

gamm a-C
9

), '18a, 18b between (unidentified peak 18 and de1ta- :..
9
). 

Also, an unidentified peak 13 as reported by Wadh :,.,, a anci ,Ja in 

(1984b) in the lactonic isolates of ghee \-JdS found ro b..: "Jbsent 

in the lactonic isolates of ghee-residue. 

Lactone levels expressed as ug/g ghee-resi"""due and 

ug/g ghee-residue lipid are given in Table 9. Even 1actones (delta-

as well as gamma- ) were predominant lactones in ghee-1·esidue. 

Further, delta-lactones (even as well as odd) were present in 

higher amounts than their corresponding gamma-lactones . rhJ'.vever. 

delta-c 12 (237.3?), c14-(2859.42) and c18-(533.62) ex ~ t c s ~ ~d 

ug/g ghee-resid1e \vere the m.:jor 1actones in ghee-i·esidu -:: . i f1e 

corr es p on d in g v a 1 u es ex pres s e d as u g I g g he e- res i d u e l i p i d \'I er c: 

4-7.49~ 4904.50 and 920.43 rcspect~vely. However, i~adhwJ and 
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.lain (19B4b) have rerorted df'lta-r.
10 

(1. ?0), r.
12 

(1Jl7), r.
1

'1 

(2.25), c16 (1.09) and c18 (8.14) as major lactones (ug/g) ·jn 

~hee. The highest lactone levels of delta-c
14 

expres ·;ed as ug/g 

ghee-residue and ug/g ghee-residue lipid were 1270.85 times and 

2179.78 times. that in ghee respectively. 

Total delta-lactone levels ex pressed as ug/g 

ghee-residue and ug/g ghee-residue lipid were 3696.96 (3524.6t;-

4012.72) and 6346.13 (5754.73-7058.50) respectively . The 

corresponding levels for total gamma-lactones were 77 .96 ( !1 7 .57-

103.01) and 132.96 (101.25-179 . 16) r espect ive 1 y . 

delta-lactone levels (ug/g) and total gamma-lactone le\· el ~ ( ug/g ) 

in ghee were 17.90 and 1.76 respecti vely (Hadfn:fl ar d L·a 1 r~ , 

1984b). 

Saturated delta + gamma-lactone levels as ug /9 gheP-

residue and ug/g ghee-residue lipid were 3774.91 (3627.65-4070. :.: 9 ) 

and 6479 . 10 (5902.36-7159.75) respectively. The currespond ing 

levels for unidentified lactones were 217.94 (158.50-3.55.45) and 

375.78 (265.73-642.83) respectively. Saturated · delta + gaiTl r;1a-

lactone levels (ug/g) and unidentified lactone lev•;l (u'.J/g ) in 

ghee as reported . by Wadhwa and Jain (1984b) was 30.26. T h J S, 

lactone levels expressed as ug/g ghee-residue a11d 

ghee-residue lipi:J were 131.95 times and 226.53 times that in ghee 

respectively. 

4.2. 7 Comparison of spectrophotometric method 
and GLC method for the estimation of 
lactones in ghee-residue 

Comparison of lactone levels in ghee-re~id11e est imated 

by the two methods (Cf Table 8,9) revealed that lactone leve ls 
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obtained by spectrophotometric method were 3.55% (1.55%-4.48%) 

lower than that obtained by GLC method. However, statist.i :: al 

analysis showed that differences in the lactone levels estimated 

by the two methods were non-significant (Table 10). 

Hence, the validity of the spectrophotometric meth ad 

for the estimation of lactones in ghee-residue -~as confirmed. 

4.2.8 Conclusions and future research 

The present study has opened a new chapter in our 

basic knowledge on the flavour potential of ghee-residue. · The 

study has revealed beyond doubt that ghee-residue is a rich 

source of flavour compounds. Levels of flavour compounds v~ z. 

FFA, carbonyls and lactones are higher in ghee-residue thar: those 

in ghee. Ghee-residue lipids alongwith flavour compounds 

extracted by a highly polar solvent like methanol can be 

exp1oited as flavour concentrates of ghee-flavour for flavouring 

bland products viz. vegetable fats/oils, butter oil ere. 

Alternatively, enrichment of flavour concentrates throug i: heat 

treatment process can also be used for inducing ghee-fla " our in 

bland products. The shelf-life of flavoured products thus obtained 

would obviously be higher as ghee-residue is a rich . source of 

natural antioxidants also. 

-0-0-0-



CHAPTER - V 

SUMMARY 



5. SUMMARY 

5.1 EXTRACTION OF GHEE-RESIDUE LIPIDS 

Ghee-residue lipids were extracted by suitably 

modified Mojonnier method and a newly developed Single solvent 

(Methanol) method. Lipid (%) in ghee-residue extracted by 

Methanol method (58.39) was significantly higher (P/0.05) than that 

obtained by Mojonnier method (53.51). Hence, Methanol extraction 

method was more effective in extracting ghee-residue lipids than 

the Mojonnier method. 

5.2 ESTIMATION OF FFA 

FFA levels expressed as uM/g ghee-residue and uM/ g 

ghee-residue lipid in lipid samples extracted by Methanol method 

(627 . 48, 1077 .37 respectively} were higher than those by Mojonnier 

method (229.59, 405.52 respectively). Thus, Methanol extraction 

method was more effective in extracting ghee-residue lipids 

alongwith free fatty acids as flavour compounds than the Mojonnier 

method. 

FFA levels expressed as uM/g ghee-residue and uM'g 

ghee-residue . lipid in lipid samples (extracted by Methanol 

method) were 10.75 times and 18.45 times respectively that in gh ee 

(53.55 uM/g). Thus the level of free fatty acids ~,,ras higher in 

ghee-residue than in ghee. 



5.3 ESTIMATION OF TOTAL CARBONYLS 

Total carbonyl levels expressed as uM/g r;hee-residue 

and uM/g ghee-residue lipid in lipid samples extracted by Methanol 

method (43.65, 75.30 respectively) were higher tha11 those oy 

Mojonnier method (15.28, 28.38 respectively). Thus, Methanol 

extraction was more effective in extracting ghee-residue lipids 

al ongwith carbonyl s as fl av our compounds than the Maj onn i er 

method. 

Total carbonyl levels expressed as uM/g ghee-residue 

and uM/g ghee-res idue 1 ipid in 1 ipid samples (extracted by 

Methanol method) were 10.15 and 17.51 times respectively that in 

ghee (4.30 uM/g). Thus, level of carbonyls was higher ~n ghee-

residue than in ghee. 

5.4 STANDARDIZATION OF SPECTROPHOTOMETRIC 
METHOD FOR THE ESTIMATION OF LACTONES 

A spectrophometric method was standardized For· the 

estimation of lactones at 515 nm as their red-viol~ t f~rric 

hydroxamate derivatives. 

5.5 ISOLATION OF LACTONES FROM 
GHEE-RESIDUE LIPIDS BY TLC 

Lactones were isolated from ghee-residue lipids 

(extracted Methanol method) directly through TLC. 

5.6 ESTIMATION OF LACTONES IN GHEE-RESIDUE 
SAMPLES BY SPECTROPHOTOMETRIC METHOD 

Lac tone 1eve1 s expressed as ug/g ghee-res; due and ug/ g 

ghee-residue lipid were 3850.56 and 6612.28 respectively by 

spectrophotometric method. These levels were ·127. 25 times and 



218 .52 times that in ghee (30.26 ug/g cf. literature report ~Jadhwa 

and Jain, 1984b). Thus, level of 1 act ones was higher in 

qhee-residue than in ghee. 

5.7 ESTIMATION OF LACTONES IN GHEE-RESIDUE 
SAMPLES BY GLC HETHOO 

Lactone levels expressed as ug/g ghee-residue, ghee-

residue lipid were 3992.85 and 6854.88 respectively by GLC method. 

5.8 VALIDITY OF SPECTROPHOTOMETRIC METHOD FOR THE ESTIMATION 
LACTONES IN GHEE-RESIDUE 

Statistical a~alysis revealed that differe:ices i1 tr~ 

lactone levels in ghee-residue estimated by spectrc.ri'.1otc1r1.:t:· "~ 

method and GLC method were non-significant. Hence, ~hE:. v=tlidiiy 

of the spectrophotometric · method for the estimation of lactones 

in ghee-residue was confirmed. 

S. 9 CONCLlJSTONS /l.NO FUTURE RESEARCH 

Ghee-residue is a rich source of flavour compounds. 

Levels of flavour compounds viz. FFA, carbnnyls a~a 

lactones are many times in ghee-residue than in ghee. 

Ghee-residue lipids alongwith flavour <::ompounds extrac-

ted a highly polar solvent like methanol can be 

exploited as flavour concentrate of ghee-fl~vou~ for 

flavouring bland products viz. vegetable fats/oi)s, 

butter oil etc. 

Alternatively, enrichment of flavour concert, ·ate 

through heat treatment process can al so be use<.l for 

flavouring bland products. 

-0-0-0-
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Table 1. Lipids (%) "in ghee-residue extracted by Mojonnier method 
and Single solvent (Methanol) method 

Method Sample No 
1 2 3 

Mojonnier 52.47 48.25 57. 14 

Single solvent(Methanol) 56.85 57.50 62.66 

--------------------~ ····- - · - - --- --------------

4 Average 

56. 19 53.51 

56.55 58.39 



Table 2. Analysis of variance for lipid(%) in ghee-~esidue extracted by Mojonnier method and 
Single solvent (Methanol) method 

Source of variations d. f. Sum of squares Mean sum of squares F-value (M 1;M2) 

Between methods 1 72. 14 72.14 (M
1

) 7. 13* 

Within methods 6 60.73 10. 12 (M
2

) 

4 

·--------------- --- -- -. -

*Signi f iC!• ;t ~ i> /_0.05) 



Table 3. FFA levels expressed as uM/g ghee-residue, ghee-residue lipid and ghee 

--------------------------------------·---------------------------------------------------------------------------

fqethod Ghee-residue Ghee-residue lipid Ghee 

1 
S-am-pleaNo. 

2 3 4 1 
Sam-pTeaNo. 4 Average 

2 3 
Sample No. 

2 3 4 Average Average1 

-- -- --- -- -- --- - - --- ------ - --- ------ ---- --- --- - - ------- ----- - --- - ---- -- -- - - -- - - - - --- - -- - ---- - - --- ---- -- - ---

Moj onnier 

Single 
solvent 

50.82 52.09 61.68 49.59 53.55 

163.52 349.31 204.85 254.32 229.59 311.61 724.04 358.49 452.54 405.52 

665.64 543.75 618. 16 682.38 627.48 1170.89 945.65 986.42 1206.52 1077.37 

;:i - Jl.nalysis donE: in rf11piir:~t· e 



" 

Table 4 . Total carbonyl levels expressed as uM/g ghee-resirlue, ghee-residue lipid and ghee 

---------------------------------------------------------------------------------------------------- ··-------~---~ 

'-let hod 

, 
Ghee-residue 

a Sample No. 

2 3 4 Avera- 1 
ge 

Ghee-residue lipid 

Samplea No. 

2 3 4 

Ghee -------··--·-·-------

Avera- 1 
ge 

2 

Sample Uo. 

3 4 AvErar;': 

-------------------------------------------------------------------------------------------------------------- ---

"'ojonnier 

S1ng1e 
soht€nt 

3.50 4.31 4.97 .:.42 e.30 

12.27 12.53 15.86 20.46 15.28 23.38 25.96 27.75 36.41 28.38 

55 .Ll5 27.90 35.90 55.34 l.l3.65 97.54 48.52 57.28 97.85 75.3(1 

~n~lys~s d0ne in dupl~~at~ 



Table 5. Absorbance values (OD) of various trials used for standardising spectrophotometric 
method for the estimation of lactones 

Lactone concentration 
( lig) 

Trial 1 Trial 2 Trial 3 Trial 4 Trial 5 

---------------------------------------------------------------------------------------------

200 0.03 0.04 0.058 0. 16 0.31 

600 0.08 0. 10 0. 18 0.35 0. 79 

1000 0. 10 0. 15 0.30 1. 18 1 . 17 



Table 6. Change in OD of ferric hydrox arnrJ l:e of l ar:tonc with lime 

-------------------------------------·-----------~--------------------M••----

Time {min) OD 
--------------------------------------------------------------------- ----~---

0 o. rn 

10 o. rn 

20 0. 17 

30 0.16 

f;(J (). 15 



Table 7. Klett readings (green filter) of ferric hydroxamates of lactones over 
colorimeter-102 

--------------------------------------------------------------------------------------
Lactone concentration(ug) Klett reading 

100 11 

200 20 

300 33 

400 38.5 

500 52 

600 62 

700 78 

800 90 

900 100 

i r;~;o 114 

-- - - ---- - -- -· - - - .. - - ·- -- ·-· - -. - -- - - - - - - - - - ..... - - .. - - - ---- -- ---- ---- - -- ----



Table 8. Lactone levels expressed as ug/g ghee-residue and ghee-residue lipid 
estimated by spectrophotometric method 

----------------------------------------------------------------------------------------------------------

1 

Ghee-residue 
s·ample No. 
2 3 4 Average 

4263.70 3750.00 3700.00 3688.52 3850.56 

/,;-·· 
/ . ·~ er-.' ' r::. ?9 
-~ rJ . 
~ ··~···· .· 
~ tr' , ".'· Q . . 

Ghee-residue lipid 

Sample No. 
1 2 3 4 Average 

7499.91 6521.74 5904.88 6522.58 6612.28 



Table 9. lactone levels expressed as ug/s ghee-residue lipid and ghee-r·esidue estimated hy GLC 

-------------------------------------------------------------- ·~--------------------------------------------------- - --

c-;:o. 

1 

Delta-Lactone 
Sample No. 

2 3 4 

Ghee-residue 

Average 1 2 

Gamma-lactones 
Sample No. 

3 4 Average 
---------------------------------------------------------------------------------------------------------·------------

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

18 

5.69 

1. 95 

1. 75 

1.46 

7.58 

1. 70 

1 . 13 4.04 

2.04 1 . 79 

9.10 5.4) 5.46 2.55 5.43 

t t t t t 

19.90 10.94 20.02 28.57 19.86 

5.69 4.38 7.89 3.82 5.45 

272.91 246.58 225.67 204.12 237 .32 

6.25 14.01 10.01 4.59 8.72 

3002.02 2737.06 2891.90 280n.71 2859.42 

9.49 8.25 . 10.21 8.52 9.12 

6.25 8.75 18.20 15.64 12.21 

673.47 485.87 407.67 566.45 533.62 

Total 4012.72 35211.6'~ 3606.11 ~n44 . 14 1i:;qi:; Qfi 

t 

6.82 

t 

5. 12 

0.57 

9.95 

2.56 

5.69 

t 

t 

26.86 

r:,7 r..7 

t 

1. 17 

t 

6. 13 

0.59 

32.68 

9.92 

26.26 

t 

t 

26.26 

1f"I? ()1 

t 

3.33 

t 

14.56 

0.69 

7.89 

6.42 

5.03 

t 

t 

54.60 

('I" f:'') 

t 

1. 36 

t 

2.55 

0.63 

16.67 

4.08 

2. 72 

t 

t 

30.71 

r n . ., "" 

t 

3. "i7 

t 

7.09 

0.62 

16 .80 

5.75 

9.93 

t. 

t 

34 .61 



-------------------- ------- --------------------- --------- ---- ------------ -- -------------- ---------------------
Ghee-residue 

c-::o. 
De l ta-Lac tone Gamma - lactones 
Sample No. Sample No . 

2 3 4 Average 1 2 3 4 Ave1·age 
----------------------------- ---- ----------------------- ------------ --------------- ------------------------ ----------

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

18 

Total 

5.69 1 . 75 7.58 1. 13 4.04 t t t t 

1.95 1 .46 1.70 2.04 1. 79 

9. 10 5. 4J 5.46 2.55 5.43 6.82 1. 17 3.33 1. 36 

t t t t t t t t t 

19.90 10.94 20.02 28.57 19 .86 5. 12 6 . 13 14 . 56 2. 55 

5 . 69 4.38 7.89 3 .82 5.45 0.57 0.59 0 .69 0.63 

272.91 246.58 225 .67 204. 12 237 .32 9.95 32.68 7.89 16 .67 

6. 25 14 .01 10 .01 4.59 8.72 2.56 9.92 6 .42 4.08 

3002.02 2737.06 2891.90 2806 .71 2859.42 5.69 26.26 5 .03 2 .72 

9 . 49 8 .25 . 10.21 8.52 9. 12 t t t t 

6.25 8 .75 18 .20 15 .64 12 . 21 t t t t 

673.47 485.87 407 .67 566.45 533.62 26 .86 26 .26 54.60 30.71 

4012.72 352il . 6"4 3606.31 . 1644.14 31i% . % 57 . ~7 ~n3. 01 "" C''l 
r:n ..., .... 

J (_. - " - J U • IL 

L<ictone levels 2 
Sample No . 

j 4 

--- ---- -------------------- ---------- ---------------·----------------------------------------

Saturated delta­
+ gamma-

Unide ntified 

Gross 

4070.29 

365 .45 

4435.74 

3627.65 3698 .83 3702.86 

181.29 166.52 158.50 

3808.94 3865 . 35 3861. 36 

t 

3. 17 

t 

7.09 

0.62 

16 .80 

5.75 

9.93 

t 

t 

34.61 

~-:.95 

Average 

3774.91 

217.94 

3992.85 

--------------- ---------------- ------------------------- ----- ---------- ------------------------ ----------------------



........ contd. Table 9 
----------------------~-------------------------------- - --- - --- - -------------- -- --- - - ·- - -- ---------------------- · · -- ---

C-No. Delta-lactone Ghet-resic) u__._!,. 1ipid 
Samn le ~1 -·· - --· 

,_: 10. 

f;amma- 1 ac tune - -- ·-
Samp 1 e No. 

1 2 3 4 Aver-age --.-1 - · 2 3 4 Average 
------------------------------------------------------------------------------------·--------------------------------
6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

18 

10.00 

. 3.43 

3.05 12.10 

2.54 2.71 

2.00 

3.61 

6.79 

3.07 

16.00 8.00 8.71 4.51 9.31 

t t t t " t 

35.00 19.03 31.95 50.52 34.13 

~0.00 7.61 12.58 6.77 9.24 

480.06 428.84 360.12 360.92 407 .49 

11.00 24.36 15.97 8.12 14.26 

5280.67 4760.00 4614.73 4962.59 4904.50 

16.69 

11 .00 

14.35 

15.23 

16.29 

29.04 

15.06 

27.67 

15.60 

20.74 

1184.65 844.98 650.53 1001 .54 920.43 

"· -:.f.. • 
·< !"IN\~· . . .-

t 

12.00 

t 

9.00 

1.00 

17.50 

4.50 

10.00 

t 

t 

47.25 

t 

2.03 

t 

10.66 

1 .02 

56.84 

17.26 

45.67 

t 

t 

45.68 

, -. " ., r: 

t 

5.32 

t . 

23.23 

1 . 10 

12.58 

10.25 

8.02 

t 

t 

87. 13 

1 /I - , ,: ") 

t 

2 .4"1 

t 

4.51 

1 .08 

29.47 

7.22 

4.81 

t 

t 

54. 31 

Hn Q1 

t 

5.44 

t 

11 .85 

1.05 

29 .10 

9.80 

'17. 13 

t 

t 

58.59 

-1 ~? <t~ 



.... .. .. contd. Table 9 
----------------------~------------------------------------- -- ----------------- - --- - --- - - ------ ------------------

C-No. Gllee-resi.;l u".~. 
Delta-1 actone Gamma.:lactone 
Sample No. Samp 1 e No. 

2 3 4 Average I 2 3 4 Average ____________________________ . ____________________________ : ____________________________________________________________ 

6 10.00 3.05 12. 10 2.00 6.79 t t t t t 

7 3.43 2.54 2.71 3.61 3.07 

8 16.00 8.00 8.71 4.51 9.31 12.00 . 2 .03 5.32 2.41 5.44 

9 t t t t t t t t t .. c 

10 35.00 19.03 31.95 50.52 34.13 9.00 10.66 23 . 23 4.51 11 .85 

11 10.00 7. 61 12.58 6. 77 9.24 1.00 1 .02 1 . 10 1.08 1.05 

12 480.06 428.84 360. 12 360.92 407.49 17.50 56.84 12.58 29.47 29. 10 

13 11 .00 24.36 15.97 8 .12 14.86 4.50 17. 26 10.25 7.22 9.80 

14 5280.67 4750.00 4614.73 496 2.59 4904.50 10.00 45.67 8.02 4.81 17. 13 

15 16.69 14.35 16.29 15.06 15.60 t t t t t 

16 11 .00 15.23 29.04 27.67 20.74 t t t t t 

18 1184.65 844.98 650.53 1001.54 920.43 47.25 45.68 87. 13 54.31 58.59 

- --·- -- - ·- -
Total /\;58.~0 . 6127:'99 · 5754;73· 6443.31 o34n. n -1 ., .. ~ ... 

~74. 16 1 ~ 7 . f;3 H11.R1 n:.> % l ' .1 I . •. :J 

Lacr.one 1eve1s 
-~--- Sample No·:__ ___ _ 2 ·---·· 3 -· ··-·-----,~ Averc:;e 

-----------------------

Saturated delta- 7159.75 6307. 15 5902.36 6547 .12 6479.10 
+ gamma 

Unidentified 642.83 31t,.25 265.73 280.30 375.78 

Gross 7802.58 6621.40 6168.09 6827.42 6854.88 



Table 10.Analysis of varian'ce for 1actone levels estim.Jted by 
spectrophotometric and GLC methods 

----------------------------------------------------------------------------------------------------------

Source of variation d .f. Sum of squares Mean sum of squares F-value(M1/M 2) 

-----------------------------------------------------------------~----------------------------------------

Between methods 1 117709.52 117709.52(M1) 

0.26NS 

Within methods 6 2729084.58 454847.43(M .. ) 
{.. 

------------------------------------~- -------------------------------------------------------------- ·-------
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NS = Non-significant 


