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INTRODUCTION 

Pearl millet (Pennisetum typhoides) is grown extensively 

in the dry areas of western and southern India and a I ong the 

periphery of Sahara, where it is used as a food for an estimated 

400 million people. Pearl m iII et is one of the most important 

cereals ranking sixth in the world's cereal production. Pearl 

mi I let often produces a greater quality of grains than other 

cereals under conditions of less fertile soil, intensive heat 

and limited rainfall. 

Pearl millet is utilised mainly as food grain for human 

consumption. The coarse grain is I ooked down upon as poor 

man's food limiting users to villages. Increasing availability 

of finer cereals, wheat and rice, has resulted a shift in the 

food preferences away from pearl m iII et among rural masses. 

Marketing environment is hardly favourable as the grain is not 

covered by procurement price support, subsidies, or pub I ic 

distribution system. During favourable rainfall when there 

is a bumper crop, the markets are flooded with surplus grain 

and there are not many buyers available. Thus, pearl millet 

grain is highly underutilised and fetches poor returns to the 

growers. 

It has a higher pr·otein content than do other cereals grown 

under simi Jar conditions ( Ho~eney ~ a I., 1981) and a fat content 

upto 8 per cent ( Lai and Varriano-Marston, 1980; Rooney, 1978). 
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No doubt pearl millet has a relatively better mineral profile but 

owing to certain inherent 

to human system is I ow 

phosphorus is present in 

factors bioavailability of these minerals 

(Mahajan, 1986). More than half of the 

phytate form which is not available to 

human system (Daniels and Fisher, 1981). Besides, dietary phytate 

is known to render minerals, especially divalent cations, unavailable 

as well as to inhibit the proteolytic and amylolytic enzymes (Sutardi 

and Buckle, 1985). The formation of a tertiary protein-mineral­

phytate complex is believed to inhibit the enzymatic degradation 

of protein and results in lower digestibility of protein (Serraino 

et ~., 1985; Knuckles et al., 1985). In the presence of phytate, 

starchdligestibility is also significantly reduced (Yoon ~~.,1983). 

lnspite of greater availability, low cost and comparatively 

good nutritional value, use of pearl mi I let in food industry is very 

I ow as compared to that of wheat and rna i ze. The main reason 

is its poor keeping quality. Pearl millet flour develops unpleasant 

odour and often bitter taste when stored for more than 7-10 days 

(Kaced et ~., 1984). Pearl millet can be stored for long periods 

without dramatic quality changes if the kernels remain intact. 

But once the grain is subjected to grinding, the meal quality rapidly 

deteriorates. This is because of its higher fat content and presence 

of higher proportions 

Both hydrolytic and 

of usaturated fatty 

oxidative rancidities 

acids 

occur 

(Rooney, 

in pearl 

1978) • 

mi I let 

flour resulting in release of free fatty acids and formation of 

peroxides (Carnovale and Quagli<:~, 1973). The solution to the storage 
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instability of milled pearl millet lies, therefore, in developing 

milling processes that remove the major lipid containing portions. 

Through wet milling it has been possible to separate germ, 

bran and ensosperm (17.4,7.5 and 75 per cent of the grain, respecti­

vely) Parts of the millet grain (Abdelrahman ~ ~·· 1984). Most 

of the fat (about 87 per cent) of the grain resides in the germ 

and the latter contains about 32 per cent fat on dry weight basis. 

But unfortunately this process produces an awful odour and the 

endosperm grits are not acceptable as human food. If by a suitable 

process, the germ and endosperm are separated, the pearl millet 

grain can prove to be a potential source of edible oil. The fatty 

acid profile of peat·l millet oil is almost similar to that of fat 

from corn and other cereals which affirms its suitability for human 

consumption. As it is likely, the lipoxygenase activity gone with 

the germ the endosperm can be made to good quality flour having 

a long storage life. Besides, this, milling may also increase the 

avai labi I ity of nutrients by reducing antinutrient content as the 

antinutrients, concentrated in the outer covering layers of grain, 

are removed by mi I I ing. New products from endosporm grits can 

be developed and commercialized. 

With these perspectives, the present study was carried 

out with the following objectives : 

i) To standardise the process of separating germ, endosperm 

and bran from whole pearl mi I let grains and to determine 

the nutritional value of these components. 
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ii) To explore the possibility of utilising the germ and bran 

as a source of edible oil. 

iii) To develop methods of utilisation of the separated endosperm 

for human nutrition. 



REVIEW OF LITERATURE 

Pearl millet is one of the coarse grains which have 

limited used as human food. Its utilization can be 

enhanced only if the different components are seperated 

and put to different uses. Literature on the topic has 

been reviewed under following subheads. 

2.1 Nutritents 

2.2 Antinutrients 

2.3 Milling 

2.4 Storability 

2.5 Food products 

2.1 Nutrients 

Pearl millet kernels are generally tear-shaped. 

Kernel shape, size and appearance vary significantly among 

pearl millet varieties, and also with in a sample, 

kernels vary significantly in size and shape. 

A scanning .electron micrograph of a fractured kernel 

shows that the germ is large in proportion to the rest of 

the kernel. The ~kernel contains translucent and opaque 

endosperm portions, the ratios of which vary ronsiderably 

among cultivars. The pericarp has three layers: the 

epicarp, the mesocarp I and the endocarp ( Bedi et al., 

1976a' Sullins and Rooney 1 1977). The aleurone cells 

are one layer thick and app~ar to be firmly attached to 

the pericarp. The translucent endosperm is devoid of air 

spaces and contains polygonal starch granules embedded in 

a protein matrix. 

The information on major nutrient contents of pearl 

millet grain has heen reviewed and furnished in the 
tabular form (Table 2.1). 
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Table 2. 1 : Protein, fat and ash contents (g/100g) of pearl m iII et 
grain 

Sr.No. Protein Fat Ash References 

1. 12.8 to 13.2 4. 1 to 4.3 5.7 to 7. 1 Salpico and Yam bo ( 1 9 6 8 ) 

2. 7.9 to 20. 1 4.6 to 6.4 2.0 to 3. 2 Sawhney and Naik (1969) 

3. 9.2 to 16. 1 4.5 Burton et a I. (1972) --
4. 8.42 to 14. 5 5.24 to 6.28 1. 82 to 2.47 Singh and Pop I i (1975) 

5. 11.3 to 19.6 3.0 to 4.G 1.5 to 2.6 Uprety and Austin ( 1972) 

G. 12. 5 5.6 2.8 Des iknchc.r (1977) 

7. 8.9 6.9 2.1 Pert en ( 1 977) 

8. 10.ll to 13.2 6.03 to e.o5 1.8 to 2. 48 Chaudhar·y Q~d. ::; ·~ ·. 
I<.:: poor (1980) 

9. 10.6 5.6 1.7 Batra (1985) 

1 0. 10.5 to 14. 8 8.32 to 10.4 Chauhan et al. (1986) -- ,, 

11. 9.90 6.42 2.0 l<hetarpau I (1980) ~,) 

Abdelrahman et al. (19811) studied the anatomical parts of pearl 

millet and found that large, medium and small kernels had endosperm 76.2 , 

75.0 and 73.8 weight per cent respectively; bran contents were 7.17, 

7.52 and 10.64 weight per cent, rcs·pectively; ger·m contents were 16.62, 

17.40 and 15.47 v~eight per cent respectively. Small kernels with thick 

and thin pericarp h<Jd 2.31 and 9.31 weight per cent bran, respectively. 

Varriano-Marston and Hoseney (1980) reported that major lipid conta-

ining portions of pearl millet grain were germ and covering layers. According 

to Abdclrahman (198Lt), protein, fat and ash contents of ker·nels were: 
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whole grain 13.3, 6.26 and 1.68; endosperm 10.88, 0.53 and 0.32; 

germ 24.52, 32.18 nnd 7.18; and brnn 17.07, 5.04 and 3.20%, respec­

tively. It wns further reported thnt endosper·m contained 59 •. 5% 

of total grain protein, 6.24% of the fat and 13.89% of the ash; 

germ contained 31.20, 87.82 wnd 72.205, respectively. 

Reichert and Youngs (1977) studied the chemical composition 

o Nigerian millet dehulled with a I<:Jborator·y bc:1rley pe<:Jrler village 

scale ubt·asive and attrition type mi lis and compared it with grains 

dehulled with the trnditional mortar and pestle. Their results 

showed that mechanically dehulled grains contained 31-51% less 

oi I and ash and 9-18% less protein than the whole grains at 75% 

extraction rute. Traditionally dehulled grains contained 7-21% less 

oi I and ash and 8-9% less protein than whole grains at 75% extraction 

rate. Abdelrahman et al. (1983) studied the effect of different 

tempering conditions on total yield and fat content of ec:Jch fraction 

produced by each set of tempering conditions using corrugated roller 

mills. 

to 1 6, 

that 

Samples with initicJI moisture content of S.SS% were tempered 

18 and 230% moisture levels for· 6, 12 nnd 18 h. They found 

increasing the moisture content of gt·ain increased the amount 

of germ recovered and consequently increased the <:Jmount of fat 

separated in the germ for <:JII three comparing times used. The 

fat content of germ varied fr·or.l 15.7G to 50.73% of total fat at 

different tempering moisture levels nnd periods. The minimum 

was at 16% moisture level for 18 h tempering period and mnximum 

<:Jt 20% moisture level for G h temper-ing time. 



Dewit ~nd Schweigart ~(1970) showed that milled g1Aain of pearl 

millet contained 13.7% protein and 4.4% fat as compared to 16.8% 

protein and 5.7% of fat of whole gt·ain. J\drian ~!::!_. (1975) reported 

the chemical composition of the pcaJt.l mi I let fractious obt~ined by 

SEPI/',L (Societe alimentaine d' etudes et d' exploitation de precedes 

pour industrie milling process}. The resu Its showed that protein 

rich fre1ction contained 4.1% ash nnd 14.2% lipid whereas decorticated 

grain has 1.3% ash {lipids not reported). Bookwalter et ul. {1987) 

also reported the highet· protein, fat und ash content of germ the1n 

pem·t mi I let whole grain. Saunders {1950) found 12-16% protein, 

16-22% fut <Jnd 7-10% ash in rice b1·an. 

Kurien et al. {1967) stated that refined finger millet flour, 

prepared by wet processing was u poor sou1Ace of protein, calcium 

<Jnd phosphot·us, Cl5 large quantity of nutrients was being discarded 

in water. 

From the limited evidence <Jvnilnble, glucose appears to be 

the p1·incipal free sugar in the peilrl r.1illet. Bhatia et al. {1972) 

reported Ll.6 r.nd 5.4% water soluble sugnt·s in two samples. Uprety 

and /wstin (1972) reported totnl sugar content of 2.01 to 2.70 per 

cent. Pe"rl rni I let sug<:ws a1·e composed of gluco!:;e, fructose, sucrose 

and maltose along with higher oli.gosaccharides. Total cnrbohydrCJtes 

in renrl millet ranged from 65,1i to 71.2 per cent and sturch constitu-

ted 56.3 to 63.7 per cent (Singh and Popli, 1573). Li 11eback ;::nd 

Ponpipom (1977) found 10 mg of glucose per gram of flour in one 

_,ample. Subrarnaniiln et al. (1981) found values of 2.G- 2.78% for 

9 cuI tivars. 
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Starch content of pearl m iII et ranges from 56 to 65% of the 

grain (Freeman and Bocan, 1973; Sheorain and Wagle, 1973; Bailey 

!:..!. ~., 1979). Badi et al. (197Gb) reported 17% in one sample of 

pearl millet. 13eleit:J et al. (1980) found amylose contents of 20-

22% for five cultivars. Mahajan (1986) reported that total soluble 

sugm·s, reducing sugars, non-reducing sugars and starch content of 

pearl millet were 2.5, 0.30, 2.20 nnd 55 g/100 g, r·espectively while 

IChetarp<lul (1!Hl8) reported the contents of 4.52, 1.22, 3.30 nnd 

63.3 g/100 g, respectively. 

Panwnl nnd Panwar (1989) found thCJt 24 h soaking of pearl 

millet in 0.2 N HCI decreased the starch content of pearl millet 

ft·om 60. 1 to 58%. 

According to Osmnn et al. (19l38), heat, maize and rice ger·m 

contained reducing sugar·s 1.58, O.ll6 and 0.64%, non-reducing sug<Jrs 

15.99, 5.75 and 11.7%, total carbohydrates 29.75, 41.79 and 51.2%, 

respectively. Amarjeet ct al. (1990) revealed that debranning of 

wheat resulted in decr·esed level of total and non-reducing sug!ars 

to a I esser C}(tent as compared to other nutrients. Starch and reducinJ.J 

sugCJrs, on the other hand, incrensed after debranning. 

The information on mineral contents of pearl millet grain mg/1 00 

g has been reviewed and given in the tabular form (l'able 2.2). 

Calcium, phosphorus (including phytin phosphorus) and iron 

contents m<:Jy be significantly reduced by r·emoval of the outer pericarp, 

pericarp, though the highest concentration of phytate occurs in the 
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Table 2.2: Mineral composition of pearl millet grain (mg/100g) 

Sr. Calcium Phosphorus· Iron Zinc Reference 

l. 60 310 8 Ram a Rao et al.{1953) 

2. 55 358 Kurien ~~.(1961) 

3. 7-117 . 631-1353 2.1-11.7 0.10-3.8 Shah and Mehta, 1959; 
Carr, 1 9 61 ; Goswami et 
al.,1969a, 1969b; Burton 
etal.,1972; Varriano -
Marton and Hoseney, 
1980. 

4. 35-62 245-348 2.1-5.2 Uprety and Austin(1972) 

5. 40 2.8 2.5 Awadalla & Slump ( 197 4) 

6. 3-62 248-950 1.1-38.0 Hulse et al. (1980) --

7. 69-83 274-302 Dhillon et al.(1982) ---

.8. 25-90 5.48-7.35 1.90-2.50 Kumar and Kapoor (1984}/ 
'/ i'·'\\: 

9. 52-65 300-390 Chauhan et al.(1986) --

1 0. 48.5 302 1 6 2.7 Mahajan (1986) 
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germ (Hulse et al., 1980). Varriano-Marston and Hoseney 

(1980) repored high levels of silicon and pot~s~ium in the covet·ing 

layers (including the aleur·one) of penrl r.1i llet. Most of the phos-

phorus was in the germ and high levels of iron v1ere in the germ 

and covering lc:Jyers. In generzl, the endosperm was low in minerals; 

the predominant elements detected·· were sulfur, potassium and iron. 

l<urien nnd Desil<achur (1966) found that milling the finger 

millet after c:odding 5% moisture for 30 min gave the husk fractions 

rich in cnlcium and phosphorus. According to 1\wndalla · and Slump 

(1974) decorticated Egyptian millet contained only 10.0, 1.3 and 

0.8 mg/100 g of cnlcium, iron and zinc, t·espectively CJS compared 

to 4.0, 2.8 nnd 2.5 mg/100 g of calcium, it·on nnd zinc in whole 

pearl millet. Desikachar (1977) repor·tcd that br·an of pearl millet 

contained 1450 mg/1 00 g phosphorus. Pawar and Parlikar (1990) 

found that phosphorus in pearl m iII et decrensed from 3. 1 6 to 1. 79 

mg/g after dehulling and sonking in 0.2t,J HCI. 

Sever<:ll studies hnve indicded that solubi I ity of minerals 

in foodstuffs subjected to in vitt·o g<'lstl·ic ot· g<Jstro-intestinal 

digestion is indicative of their bioav.-:ii<Jbility from these foodstuffs 

(Rao nnd Prabhnvnthi, 1978; Lock and Gender, 1980; Millet ~E.!_., 

19!31; Schricker et al., 1982; Schwartz et al., 1982; h'ien and 

Schwnrtz, 1983; VJien and Schw<Jrtz, 1985). 

Chompreeda and Fields (1984) stated thnt extractable minerals 

ure those which c.;re soluble in 0.031J :lCI, the concentn1tion of 

liC I found in stomach of aou It. i"hey incubated the food samples 
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in n w.::ted.Jnth set ut 37°C for 3 h with constont stin·ing nnd nftcr 

filtering through un ash less fi Iter puper, ~nnlysed the filtrate 

The hCI-e)~trnctable minerCJis presented " nn index· 

of their avwilability from the foods. 

l<het<Jrpnul (1988) reported IJCI- extractability of 36.0, 32.5, 

19.4, 42.2, 35.2 and 52.8 per cent for calcium, phosphorus, iron, 

zinc, mangnnese in peorl mi Jlett, respectively. 

Avuilubility of calcium from whole meul, refined flour and 

composite flout· of finger millet wns studied by t(urien (1967) and 

his findings showed that 2venlge intakes of calcium wet·e similm· 

from all these diets but average retention from whole meal was 

47% us compared to GS% nnd 74% from refined c:md composite flour, 

respectively. It Has further reported thot c<::lcium in refined tmd 

composite flout·s v:as derived solely ft·om endosperm and muy be 

more readi I y uvai I able thun culcium from husk. 

F<:~tty ncid profile of pearl millet oil is nlmost similur to 

thot of fat f1·om other cerea I grains, except that pearl millet 

oil hns higher levels of palmitic acid ond stenric acid. Fatty 

acids in the free lipids were oleic (53.8%), linoleic (34.9%),jpalmitic 

(10.8%), stearic (0.28%) and myristic (0.20%) (Agarv:al and Sinh<J, 

1 9 6LI) • Jellumand Powell (1971) found linoleic (Ll0.3-51.7%), oleic 

(20.2-30.6%), nnd pulmitic (17.7-25.0%). They also reported nverage 

values of 3.G9% for linoleic clcid, 3.9% for stenric acid, 0.64% for 

arachidic acid and 0.55% for palmitoleic acid. Linoleic, oleic, palm­

itic ancl stearic ucids lwve been reponed to be the majot· acids 

of penrl millet fnt (Jellur.1 and f.)ov:ell, 1971; Rooney, 1978; Hoseney 

et ~., 1981; Chauh<lll ~ c.l., 198G). 
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Belova et al. (1970) found th~t major fatty acid~ were palmi-

tic, stearic, oleic, linoleic, linolenic and aenoloinic acid with 

per cent mydstic acid, pulrnitoleic acid and saturated C 
16 

and 

C 20 acids. Most of the fatty acid£i present in millet lipids were 

unsaturated (78.4 to 82.1 per cent) while the proportion of saturated 

acid amount to 17.9 to 21.6 per cent. Lai und Varriano-Ma-rston 

( 1930) t·epot·ted thnt unsaturnted fatty <::cid:J nveraged 70.3% of the 

free nnd 51.7% of the bound I ipid ft·action. Linoleic, oleic and 

palmitic acids were the principal fatty acids in both free and 

bound lipids. Truce levels of myristic c:md behenic acids were 

found in free lipids. Chaudhat·y ( 19!31) a I so reported that the 

I inoleic, oleic and palmitic ncids VJcre the pt·incipL~I t:~cids in free 

I ipids. The satut·ated fatty <:JCids v~ried from 22.3 to 28.6 und 

unsuturuted fatty acids from 71.35 to 73.4% of total fc::tty acids 

of free lipids of three pcat·l millet vurieties. Linoleic ucid was 

the predomimmt unsatm·nted fatty acid which accounted for 46% 

of the total. Abdullahi and Rivistc:: (1988) reported that corn 

germ lipids contained lt6% linoleic, 3G% oleic and 13.5% palmitic 

acid. 1\ccording to ~aker et u I. (198G) whent, r.1nize and rice 

gcnrt oils contuincd high concentnJtion of unsatun:Jted fatty ncids 

i.e. 27.3, 27.0 and 17.8%, t·cspectively of oleic acid, 111.9, 39.9 

and 16.2% of linoleic, 2.4, 2.0 and 15.6% of linolenic and 73.0, 

68.7 and 71. 2%, respectively of tot<:JI unsaturated fatty <Kids. 

Stat·ch digestibility of pearl r.1illet hns been known to be 

very low. l•ccording to Mahajan. (198G} and k\hetarpnul (1988) starch 
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digestibility of pearl millet (mg r:1altose released/g) vvr:ls 12.0 and 

18.7, respectively. Yoon et al. (19o3) reported an increase in 

glycemic inde" as a result of improved sturch digestibility which. 

wus attributed to the reduction of phytic acid. 

Chauh~n et ul. (1936) reported that protein digestibility 

of pearl millet val"ied from 53 to G8 per cent. l~het8rpc:lUI (1988) 

found the protein digestibi I ity of 59.2% in pearl r.1i I let s8mple. 

Ramachandra ~ ~· (1977) determined the effect of dehulling 

of finger millet on ..!..!!. vitro protein digestibility (IVPD) and found 

significant diffet·ences in dnrk brown •.r~hole and dehulled seeds. 

It was noticed that dehulling increased the IVPD. Pc:Jwc:Jr and Parlikar 

{1990) studied the effect of dehulling c:Jnd soaking on in vitr·o protein 

digestibility of pearl millet. They observed the signific<:Jnt increase 

in IVPD from 66.3 to 82.8% after dehulling c:Jnd souking. 

2. 2 Antinutrients 

The. gr·ay pigmentc:Jtion of pearl mi I let is due to the pr·esence 

of polyphenols. Polyphenols are predominantly located in the 

peripheral area of the seed. Vegetable tannins c:::re defined ns 

water soluble phenolic compounds having molecula1· ~·,eights between 

500 c::md 3,000 and besides givin~1 the usunl phenolic r·enctions, 

these have special properties st,ch ClS the <:1bility to precipitate 

alkaloids, gelatin and other proteins. t.ccor·ding to Locmis (1969) 

as much as 33% protein mc:Jy be bound to phenolic::; through hydr·ogen 

bonding by which mechc:Jnism pli:lnt cnzyrncs mny be inuctivated or· 

prec i pi tc:Jted. An Dppreciable amount of polyphenols of 788 c:Jnd 
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761 mg/100 9 hus been reported by 1'.-iah<.:jun (1935) unc.l J(hetnrpnul 

(1938) in peurl mi I let fl ou:· which rol<J '/ pnt·t I y <:lCCOUnt for its 

relatively low nutritive vnlue. 

·ihe possible effects of seed coat polyphenol ics on the 

nutritionwl quD I i ty of pt·otein has been 1·eported by Eli.::s et CJI. 

(1979). f.:csu Its obtai ned ~u~ge!:ited tl1nt the pigments present 

in the seed coat contained high levels of tannins <mel othc1· 1·elated 

poI ypheno Is. Polyphenols c<Jn re<Jct with protein dect·easing their 

digestibility und thet·efore, their qunlity {rlaslc:m, 1974; Gressani 

and Elias, 1930), nnd also h<::ve been shown to inhibit the r:ctivity 

of digestive enzymes especinlly trypsin und amyluse (Tumir LJnd 

1\ I u r.1 e t, 1 9 G 9 ; G r i f fi t h s, 1 9 7 9 ; S i n g h, 1 913 4 ) • Polyphenols and 

their oxidation products hnve known to react with protein; und 

mny huve three modes of reaction CJS suguested by Hulse et nl. 

(1980). These are a} h'jdt·ogen bonds betm;en m; gt·oups in 

the tannins c.:nd receptot· gt·oups {e.9. NH, S:i and CJ-;) in the proteins, 

b) ion bonds between anionic gt·oups in the tannins ;::nd cationic 

groups in the protein and c) ccvolent linknge between quinones 

nnd v<Jrious reactive groups in the protein. 

Watson et al. (19/5) !:ipeculated that the insolubility of 

~glucosidnse and amylase might be due to formC1tion of insoluble 

complexes between the tannins nnd the enzymes. 

1-<cichct·t (1979} reported th.:Jt the pH sensitive pigcrnents 

in pearl r.1i I let are important from un aesthetic: o;nd nutt·itional 

point of view. Pearl millet seeds of many VQrieties 2re dark 

grny or yellow in coloUI·. This pigmentation is markedly t·educed 



1 '() 

by the traditional practice of soakingdehulled seeds in sour milk 

or in ~queous extract of tamnrind (tnrtcwic acic.i). Dehulling is 

an important pre-requisite to rapid ~bsorption of acid. Without 

any dehulling, whitening of the pearl millet grain 1·equires upto 

25 h becmrse acid is only absorbed through the areas of the seed 

around the embryo. Dehulled seeds vJhiten rapidly (5-10 min 

at 90% extraction} becnuse acid is nbsorbed through nil nreas 

where the hu II hns been crnckcd. /\ccot·ding to Panw<:JI und Pmvur 

(1989} llCI was most effective bleaching <::gent which removed pig-

mcnts in the pcurl millet to the extent of 74.3% during 24 h soaking 

time. Pcnvar und Parlikar (1990} reported that polyphcnolic pig-

ments were reduced to 66.9 to 71.3 per cent in grnins dehulled 

and soaked in 0.2N HCI from 20 to 45 min against 67.6% in grains 

dehu II ed and soaked in water for 1 5 h. 

Chibbar et al. (1978) fopund thnt during clehulling of 

sorghum (DR 64) by Hi II thrnshet· abt·asion mi II nbout 24% by 

weight of each grain was removed; 7L!% of the t<:Jnnin \-.ras removed, 

accompunicd by a loss of 1-2% protein content. The tannin content 

of RS 626 (low tannin sorghum) fell by SC%. 

Price et al. (1979) reported that so~·glwm tannins appears 

to be rencti vc 2nd ens i I y modi ficd to forms v1hich don't respond 

to chemical tests for tannin. "(r·c<::tments used i.Jy them were steam 

nnd dt·y hent, nmmonintion wnd <Jqueous solutions of ~:20~l and K -
2 

Treatments in the absence of wc:Jter we~·e relntivcly less 

effective than compurable trentments with "dcied rnoistw·e. Most 

of the tt·eutments decre<:lsed the level of tannin, as meusured by 

chemical tests, to 10-50% of the originc:JI level. 
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When seeds of pearl millet were dehulled by ~oaldng for 

min in cone H 2S04 followed by wc:shing in \vc:ter, c:nd rubbing 

off the pericarp by hund, 80% of the total phenols and neurly 

90% of the tLJnnins were removed 111ith con~esponding increase in 

..!..!!_ vitro protein digestibility. Addition of tLJnnic acid to dehulled 

penrl mi I let flour ulso lower·ed the IVPD but not to the zc:me e;{tent 

ns in whole seed snmples. i\.umnchandt~n et <JI. (1977) suggested 

that this difference could be clue to the loss en dehull ing of other 

polyphcnol ic compounds present in the seed coCJt. 

Dcv i z nnd Hoscney ( 1979) suggested that the !>e I ecti ve absor-

ption of polyphenol ic substances occurs by sorghum starch. Desh-

pande CJnd Snlunkhe (1982) ascribed the lowered in vitr~o starch 

digestibility of legumes to theit~ tnnnin cbsorption. Thompson 

et n I. (1984) found a negutive cor·relution betvJcen glycemic index 

CJnd concentr·ation of tot~ I poI ypheno Is. The uddition of tannic 

acid and phytic acid reduced the stCJrch digestibility by 13 CJnd 

GO per cent after~ 5 h, ,~espcctively. Combined t<mnic and phytic 

acid reduced the digestibility CJt CJ level (63%) which did not 

differ significantly from that v>ith only phytic acid. 

Phytic acid, myo-ino!:iitol 1, 2, 3, 1!, 5, 6-he:><c:kis (dihy-

drogen phosphCJte) is one of the vJidespn~c::d occur-renc2s in grains 

(O'Dell et nl., 1972). 

Importance cf phytic acicl in nu~:r-ition lie:: in its pr·opcr·ty 

of fonning insoluble or· ncc:.rly insoluble compounds with mincrcl 

elements including calcium, it·on, r.1r.gnesium ancl zinc, the 1·esultant 
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phytutes being c;,creted in fueces ( Gont:;:ca <:Jnd Sutzescu 1968). 

It is iJ form of storuge cuti ons as we II us phosphor·us in many 

seeds (Asnda et ul., 1969). Pl1ytic acid occLws primurily in 

the outer seed coats and germ of plant seeds ( Oberl e<Js, 1 973) 0 

More than half of the phosphorus in ccrwa Is is reported to be 

present in the form of phytic <Jcid ( Gopu Inn et u I., 1 9 81 } which 

is not avnilablc in the human system. Courtois and Perles ( 1 9 5 L!) 

found 177 to 208 phytin i:l (rng/100 g) in penr·i millet varieties. 

Chm.:han et a I. (1986) r·eported o wide varintion in phytnte content 

(594 to 1040 mg/100 g) among pearl millet vurieties. 

The qunntity of phytic acid in cerculs pr·oducts depends 

ton ln•·gc extent on the milling p1·occss ;:md the extent to rthich 

bran and germ are separated from the endosperm. 

VJnng ct nl. (1959) C)c;::r.lincd the distt·ibution of phytin 

P and of phytic acid in seven samples of soqJhur.L 

sorghum l'erncls were fr.::ctiont:Jted by u proccs:.. of debranning, 

grinding, sct·eening, air unci gravity separation. The fractions 

obtuined were germ (embryo), br;:;n (seed coat layers), grits (endo-

sperm) c:;nd mill fines endosperr.1 r.~ixecl with germ nne! brun segments 

which were annlysecl for soluble p, phytin P, unci total P. Fhytic 

acid equivalent r;as culculntecl .from phytin P using a fuctor of 

3.5S. Phytic acid was found r.1cD:imum in germ ranging from 1920 

to 680 mg/100 g followed by G70 to 1920 mg/100 gin brc::n. Grit 

contcincd only 70-GiiO mg/100 9 <JS ccr;1poreci to 710 to 1110 r.1g/100 

9 in vJholc gruin. 



1.9 

Endosperm of wheat nnd r·ice keJ~nels is c:Jir.lOst devoid of 

phytic acid, becuuse it is concentJ~c:;tcd in the genn und Gleurone 

lnyeJ~s (pedcwl~p) of the kc1·nel cells. Corn cl i ffers from most 

other studied cereals in that 88% of the phytic acid is concentrated 

in the germ portion of the kenrel (O'Dell~ <:!I., 1972). Bec<Juse 

most of the phytic c.;cid in ce~als is locc:ted in the nlelwone layers 

(bn:m), milling of cereals anc; subsequent sepan1tion of brnn ,~esults 

in significL~nt reduction of phytic .::cid in flours. Gf tile total 

0.91J and 0.97% phytic acid of the vJhole whc<:lt and rye, 0.85 

ilnd 0.61% vJc:.s present in bt·un nne 0.20 und 0.33% in flour of r1hcat 

and rye, ,~espectively, when they were mi lied by 3rc:Jbendct· Quard-

rur.wt Jurdot· mill (Heddy, 197G). Corn endospct·m had small amounts 

(3.2%) of phytic <Jcid but the mnjor portion of phytic acid w<:s 

in <Jieurone lilyer·s. In rice, 84.0 to 88.0% of the tot<Jl phytic 

ncid V/<J!> repor·ted to be in bn:m (i\esutTcccion ct ~., 1979). 

Phytic ncid and phyt<Jtcs r~W/' be dccor.1poscd by i:he enzyr11e 

phyt<Jsc to p1~oduce i nos i tal ;::nd phosphoric ucid. Phytc:.se is 

unequully distributed through the g1·win in ~omev1h~t the s~mc 

rnunncr as phytic acid. Giri (1938) st2.tec.i the fJhyt<:Jsc c:;ctivity 

of sorghum 0.76, pe;:wl r.1illet 0.17, whole wheat 0.12 c:ncJ rice 

0.03. Courtois und Perles (195!.;) ;::dso ,·epot·ted phyt<Jse uctivity 

of sorghum und pearl millet')\. Puw<::r L~ncl Put·likar (1990) studied 

the cor.1bi ned effect of dehu IIi ng ~ncl 0. 21-J hC I so;:::k i ng on phytc::te 

content of pe;::rl r;lillct gr<.Jins. TheIr t·csul ts shov1ed the phytnte 

:.J clcct·cLJscd fr·om 1.35 to 0.3:> r:1u/g dtcr· cJehulling c:md soaking. 

The remov<JI of phytc:;te \"Jus obse,~ved to be r,1ore in s2r.1plcs dehulled 

and soaked than the samples only dehullecl. fu t·the r, the study 

sllO\Jccl th.-:t during sowldng, phyt<1tc being soluble in .::qucous solut-
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ions t:Jt lower pH values got destroyed by phytase. 

Satterlee und l1bdul ICadar (1983) found that reducing the 

phytatc content ,~esulted in significz;nt improvement of pt·otcin nutri-

tionnl qunlity of wheDt bran os dcmonstr~tcd by both the rat-

bionssDy and~ vitro protein digestibility. 

Phytute bit~ vliti1 vcrious ~sscntinl r.1ctuls, nnd reduces 

their nv.::ii.::Jbility abso rptior; ft·om tfte diet (Ciwry<:m, 1980; tvlaga, 

1982; rledriy ~rd., 1982; \'lise, 1903) nncl rcnb~o1·ption nftcr thei1· 

secretion in digestive juices (l>avie:::; .:md ilightingDic, 1975). 

Oberlcns { 1973) pointed out tll<.Jt phytate formution depends 

on pil as well ns on the presence of seccndnry ions such as calcium 

Certainly cnlcium, iron, .:inc, mungnncse and copper cnn be converted 

to insoluble phytates nnd thus rendered nutritionally unavailable. 

2.3 Milling 

Cast Dnd 1".dri un ( 1 %5) und hc!t·i <Jn et u I. ( 1%7) used three 

r.1illing methods for pea1·1 millet. 

i) lr<Jditional pestle end 1~1ot·t~1· pounding 

i i) mechanicL:JI commerciL:ll mi II ing by SOTRM.11L (Societi 

de transfornwtion du r.1ill, i.:inder, i~iger) 

iii) mec!lCJnicnl r.1illill£i by S:?I/.L (Societe ci'citudcr ct d' 

e~'ploitntion de p1~oceC:cs poll!' l indusl:rie 2lir.1entwi1·e) 

?estle and morte1r g1·indi:19 1%7) produced 

an edible fraction rcpresentin9 05"" of vJhole grain. 
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SGYI~fvill U!jeS ciecorticatinu ("brasive) r·olls followed by 

a h<:~mr.1er mill to give a flour· of 65-70% extraction r·ate. 

SEPI/--.L process r.l<:Jkes use of peeling-decortic~ticn. The 

conditioned grains are 'reeled' in an c:ppc::Jrc:tus with u vertical 

;::xis v;ith puddles, the ;:oction of which is sufficient to detach 

the moistened per·icur·p lcnving the lr:yer·s int;::ct. The pericarp 

is then scparnted from the grains by brushes or· aspiration. 

The 'decortication• is cnrr·ied out by u vigor·ous rubbing in iJ 

brushing m<Jchine.· Decnuse of the pr·eceding 'peeling• this brushing 

is sufficient to remove the remainin~ outer coat. This procedur·e 

gives <:1 11 protein-rich fraction 11 and decorticated grain. The rrodu-

cts of the SEPif1L process, us % of \'Jhole gr·ain \;er·e 

i-'e;::leci gr·uin 

Decorticated gr<:~in 

Pr·otein rich frnction 

( '0 ) 
iOO 

92.5 

84.0 

8.5 

Under· the microscope the protein-r-ich fr<Jction \'Jas seen 

to consist of the aleurone <:md r:djCJcent layers \Vith 2 f<Jir· proportion 

of the geJTn nnd scutellum (J.drian et 21., 1975). De vii t and 

Sdw1argurt (1970) described how a r·icc mi II was used to remove 

the br<:Jn by abr<:Jsion fror.1 cleaned peurl millet followec.l by reduction 

in a nc:mmer or pin-disc rni II. 

t(uricn et <:JI. (195~) scpLJr·;::tcd the husk and the endosperm 

of finger mi I let by u wet pnKcssin~ technique. 
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wa~ soilkcd fo1· 24 h, ther. crushed in n ~tone g1·inde1·. l'he ground 

muteri<JI rJ<JS suspended in the soak r:atcr nnd fi I tercel through 

a 100-mesh sieve. The residue husk rernnining on the sieve \'/LJS 

nlrnost f1·ec fror.1 starch endosperm. 

Kuricn and Desikacha1· {1962) found that moistening finger 

mi I let with 3-7% water for about 2h, followed by grinding 

in a ~viley mill, produced fractions high in husk.A technique of 

wet pt·ocessing was evolved by \'lhich the grain with originnl 

moisture content of 11% V/CJS steumecl with 5% c'~tt·a wutet· fot· v<Jrious 

pet·iods. f,fter cooling to t·oor.l t~rnp, tltc groin \'Jc;s r.1illcd (\'jjfey 

mill} using first 2 mm sct·een. The ground product was pvssed 

through 60-rnesh sieve und dcsignnted frr:ction I. "'i"he n~sidue 

was again Wiley r.1illed using mm screen and designated fraction 

II A steaming period of 2 min \·;as found to give mmdmum flour 

yield, 35% frc:ction I ~mel 34% fn:1etion II. 

coloured nnd contained most of the husk. 

The n~sidue \'Jus highly 

Kurien and Desikachnr (196G) trcntcd a lii<Jrkct sumple of 

finger millet v;ith vnrious levels 

The compared s<Jrnples included: 

10 min, iii) 5% water for 30 min, 

of C~ddccJ rnoistu1·c befo1·e milling. 

i) untrented, ii) 3% WDte1· fat· 

iv) 10% wnter for 45 min, y) 

5% wnter, then steamed for 2 min, vi ) s te<:lmed for 2 min nnd 

vii) dried to 3% moisture, then cdclecf 5% water for 15 min. The 

fractions for· three break t·olls, the tht·ec ,-eduction 1·olls, r:nd 

the residues (shuts cmd husl<s) r1e1·e collecteo sepCJr<Jtely fr·om 
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the Buhler Laboratory mill. The t1·entment (iii) gave r;1<Jximum yield 

of flour (break and reduction rolls) vJith maximur.1 colour. Treatment 

(ii), moisture below 5% g<we a coloured flour with high fibre content. 

Treatment ( iv), 10% moisture and stenming and treatments (v) <Jnd 

(vi), steaming, reduced flour yield; treatment (vii) gave a high 

yield (74%) of flour, containing a small amount of pulverized husk. 

Reichert and Youngs (1976) reported that on the basis of 

relative efficiencies in terms of colour remov~ll, ket·nel ct·acking 

and through put, the Hill gruin thresher (abrasion mill) VJClS to 

be preferred to the attrition mill. The abrasion mill also had advan­

tages in relative size, maintenance requirements and relntive simplicity 

for a village scale milling operation. 

Reichert and Youngs ( 1977) studied the following processes 

of transformation. 

i) traditional dehulling using a \vooden pestle in c:J metal beaker, 

20% by weight of water adcJed before pounding in the mortar, 

air-drying and winnowing to remove the bnm and othet· fines. 

The process was repeated twice to remove the npprox imately 

a) 10 b) 25 and c) 45% kernel. 

ii) mechanical dehulling in <J Strong Scott barley pearler 

iii) mechanical dehulling with a Palyi Compact milling system 

(attrition type) 

iv) mechanical dehulling with a Hill grain thresher (abrasive 

type) 
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The comparative dehu IIi ng efficiencies of the I ast three 

were discussed by Reichert and Youngs ( 1977) who stated that i i) 

and iv) were superior to iii). The Palyi Compact ,r:;1ill as described 

by deMan et al. (1973) was modified to include c:m adjustable covet· 

plate to control the exit of grains from the cylinclerical head. 

In the barley pearler, the metc:ll sct·een surrounding the single carbo­

randum stone was covered with a thin piece of t·ubbet· to prevent 

the passing of sma II seeds. 

To remove the outer layers (per·icarp) of the sorghum and 

mi I let, a separate decortication process, the Eurafric M 164 decor­

ticator (Anon, 1969) was used. This consists of a metal carborandum 

coated cone with a conical rotor; the degree of decortication is 

regulated by adjusting the distance between the rotor and the cone. 

On leaving the cone, the bran and decorticated grain are thrown 

into a cyl inder-ical sieve with brushes; the coarse brnn is separated 

from the decorticated by aspiration. 

Perten (1977) reported that soft wheat, pearl millet and 

sorghum gave different results v1hen tempet·ed to 1 G% moistur-e content 

and then mi lied in a Buhler Laboratory roller MLU 202 with three 

breaks and three reduction r·o II s. The sorghum brans were more 

easily pulverized than thewheat brt:ln and appet:lred more prominently 

in the fine flour than in the course. 

Chibber et al. (1973) suggested that Hill thresher caused 

both chipping and shearing of the kcr·ncl <Jnd removed not only 
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the outer br<m layers but also some of the endosperm and embryo 

when ·sorghum was passed severAal times through a Hi II thresher 

abrasion mill. 

Traditional milling of millet is 

usc of a mortar and pestle to remove 

and slightly wet (tempered) grains are 

by pounding. Pounding is 

the outer bran. Both dry 

used. A ftcr pounding, the 

outer can be removed by winnowing (Vogel and Graham, 1979). 

mills 

Another traditional milling 

and sadd I e stones with 

is the use of hand-operated stone 

sufficient ski I I, 

The 

the operator can 

bran is t·emoved produce meal of control led particle size. 

by winnowing. In traditional r.1illing, the separation generally 

involves removing on I y the outer part of the bran. The peri carp 

tends to separate in the mesoc3 rp I ayer·, so 0 consider· Cl b I e part 

of btAan remains attached to the endosperm and germ ( Hoseney et 

~-· 1981). 

The objective of dry mi II ing is to separnte the grain into 

bran includes the pericarp, testa and its ana tom i ca I parts. The 

aleurone. If the germ was 

the 

be 

endosperm would be 

reduced to the desired 

obtained as a separate and intact entity, 

then free from contamination and could 

purticl e size. Hubbard et a I. (1950) 

manually dissected sorghum and reported the yield ranges from 

80-85%. 

In genera I the grain is tempered to make the bran tough 

<md rubbery so that it will not grind easily. Tempering is also 

usefu I because it makes the endosperm soft and frag i I e. 
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Degermination is an important factor in sorghum dry mi 11 ing. 

The germ is high in oils and must be removed if the flour gr·its 

are to be stored. Hahn ( 1969) recommended tempering and impact 

milling. The germ can be separated from the grits of the kernel 

if not broken into small pieces. 

Abdelrahman et ~· (1983) developed a simple milling system 

using roller mills, for providing low-fat grits from pearl millet. 

Average yield of grits was 61% with n fnt content of 1.20%. The 

system involved decot·ticating the grain, tempering to 22% moistut·e, 

and single-pass milling on finely corrugated rolls. The germ was 

more eas i I y separated from the grain when the tempering moisture 

incrensed. Short tempering time gave better separution of g~rm 

and endosperm and, thus, better yield of low fat grits. Tempering 

was beneficial in producing grits or flour of smnll purticle size. 

Bookwalter et a I. (1987) used two diffen~nt pairs of Allis 

Chalmers corrugated rolls to reduce whole millet with or without 

temper water to desired particle sizes. A I aboratot·y sifter and 

nn as pi rntor were used to separate m i lied particles into medium 

and fine grits, flours, germ, hulls and shorts pr·ior to either remi II-

ing or separating into final products. 

Mistry and Eckhoff (1992} developed an alkali debranning 

process for yellow dent corn to obtain corn bran without disintegrat-

ing or splitting the kernel. Sodium hydroxide was found to be 

most effective alknli for loosening the pcricnrp of the kernel and 

subsequent! y separating it in a hydt·oabrasor I eavi ng the kernel 

absolutely free from pericarp. 
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Desikachar (1986) found that short prior moist conditioning 

of sorghum grain with 2-3% moisture ennbled removal of the brnn 

by an nbrasive m<:Jchine similar to thut used in rice milling. 

A stepwise process for treatment of wheat as an adjunct 

to conventional milling was described by Posner et al. (1986). 

The. process premits recovery 

embryo· nnd scutellm:1, thereby 

of substantial quantity of wheat 

inct·easing yield of premium. germ 

while enhancing storability of the t·esultant flour by virtue of remo­

val of high oi I germ fractions. The process involves initial 

tempering of wheat followed by impact scouring to remove intact 

embryo; deembryonated wheat is subjected to a second tempering 

step prior to milling. 

Defrancisco et al. (1982) studied the behaviout· of pearl 

m iII et und sorghum with Shephet·ds' modification of Udy cyclone 

mi II. 

tion, 

Sorghum bran was removed in 

and pearl m i I let was removed 

large flakes during decortica-

in smaller flakes. Neither 

sorghum nor pearl mi I let was degermed during decortication. 

Perten (1983) found differences in milling characteristics 

of wheat, sorghum and mi I let when they were ground in a hammer 

mill under the same conditions without tempering. The whole flour 

(100% extraction rate) was separated into fine and coarse fractions 

by sieving on a sieve with 125 um openings. Sorghum and mi II et 

flours contained more ash and fat tn fine than in coarse fraction 

because the fine fr<:Jction contained more bran and germ-contrary 
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to what occurred in wheat, which had higher ash and felt content 

in the coarse particles. The bran coat and part of the germ of 

sorghum and millet are easily pulverized to a fine powder, which 

is difficult to separate from the flour by sieving. UMS (United 

Milling Systems A/s) sorghum/millet dehuller hns been introduced 

by Gamble Carlsberg viz,. 8, Denmark. Its impo1·tant pe1rt is the 

retrieval of endosperm chuncks in the bran flour by the centrifugal 

and air sifters. 

2. q Storabi lity 

Pee1rl mi I let, a small seeded tear-sh<lped grain weighs appro­

ximately one third that of grain sorghum. The germ comprises 

Cl major portion of the kernel and contains the largest proportion 

of I ipid m<:~terial. The tote1l I ipid content averages 7% and I ipids 

are composed of approximntely 70% unsaturated fatty acids. Hydro-

lytic and oxidative changes in I ipids <:~re responsible for the poor 

storage quality of milled pearl millet. 

Pearl millet 

if 

can 

the 

be stored for long periods without dramatic 

kernels remain intnct but once the grain qu<:~lity changes 

is subjected to grinding, the rre al quality l"<lpidly deteriorates. 

The solution of the store1ge instilbi I ity of mi lied pearl mil let I ies, 

therefore, in developing mi II ing processes that remove the major 

I ipid containing portions of the 

layers). 

gr<:~in (i.e. ge1·m and the covering 

lnspite of greater availability, lovJ cost and comparatively 

good nutl"itional value, use of peurl millet in food industry is very 
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low as compared to other cereals. Pearl mi I let flour develops 

unpleasant odour and often a bittet· taste when stored for more 

than 7-10 days. 

Carnovale and Quaglia ( 1973) suggested that the rapid deterio-

ration of quality of peat·l millet flour during storage for 3 months 

stems mainly ft·om hydrolytic rather than oxidative decomposition 

of lipids. They also noted changes in fatty acid composition in 

their millet flours during storage. Palmatic acid le .. vel decreased 

by 2.2 to 4.5 per cent while levels of steal"ic, oleic and linolenic 

acids dec I i ned to a lesser degree during the storage. But linolenic 

acid levels in free-lipid fraction increased during storage. 

Lai and Varriano-Marston (1980) found the changes in sensory 

attributes (odour), mould count, fatty acid composition, total titrable 

acidity and pet·oxide Value when pearl mi I let meal was stored at 

19°C, 58 per cent relative humidity, and ilt 42°C, 75 

per cent t·elative humidity. 

Chaudhary ( 1981) found thut the maxi mum increase in free & 

acid 
fatty fcontent (ranging from 8.60 to 12.87 per cent) during storage 

was in flour stored in gunny bag and minimum in samples stored 

in polythene ba~. The amounts of free fatty acids in flour of 

HC 6 were higher thim in the flours of other two pearl millet varie-

ties undet· all storage conditions. There was 39 to 92 per cent 

increase in the fat ncidity during storage. The data fut"ther showed 

that HC 6 which contained the highest free fatty acid content had 

become more rancid as revealed by maximum increase of peroxide 
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value. Storage conditions enhanced the lipase activity in all flour 

samples. 

According to Kaced et al. (1984) increase in fat acidity 

and peroxide values indicated that millet rapidly became rancid 

after it was ground. Fat acidity and peroxide value of stored 

whole pearl millet grain did not vary significantly over the same 

time period showing that deterioration occurred more rapidly in 

ground millet than in whole grain. When millet meal was stored 

in polythene bags, the peroxide value increased rapidly and appeared 

to signal the start of rancidity. Howevet·, pearl millet meal stored 

in cotton bags showed no peroxide accumulation. Free fatty acids 

and fat-acidity data indicuted that all the acidity produced during 

stor·age was the result of free fatty acids. The pr·oportions in 

which free fatty .c:Jcids were released were similar to those found 

in total fatty acids. Therefore, the hydrolytic action of lipuse 

appeared to be random. Total fatty acids did not significantly 

change as Cl result of storage. Thus, no significant oxidative degra­

dation of fatty acids occun·ed during storage. Reconstitution studies 

of millet meal and whec1t meal and their lipid showed that the 

fat content was the major factor contributing to rapid increase of 

fat acidity in ground millet. 

Patel and Parameshwat·n ( 1992) found that the moisture content 

of pearl 

flour did 

millet flour increased continuously during storage. The 

not develop off flavours possibly because the moisture 

was less than 12%, the critical moisture content required for develop-
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ment of off flavour. Their results showed that the lipase activity 

as well c:Js free fatty acid levels not only increased dut·ing storage 

but also showed high fluctuations as observed in I ipase activity 

during storage of oats and wheat. With progress in storC"Jge time, 

a continuous increase in peroxide value/levels was seen. 

Lai and Varriano-Marston (1980) in their histochemical studies 

on pearl millet indicated that lipase activity WCJS located mainly 

in the germ, pericarp, and aleurone and subaleurone layers. Decort-

ication procedures would probably reduce lipid changes during storage, 

but the germ remaining in decorticated kernels would assure continued 

oxidative and I ipolytic activity. 

Nichaev et al. (1972a,b,c) studied lipase and lipoxygenase 

activities in stored oats and attributed storage losses of 18:2 to 

lipoxygenase oxidation. Lipase activity in oats increased during 

storage (Kazakov et al., 1972), with TG being the main substrate 

(Salun and Kalugina, 1974). 

Gardner and Inglett (1971) studied the inactivation of I ipase, 

and I ipoxygenase in ro 11-cooked germ, these being the enzymes 

most likely to affect storage stability. Significant enzyme inactivat-

ion occut·red when the harvested gt·ain wCJs dt·ied. Cooking the 

germ on rolls heated at 124°C completely inactivated the enzymes ... 

Lipoxgenase wCJs the most heat-sensitive of enzymes studied. 

OhCJiiwal et al. (1991) reported I ipolytic and lipoxygenase 

changes in milled rice obtained from short, medium and long grain 
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varieties of paddy. Drying of paddy before storage lowered the 

free fatty acid content of mi II ed rice, apparent I y due to decreased 

lipolytic activity at low moistut·e levels. Free fatty acid content 

increased sig~ificantly during storage, due to lipolytic activity 

over a prolonged period. Drying of paddy before stot·age did not 

<lffect lipoxygennse activity, but activity inct·eased significantly 

during stor·age. Lipids nnd I ipolytic enzymes concentrated in 

the outer layers of the brown rice kernel (Barber, 1972; Kennedy 

et ~., 1974; Pomeranz ~ ~., 1975) ure the cuuse of lipolytic 

and oxidative rancidity problem in stored rice (Barbar, 1972; Ghat 

~ ~., 1975; Juliano, 1979). Deterioration is greatet· at higher 

tempertlture and moisture I eve Is (Matsuda and Hirayama, 1973; 

Sidhom et ;l!...!_., 1975b). For millet flour to have good storage 

quality, the grain must be decorticated to appr-oximately 20% and 

the flour must h<lve moisture content less than 10%. Under these 

conditions, millet flour can be kept for severa I months ( Perten 

et ul., 1983). --

Steeping prior to parboiling accelerates lipolysis before 

the I ipases are more or less completely inactivated by the heat 

of pnrboi I i ng (Carnacini et al., 1972). Lipolysis in milled rice 

bran is very rapid. Lipid inactivation can be achieved by heat 

treatments (Viraktamath and Desikachar, 1971). 

2. 5 Food products 

Food products can be pr·oduced ft·orn whole, cracked, or 

ground pearl mi I let. One of the commonest methods is to decorticate 
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(dehU.I:~ the kernel before grinding it to various particle sizes 

for 

thnt 

use in different products. 

two-thirds of the consumers 

Pushpamma and 

in the Indian 

Rao (1981) found 

state of Andhra 

Pradesh decorticated grain. In most areas of /1fr·ica, a significant 

portion of the pearl millet is dec;Oi"ticated. 

Rotis are unlenvened, flat breads made from pearl millet 

in India (Subramanian and Jambunnthan, 1980; Pushpammn und Rao, 

1981) •. Severa I stnndardi zed laboratot·y procedures have been 

proposed for use in evaluating sorghum and millet cultivars for 

roti quality (Murty and Subramanian, 1982; Olewink et al., 1984). 

The grain is often milled to produce a fine flour. The ground 

grain in sifted to removed course pieces nnd Wot·m wutct· is added 

to knead the dough .1he dough is thin hand pressed in to a thin 

wide circle and l::aka::l. Report pub I i shed by I CRI SAT ( 1986) on sorghum 

and mi I let elnborated the standar·di ze pr·ocedut·e for prepnration 

of thick ptt~rridge. The results showed that vnrying quantities of 

flour were cooked for different periods from to 15 m•in with 

an interval of 1 m·in. Varying quantities of water (40, 115, 48 

and 50 ml) wns also used. Based on the data, cooking lOg flour 

with 50 ml wuter for 7 min wus selected. PP.rridge quality 

was subjectively evaluated for ·Consistency using a scot·e of 1-5, 

where 1'was poor and SV.O...S excellent. PP.rridge quality of the 

cu ltivars DSA 74, SAD 448 und Faki aybad were rated high. 
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Kheterpau I ( 1988) prepared tiH-ee different types of Chappaties 

after the addition of raw pearl millet flour (Chappati A}, whole 

wheat flour (Chnppnti B) and whole whent flour nnd besan (Chappati 

C) to the fermented pearl millet flour. Jill the three types of 

chappaties were in the slightly liked category. 



MATERIALS AND METHODS 

3.1 Materials 

In order to have preliminary information on the range of lipid content 

of pearl millet grain, seeds of sixty high yielding strains were obtained from 

the Senior Bajra Breeder, Department of Plant Breeding, Haryana Agricultural 

University, Hisar. For various treatments and milling of the grains, seeds of 

HC-4 a commonly grown pearl millet cultivar of this area were procured from 

the Manager, Ilaryana Seed Development Corporation, Hisar. The seeds were 

pooled together, freed of extraneous matter and proceeded further for various 

treatments. 

3.2 Treatments 

Before the grains were milled through different milling machines, these 

were given different treatments including tempering, blanching, steeping in water, 

acid or alkali steeping followed by blanching. 

3.2. 1 Tempering 

After taking into account the moisture content of the grnins, n measured 

quantity of distilled water was added to the grains, so as to give the final moisture 

level of 12, 14 and 16% in the grains. For obtaining this, air-tight plastic 

containers were used. After addition of water by spraying gently, this contents 

in the plastic containers were thoroughly agitated and mixed. At each moisture 

level, moistened grains were kept in air·-tightly closed plastic containers for 2, 

4 and 6 h at room temperature. 

3.2.2 Blanching 

Distilled water was brought to boiling in an aluminium container. The 

seeds in the muslin cloth were loosely tied and then transferred to boiling water 
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and kept for 3, 6 and 9 min. After the blanching treatment, grains were spread 

on a sheet of paper and dried at room temperature to a constant moisture level 

(10-12% ). The dried grains were kept in air tight containers for further use. 

3.2.3 Steeping 

Grains were soaked in distilled water contained in an aluminium container 

for 3, 6 and 9 h. A grain to water ratio of 1:4 (w/v ) was taken. The soaked 

seeds were taken out of the water and spread over a sheet of paper and dried 

to a constant level of moisture ( 10-12%). 

3.2.4 Acid steeping and blanching 

Grains were soaked in 0.2N HCl contained in a glass container for 6 h. 

A grain to 0.2N HCl ratio of 1:4 ( w/v ) was taken. After draining off the HCl 

solution, grains were put in muslin cloth and shifted to boiling water and kept 

there for 3,6 and 9 min. The blanched grains were rinsed with water and spread 

over a sheet of paper and dried to a constant moisture level ( 10-12% ). 

3.2.5 Alkali steeping anrl blanching 

Grains were soaked in 0.5% Ca(OH)2 solution contained in a glass container 

for 6 h. A grain to solution ratio of 1:4 ( w/v ) was taken. After draining off 

the alkali solution, the grains were put in muslin cloth and shifted to boiling 

water and kept there for 3, 6 and 9 min. The blanched grains were rinsed with 

water and spread over a sheet of paper and dried to a constant level of moisture 

(10-12%). 

3.3 Milling equipments 

Strong Scott Barley Pearler ( Secdbur·o Equipment Co., Chicago, USA ), 

McGill No. 2 nnd 3 Rice Polisher ( Sccdbur·o Equirrncnt Co .. Chicngo, USA) in the 
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Department of Food Science and Technology, Punjab Agricultural University, 

Ludhiana and Tangential Abrasive Dehulling Device Venables Machine Works 

Ltd. Canada ) in the Department of Crop Science and Biochemistry, ICRISAT 

were employed for milling the treated and further processed pearl millet grains 

as discussed in section 3.21 to 3.25. 

3.3. 1 Barley pcarlcr 

Grains in this machine are abradded on a carborundum wheel fitted 

vertifically. Dehulled grain and husk arc collected in a receptacle and separated 

by sieving into dehulled grain and husk. 

Weighed 100 g sample and transferred to the receiving cup of the barley 

pearler. The barley pearler mill was switched on for 2-8 min. scouring time. 

Removed the dehulled grains from the mill and sieved it through 20/32 mesh size 

sieve to separate the husk_ and dehusking grains. Weighed the dehulled grains and 

calculated the per cent dehulled grain and husk. 

De hulled grain recovery (%) = -~~L<?..Lq~b.!1Jl~_9_g_!'_?_i_n_~---------x 1 0 0 
Wt of whole grain taken 

3.3.2 McGill No. 2 rice polisher 

The No. 2 instrument is equipped with a weight level assembly and 

strainless steel pressure cover. Sample weighing 100 g was inserted, pressure 

cover was closed and pressure was applied· for 1-4 min. The dehulled grains and 

husk were collected and separated by passing through a 20/32 mesh sieve. 

3.3.3 McGill No. 3 rice polisher 

A sample size as big as one kg can be milled with this instrument at 

a time. Milling pressure is controlled with iron weights in increments of 1/2 lb 
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Strong Scott Barley pearler 
( I ternaJ view ) 

Strong Scott Barley pcarler 
( External view ) 



McGill No. 2. l~icc Polisher 

McGill No. 3 !~icc Polisher 
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upto 10' lbs for a wide range of milling results. The interior surfaces of 

the instrument which are in contact with grain are hard chromeplated and 

rust free. Grains were put in and milled for 1 to 4 minute. 

3.3.4 Tangential abrasive dehulling device 

The dehuller TADD, model 4E-230 ( Manufacturers: Venables Machines 

Works Ltd. East Saskatoon, Saskatchewan, Canada ) is based on the principal 

of tangential abrasion. Abrasion is provided by a rotating horizontally 

mounted grinding wheel. Sample cup plate was positioned. The sample was 

put in bottomless sample cups which rests on the surface of the grinding 

wheel. The timer automatically controlled the duration of run, during which 

the grains rolled freely in the sample cups were dehulled and they came 

in contact with the grinding wheel. The grinding wheel also produced a 

uniform mixing action that moved the seeds from the bottom to the top 

of the sample cup. Dehulled grains were removed from the sample cups 

with a vaccum aspirating device, weighed and the weight loss ( 96) was 

designated as the yield of bran. 

3.4 Screening for fat content 

Seeds of 60 varieties of pearl millet and two fractions of milled 

grains obtained from milling ( 3.31 - 3.34 ) were screened for their fat 

content by Nuclear Magnetic Resonance ( NMR ) ( Medsen, 1976 ). 

3.5 Selection of treatments 

Depending upon the recovery of endosperm fraction and fat content 

of germ and endosperm grit fraction, the following treatments were selected 

for carrying out milling by the equipmcnts available and for fur·thcr· chemical, 



nutritional and storage studies on endosperm fraction. 

Barley pearler 

i- Tempering at 16% moisture level for 4 h. 

ii- Six min blanching. 

iii- Nine min. blanching 

iv- Six h steeping in 0.2N HCl followed by blanching for 9 min. 
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v- Six h steeping in 0.5% calcium hydroxide solution fol1owed by blanching 

for 9 min. 

McGill No. 3 Miller 

i- Tempering at 14% moisture level for 4 h. 

ii- Tempering at 16% moisture level for 2 h. 

iii- Tempering at 16% moisture level for 4 h. 

iv- Tempering at 16% moisture level for 6 h. 

v- Nine min blanching. 

vi- Six h steeping in 0.2N HCl followed by blanching for 9 min. 

For one group pearl millet grains as such without any treatment were 

milled by both the mills. 

The fractions obtained after milling the untreated and treated grains 

were stored in air tight plastic bottles in a deep freezer (-20°C ). 

3.6 Nutritional evaluation 

3.6. 1 Crude fat 

Crude fat was estimated by employing the standard method of analysis 

( AOAC, 1980) using the Soxhlet extraction apparatus. 

Procedure : 

Weighed about 5 g of dry sample and transferred it to an extraction 

thimble dried overnight at 105°C. Placed the thimble in a Soxhlet extractor 
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~ ' ~\ : 
, I . ; ,. ~ l ' . 

fitted with a condenset• nnd flask containing sufficient pelrolcurn ether·. The 

extraction \\'HS carried out for 6 h. After the extraction, thimble was removed 

with the sample from the extraction apparatus and dried in the hot air· oven 

to n constnnt weight. Cooled in a desiccator to room temper·ature and weighed. 

The loss in the weight of the thimble was the estimate of the ether extract in 

the sample. 

3.6.2 Ash 

Ash in the sample was estimated by employing the standard method 

of analysis ( AOAC, 1980). 

Procedure : 

Took 5 g oven dried sample in the weighed crucible. Ignited it till 

no charred particles remained in the crucible. Then put the crucible in muffle 

furnance ( 500°C) for 5-6 h or till a white ash was obtained. Cooled the 

crucible in a desiccator and weighed. The loss in weight represented the organic 

matter and residue, the ash content. 

3.6.3. Crude protein 

Reagents: 

i- N/100 H2SO4 

ii- Boric acid (4%) 

iii- Mixed indicator solution: Took 0.5 g bromocresol green and 0.1 g 

methyl red and dissolved in 100 ml 95% ethanol and adjusted the solution 

with drops of dilute NaOH or HCl to bluish purple colour. 

iv- NaOH (45%) 
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Procedure : 

Took 1 g sample and digested with 25 ml cone H2so4 and a pinch 

of digestion mixture. The nitrogen in ammonicel salt was distilled with 

45 percent NaOH in a Kjeldahl apparatus. The ammonia liberated was absorbed 

in 10 ml boric acid solution containing a few drops of mixed indicator and 

titrated against standard H
2
so4 (N/100 ). The end point was indicated by the 

change of colour. A factor 6.25 was applied to convert the amount of 

nitrogen to crude protein. 

3.6.3. 1 Non protein nitrogen ( NPN ) 

Non protein nitrogen was estimated by the method of Bhatty and 

Finlayson (1973) as modified by Singh and Jambunathan (1981). 

Reagents : 

10% TCA : Dissolved 10 g Trichloroacetic acid ( TCA ) in water 

and made to 100 ml. 

Procedure : 

Weighed 1 g defatted sample and transferred it to a centrifuge 

tube and added 15 m1 of 10% TCA; shook it for 1 h. Centrifuged the contents 

at 1000 rpm for 15 min. Washed the residue twice with 5 ml of 10% TCA 

solultion and saved the supernatant and made up final volurnc to 25 mi. 

Nitrogen content of supernatant was determined by Microkjeldahl method 

(AOAC, 1980). 

3.6.3.2 True protein nitrogen 

Non protein nitrogen was subtracted from the total protein nitrogen 

to work out the true protein nitrogen. A factor of 6.25 was used to convert 

TPN to true protein. 
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3.6.4 In vitro protein digestibility 

1.!:! vitro protein digestibility of protein was carried out by the method 

of Axtell et al. (1981) as modified by Mertz et al. (1983). 

Reagents : 

i- Pepsin reagent : 0.1 M KH 2PO 4 ( pH 2.0) containing 0.2% pepsin; 

dissolved 13.6 g potassium phosphate in1 lt water, adjusted pH of the 

solution to 2.0 and dissolved 2 g pepsin ( Sigma ) in the buffer . 

. ii- TCA (50%): Dissolved 50 g trichloroacetic acid in water and made up 

volume to 100 ml. 

Procedure : 

Weighed 250 ml sample and transferred it to a centrifuge tube.To it 20 ml 

of pepsin reagent was added. Stoppered the tubes and arranged them in a 

shaker-incubator maintaining the water temperature at 37°C for 3 h. Removed 

the centrifuge tubes and cooled them. Added 5 ml 50% TCA and centrifuged the 

contents at 10,000 rpm for 10 min at room temperature andfiltered if necessary. 

Digested 10 ml clear aliquot for nitrogen determination by microkjeldahl method 

(AOAC, 1980). Digested protein of sample was determined. Protein digestibility 

was calculated by following formula. 

Digested protein 
Protein digestibility (%) = --rat:-a:r-pr.-ofeln _________ x 1 0 0 

3.6.5 Available carbohydrates 

Total soluble sugars other than starch were extracted according to 

the procedure of Cerning and Guilhot (1973). 

Twenty five ml ethanol ( 80%) was added to 500 mg sample in a round 

bottomed flask connected to a condenser and kept on a heating mantle for 30 min 
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with occasional strirring. The extract was cooled, centrifuged at 8000 rpm 

for 30 min and supernatant was collected. The above procedure was repeated 

twice, each time extracting the residue in 25 ml of 80% ethanol. The combined 

extract in beaker was evaporated to dryness on a boiling water bath. The 

residue was dissolved in distilled water and made to 50 ml. 

3.6.5. 1 Total soluble sugars 

Total soluble sugars were estimated by the method of Yemm and 

Willis (1954). 

Reagents : 

i- Standard sugar solution: Twenty five mg glucose was dissolved in water 

and made to 100 ml. This solution contained 250 ug glucose per ml. 

For obtaining a standard curve, 0.1 to 1.0 ml of this solution was used. 

ii- Anthrone reagent (0.2% anthrone in 70% H2so4) This reagent was 

prepared freshly daily and allowed to stand for 30 to 40 min before 

use. 

Estimation : 

Ten ml freshly prepared anthrone reagent was pipetted in a test tube 

(150 x 25 mm ) and chilled in ice cold water. One ml sugar extract was taken 

and diluted to 10 ml with water. One ml of the diluted sugar extract was taken 

and layered on the acidic anthrone reagent. After cooling for 3 to 5 min, the 

contents were thoroughly mixed while still immersed in ice cold water. The 

contents in the tube were heated vigorously in a boiling water bath for 10 min 

and then immediately cooled in cold water. The absorbance was then read at 

625 nm in Spectronic-21 against a suitable blank. 



The amount of sugars was then determined by referring to a standard 

curve previously prepared with glucose. 

3.6.5.2 Reducing sugars 

1945 ). 

Reagents 

Reducing sugars were estimated by Somogy's modified method (Somogy, 

i- Copper r·eagent A : Twenty five g unhydr·ous sodium carbonate, 25 g 

potassium sodium tartarate, 20 g sodium bicarbonate and 200 g anhydrous 

sodium sulphate were dissolved in about 800 ml distilled water and diluted 

to one litre. 

u- Copper reagent B : Fifteen g CuSO 4 was dissolved in 100 ml distilled 

water containing two drops of HCl. 

iii- Ar·senomolybdate reagent : Twenty five g ammonium molybdate was 

dissolved in 450 ml distilled water by wur·ming. Twenty one ml cone H2SO4 

was added with stirring. Three g sodium hydrogen arsenate was dissolved in 25 ml 

distilled water with stirring. The solution was kept in an incubator at 37°C 

for 24 h before use. This reagent was stored in a glass stoppered brown bottle. 

iv- Cooper reagents A and I3 were mixed in the ratio of 25:1 (v/v) before 

use. 

v- Standard sugar solution : Twenty five mg glucose was dissolved and 

made to 100 ml with water. This contained 250 ug glucose per ml. 

Estimation : 

One ml test extract was taken· in a blood sugar tube graduated at 

25 ml. One ml mixed copper· reagent ( iv) was added and then heated for 20 min. 

in a boiling water bath. To this, one ml of arsenomolybdate reagent was added, 

mixed thoroughly and the contents were diluted to 25 ml. A stable blue colour 
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appeared quickly which was read at 520 nm in Spectronic-21 against suitable 

blank. The amount of reducing sugar was then determined by referring to the 

glucose standard curve. 

3.6.5.3 Non-reducing sugars 

The amount of non-reducing sugars was calculated as the difference 

between total soluble sugars and reducing sugars. 

3.6.5.4 Starch 

Starch from the sugar free pellet was estimated by the method of 

Clegg (1956). 

Extraction : 

Five ml water was added to aforesaid residue of test material and 

while stirring 6.5 ml of 52% perchloric acid was added. The contents were 

stirred continuously for five min and then occasionally for next 15 min. To 

this 20 ml water was added and centrifuged at 8000 rpm for 20 min. The 

supernatant was settled in a 100 ml volumetric flask. Five ml water was added 

to the residue and repeated the extraction with 52% perchloric acid, stirrring 

occasionally for next 30 min. The contents of the tube were washed into a 

volumetric flask containing the test extract and made it to 100 ml with water. 

It was then filtered discarding first 5 ml of filtrate . A suitable aliquot of 

the extract was used for glucose estimation using anthrone reagent by the method 

of Yemm and Willis (1954). Starch was calculated by using the following formula: 

Starch = Glucose x 0.9 

3.6.5.5 Starch digestibility ( in vitro ) 

In vitro starch digestibility was assessed as per the method of Singh 

et al. (1982). 
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Reagents : 

i- 0.2M phosphate buffer ( pH 6.9 ) : Fifty ml 0.2M potassium dihydrogen 

phosphate was added to 46.8 ml 0.2M disodium hydr·ogen phosphate and 

made up to 200 ml. 

ii- Pancreatic amylase : Twenty mg pancreatic amylase ( Sigma Chemical 

Company, USA ) was dissolved in 50 ml 0.2M phosplwte buffer· (pH 6.9). 

iii- Dinitrosalicylic reagent: Ten g of 3,5-dinitrosalicylic acid, 300 g sodium po­

tllssium tartarate and 16 g NaOH were dissolved in carbondioxide free 

water and made to 1000 mi. The reagent was stored in brown bottle 

and protected from carbon dioxide .. 

iv- Standard maltose solution : One hundred mg maltose monohydrate was 

added in water and made up to 100 ml. 

Estimation 

A suitable amount of defatted sample ( 25 mg ) was dispersed in 

one ml 0.2 M phosphate buffer ( pH 6.9 ). Pancreatic amylase ( 0.5 rnl was 

added to sample suspension and incubated in water bath at 37°C for 211. After 

the incubation period was over, 2 ml dinitrosalicylic acid reagent was quickely 

added and the mixture was heated for 5 min in a boiling water bath. After 

cooling, the solution was made to 25 ml with distilled water and filtered prior 

to measurement of absorbance at 350 nm. A blank was run simultaneously by 

incubating the sample; the dinitrosalicylic acid reagent was added before addition 

of the enzyme solution. Maltose was used as standard and values were expressed 

as mg maltose released ·.' g defatted snmple. SUmdnrd wns prepnrecl by taking 

0.8 to 8 mg maltose from 11 standnrd mn I tos0 solution. 
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3.6.6 Total minerals : 

One g ground sample was taken in a 150 ml conical flask. To 

this 25-30 ml diacid mixture ( HN03: HClO 4 :: 5:1 v/v ) was added and kept 

overnight. Next day it was digested by heating till clear white precipitates 

settled down at the bottom. The crystals were dissolved by diluting in double 

distilled water. The contents were filtered through Whatman No. 42 filter 

paper. The filtrate was made to 50 ml with double distilled water and was 

used for determination of total Ca, P, Zn and Fe. 

3.6.6. 1 Phosphorus 

Phosphorus was determined colorimetrically by the method of Chen 

et al. (1956). 

Reagents : 

i- Ascorbic acid ( 10% ). 

ii- Ammonium molybdate ( 2.5% ). 

iii- Reagent C : Mixed 6N H2so4, water 2.5% ammonium molybdate 

and 10% ascorbic acid in the ratio of 1:2:1:1 (v/v ), respectively. This 

reagent was prepared fresh every day. 

ov- Standard phosphorus solution : Dissolved 0.351 g pure and dry anhydrous 

monopotassium dihydrogen orthophosphate in a few ml water and 

10 ml 10N H2so4. The volume was made to one litre with water. 

This stock solution contained 80 ug P/ml stock solution to one litre 

which served as working stand<~rd solution. It contained 2 ug P/ml. 

Two to three drops of chloroform were added for preserving the solution. 

Procedure : 

Pipetted a suitable aliquot ( 1 ml ) of the mineral extract in a test 

tube and made the volume to 4 ml with water. Added 4 ml reagent C and 
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mixed well. Incubated the contents at 37°C in a water bath for 90 min. 

Removed and allowed to cool to room temperature and read absorbance at 

820 nm against a suitable blank. Standard curve was plot ted using one to 

eight ug P." 

3.6.6.2 Calcium 

Calcium in the digested sample was determined by the Atomic 

Absorption, Spectrophotometer. 

3.6.6.3 Trace minerals 

Trace minerals including iron and zinc in acid digested samples were 

determined by the Atomic Absorption Spectrophotometer AA 120, in the 

Department of Soils, Haryana Agricultural University, Hisar according to the 

method of Lindsey and Norwell ( 1969). 

3.6.6.4 HCl extractable minerals 

Minerals including calcium, phosphorus, iron and zinc were extracted 

in 0.03N HCl ( Peterson ~ El_., 1943 ) and estimated in the extract to assess 

availability of these minerals in the samples. 

To one g sample, 50 ml 0.03N HCl was added. The mixture was 

incubated at 37°C in a shaker-cum-waterbath for three h to simulate 

conditions that occur in human stomach. The mixture was then filtered 

through an ashless filter paper ( Whatman No. 42 ). The filtrate was oven 

dried, digested in the diacid mixture and proceeded for the determination of 

individual minerals as in 3.6.6. 1 to 3.6.6.3. 

3.6.7 Fatty acid composition 

The lipids were extmcted by the method of lluber and Newman 

(1975). The5g flour was thoroughly mixed and then boiled for 3 min in choloroform 
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:methanol ( 2:1, v /v ) containing 2 drops of 0.1% BHT per 100 ml of 

chloroform : methanol mixture as an antioxident followed by grinding in a 

glass homogenisor. The homogenate was filtered and transferred to a 

separating funnel. The filtrate was washed by the method of Suzuki (1965). 

To the filtrate was added anhydrous sodium sulphate to remove any residual 

water. The lipid extract was used for further analysis. 

Fatty acids of total lipids of pearl millet flour wet·e convened into 

methyl esters by the method of Luddy ~ al. ( 1968 ). 

· Reagents : 

i- Sodium methylate ( 0.4N ): To 400 ml methanol moisture free ), 

added 4. 7 g metallic sodium slowly and in small amounts. When 

mixtures returned to room temperature, made the volume to 500 ml 

with methanol. 

ii- Carbon disulphide 

Procedure : 

One ml lipid extract was taken in a screw capped vial. The chloroform 

was evaporated to dryness by keeping the vial in waterbath at 70°C. Then 

0.25 ml 0.4N sodium methylate was added and the vial was capped. The 

vial was then immersed in waterbath at 65°C and shaken vigorously for 

30 sec. The heating was continued without shaking for additional one and 

half min. The fatty acid methyl esters so prepared were separated, identified 

and quantitated on a gas chromatograph with a flame ionisation detector. The 

column was 2 meter x 3.2 mm in size and packed with 20% DEGS on 100/120 

chromosorb W. Temperature at injection port, column nnd riD was 200, 1.80 

and 210°C, respectively. The peaks were identified by comparing the relative 
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retention times with those of reference fatty acids run on the same column 

under the same conditions. Relative peak areas were determined by multi­

plying the peak height with width of the peak at half height. 

3. 7 Storability : 

About 200 g bajra and fraction-! sample was ground to fine powder 

in a Cyclotec sample miii using 0.5 mm sieve. The flour so obtained was 

stored in air tight wide mouthed plastic bottles at 25, 30 and 35°C for 

15 and 30 days. After the storage period the samples were analysed for the 

following : 

i- Free fatty acids 

ii- Lipase activity 

iii- Fat acidity 

iv- Peroxide value 

v- Lipoxygenase activity 

v- Sensory evaluation. 

3.7. 1 Peroxide value 

Peroxide value was determined by the method of AOAC ( 1980). 

Reagents : 

i- Acetic acid : chloroform solution ( 3:2 v/v ). 

ii- Saturated potassium iodide solution. 

iii- 0.01N Sodium thiosulphate solution. 

iv- Starch solution : One g soluble starch was dissolved in cold 

distilled water to make thin paste. Then boiling distilled water was 

added and boiled for one min while stirring. When completely 

dissolved the volume was made to 100 ml. 
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Five g lipids were taken in conical flask. Thirty ml acetic acid 

chloroform mixture was added to the flask and swirled to dissolve. Then 

0.5 ml saturated potassium iodide solution was added, kept for one min 

with occasional shaking and 30 ml distilled water was added. This was 

slowly titrated against 0.01N sodium thiosulphate with vigorous shaking 

until yellow colour almost disappeared. Then 0.05 ml starch solution was 

added and titration continued shaking vigorously to release all iodine from 

chloroform layer until blue colour just disappeared. The blank was run in 

the similar way. Peroxide value as meq peroxide per 1000 g sample. 

where, 

= __ {~:?)_~~~-l~-~Q ________ _ 
Wt of sample 

B = Volume (ml ) of Na
2
s

2
o3 used for titration of blank, 

S = Volume )ml ) of Na
2
s

2
o3 used for titration of sample 

N = Normality of Na
2
s

2
o

3 
solution 

3. 7.2 Free fatty acids 

Free fatty acids in the fat were determined by method of American 

Oil Chemists Society (1981). 

Reagents : 

i- Sodium hydroxide (0.25N ) - Dissolved 10 g sodium hydroxide in 

water and made upto 1 It with water 

ii- Isopropyl alcohol (99~\J) - Neutralized isopr·opyl alcohol with 0.1N 

NaOII solution to a pink colour before adding to sample. 
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iii- Phenolphthalein indicator solution : Dissolved 1 g phenolphthalein in 

95% ethyl alcohol and made up volume to 100 mi. 

Procedure : 

Five g sample was taken into an Erlenmeyer flask. Fifty ml neutralized 

isopropyl alcohol was added to it and sample was dissolved completely. Phenol-

phthalein indicator was added and titrated against 0.25N NaOH to pink colour 

end point which persisted for 30 seconds. 

% FFA = ml X N X F X 100 

Sample wt x 1000 

where, 

ml = ml of NaOH required 

N = Normality of NaOH solution 

F = Equivalent wt (282 ) of FF A (Oleic acid ). 

3. 7.3 Lipase activity 

Lipase activity was expressed as the percentage of oleic acid on 

a fat basis using the AACC (1976) quick method for free fatty acids 

Lipase activity = 
% FFA 

---------------------------- X 1 0 0 
% Fat 

3. 7.4 Fat acidity : 

The fat acidity was determined by method of AOAC (1980). 
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Ten g sample was extracted with petroleum ether· on Soxhlet apparatus. 

The solvent of the extract was completely evaporated on steam bath. The 

residue was dissolved in extraction flask with 50 ml benzene-alcohol­

phenolphthalein solution and titrated with standard potassium hydroxide 

( 1 g/litre ) to orange pink colour. Blank titration was made on 50 ml 

benzene-alcohol phenolphthalein and this value was substracted from titration 

value of the sample. 

Path acidity was calculated as mg of potassium hydroxide required 

to neutralize free fa tty acids from 10 0 g flour. 

Faty acidity = 10 x (T-B ) 

where, 

T = ml KOH required to titrate sample ext. 

B = ml KOH required to titrate blank. 

3. 7.5 Lipoxygenase activity 

Lipoxygenase activity was determined using a modification of the 

method of Summer (1943). The enzyme extract was obtained by grinding 

5 g sample with 25 ml distilled water in a mortar and pestle. The sample 

was filtered through Whatman No. 1 filter paper and the filtrate was 

used as enzyme extract. Two ml enzyme extract was taken in a test tube 

and to this 10 ml ammonium thiocyanate ( 5% in 3% HCl ) and 2 ml ferrous 

ammonium sulphate ( 5% in 3% HCI ) were added. Absorbance was measured 

at 520 nm on a Spectronic-20 Spectrophtometer. Results were expressed as : 



Enzyme activity 
( ul of 0 2/g/min) = 

+++ 
Total Fe 

-------------------------------------- X 0. 2 8 6 6 
Time of reaction x Weight of 
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( min ) sample in enxyme extract 

3. 7.6 Sensory evaluation 

Sensory evaluation of stored samples were carried out by a panel 

of judges for colour and aroma using six point hedonic scale (Appendix -2). 

3.8 Utilization of milled fraction : 

Following types of products were prepared from milled pearl millet. 

3.8. 1 Chapati 

Ingredients 

Pearl millet flour 
(fraction -I) 

Water 

Salt 

Method 

= 100 g 

= To knead the dough 

= 1/4 tsp. 

Mixed the salt in pearl millet flour. Added water to knead the 

dough, rolled into chapati and baked it on the hot tawa. 

3.8.2 Porridge 

Ingredients 

Pearl millet (Fraction-!) = 50 g 

Milk = 100 rnl 

Wnter - 1 ()(} ml 

Sugar = 1 tbsp. 
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Method : 

Added pearl millet , milk and water in the pressure cooker. Added 

sugar to it and cooked at 15 psi for 15 min. Served hot. 

3.8.3 Khichdi : 

Ingredients 

Pearl millet Fraction -I) = 50 g 

Gramdal = 15 g 

Water = 200 ml 

Salt = 1 tsp. 

Red chill powder = A pinch 

Method : 

Soaked the pearl millet fraction-! for 10-20 min in water. Mixed 

pearl millet grain and water in pressure cooker. Added salt and chilly powder 

to it. Cooked at 15 psi for 15 minute. For whole pearl millet cooked it 

for 30 min. 

3.8.4 Pearl millet cake 

Ingredients : 

Pearl millet flour 
(Fraction-!) 

Sugar 

Hydrogenated vegetable oil 

Eggs 

l3aking powder· 

= 50 g 

= 50 g 

= 25 g 

= 2 No. 

1/4 tsp. 
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Method : 

Ground sugar finely in an electric grinder. Creamed sugar and 

egg. Sieved pearl millet flour and added baking power. to it. To this 

mixture oil was added. Poured the mixture in baking container and baked 

the cake in oven at 105°C for 15 min. 

3.8.5 Biscuits : 

Ingredients 

Pearl millet flour 
( Fraction -I ) 

Sugar 

Water 

Hydrogenated vegetable oil 

Ammonia powder (Ammonium 
chloride ) 

Baking powder 

Method : 

- 100 g 

- 75 g 

- 30 ml 

- 50 g 

1 
2 tsp 

- ~ tsp. 

Ground sugar finely in an electric mixer. Creamed sugar and 

hydrogenated vegetable oil. Sieved flour and added baking powder to it. 

To the creamed sugar and oil mixture, added flour and made a dough with 

the help of water. Added ammonia powder to the dough. Rolled it and 

cut into the shape of biscuits with the help of a cutter. Baked biscuits 

in the oven at 150°C for 15 min.· 

3.8.6 Organoleptic evaluation 

The products developed milled pearl millet were evaluated for colour, 

flavour, taste, texture and appearance by a sernitrained panel of judges 

deploying a 9 point hedonic scale as given in the Appendix-Ill. Average of 

the scores for all these characteristics was expressed as overall acceptability. 



57 

3.9 Statistical analysis : 

The data were subjected to statistical analysis for analysis of variance 

and correlation coefficients in a completely randomised design according the 

standard methods ( Panse and Sukhatme, 1961 ). 



RESULTS AND DISCUSSION 

The results of the study aimed at diversifying the uses 

and enhancing utilisation of peat·J millet grains have been presented 

and discussed under the foil owing heads and sub-heads. 

4. 1 

4.2 

4.3 

4. 3. 1 

4.3.1.1 

4.3.1.2 

4.3.1.3 

4.3.2 

4.3.3 

4.3.4 

4.3.5 

4.4 

4.5 

Screening of strains for fat content 

Milling and recovery of fractions 

Nutritional value of mi lied fractions 

Macronutri ents 

Fat and ash 

Crude protein, true protein and non- protein nitrogen 

Avai I able carbohydrates 

~vitro protein and starch digestibility 

Polyphenols and phytic ncid 

Minerals 

Fatty acid composition 

Storabi I ity 

Product development 

4.1 Screening of the strains for the fat content 

Sixty strains/varieties of pearl mi I let, including cultivar 

HC-4 the seeds of which v;ere used for r.1i II ing, nutritional evaluation 

of the fractions, storability and utilisation of the fractions in human 

humen diet, •.vere sct·eened for fat content by nucleilr magnetic resource 

(NMR). Fat content of whole grains ranged from 4. 6 to 9.6 g/100 

g (Appendix-!). As the seeds of the strain containing the highest 
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concentrations of fat were not available in sufficient amount for 
therefore the 

conducting the study,/ HC-4,/ most common cultivar in the state and 

containing medium level of fat, wus used in the investigCJtion. 

It Wi3S also obser·ved that there was u difference in the values 

of fat content determined by NMR and Soxhlet method; NMR values 

were relative! y higher. For exam pie, HC-4 showed 6. 03 and 6. 72 

per cent fat by Soxhlet and NMR methods, respectively. 

4.2 Milling and recovery of fractions 

The following mi lis were tested for separating germ, bran 

and endosperm of pearl mi I let grains. 

i) Tangential Abrasive Dehulling Device (TADD) 

i i) Scott Barley Pearler 

iii) Rice Polishers 

a) McGill Rice Polisher b) Rice Polisher ~o.t.o.~ 

4.2.1 Tangential Abrasive Dehull ing Device (TADD) 

Mi IIi ng by T ADD did not separate germ from the grain sat is-

factori ly. This observation rested on inubility of milling operations 

to dislodge germ and ct·eate groove in peurl millet gruin. On furthet· 

milling
1 

grains were abrased to a greater extent resulting in more 

removal of upper layer of endosperm and contuminating the bran 

with endosperm grits. Hence the deployment of this mi II for further 

study was abandoned. 

4.2.2 Scott Barley Pearler 

Pearl millet grains were milled using scour·ing time of 2, 

4, 6 and 8 min. Fraction r·epresenting endosper-m and fraction 

II containing major portions of bran ancl germ wcr·c collected sepa-
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rately. Fat content of both the fractions was expressed as g/ 100 

g and in absolute amount us g. Anticipating improved recoveries 

of the fractions and fat in fraction I I, the grains were given different 

treatments including tempering by raising moistut·e levels to 12, 

14 and 16% nnd conditioning the moistened grains 

h (Table 4.1). Besides tempering treatments, 

blanched in boiling water for 3, 6 and 9 min 

for 2, 4 and 6 

grnins were also 

with and without 

steeping in 0.2N HCI for 6 h. Recovery and fut content of the 

fractions were detet·mined (Table 4.2). Steeping grains in water 

for 3, G and 9 h and then mi II ing resulted in excessive breakage 

of grains und hence milling of steeped grains and furthet· study 

of the mi lied fractions was dropped. 

In untreated grains fraction and fraction II ufter milling 

for 2 min formed 90.0 and 9.8 per cent of grains and contained 

5.8 ad 10.7 per cent fat, respectively. 

II increased as scouring time was raised 

Proportion 

from 2 to 8 

of fraction 

min. In a 

similur way concentration of fat in fraction decreased and that 

in fraction 11 increased simultaneously with increase in scouring 

time (Table 'L 1). Grains aftct· tempering, blanching and steeping-:-

blanching showed almost the same trend in per cent 

fat content (%) of milled fractions (Tables 4.2 and 

recovery und 

4.3; Figs 1-3 

7 & 8) • At every moisture level i.e. 12, 14 and 16 per cent un 

increuse in tempering period resulted in lower recovery of fraction 

at a fixed scouring time. There was a gt·adual decrease in fraction 

recovery with an increase in scouring time at evet·y moisture 

level und tempering period. 

, 
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The highest concentt·ation of fat in fraction II i.e. 16.4 

per cent was found when grains at 16 per cent moisture level were 

tempered for 4 h and milled in bnrley pearler fot· 6 min. Recovery 

of fraction was also quite high i.e. 84.7 per cent (Table 4.1) 

Acid steeped (6 h) grains 

for 8 min yielded fraction 

recovery of fraction was 

after blanching for 9 min and milled 

II containing 16.4 per cent fat but the 

relatively low i.e. 82 per cent (Table 

4. 2) • Rest of the treatments did not seem to be bettet· in compCJrison 

with untreated grains as six min milling of untreated grains gave 

16 per cent fat in fraction I I and recovery of con·esponding fraction 

was 82.4%. From the data in TCJbles 4.1 and 4.2 it can be 

generalised that fat content of fr<Jction II was lowest at 2 min 

scouring 

implies 

time and 

that outer 

increased with 

layers of pearl 

increasing scouring time. This 

millet grain contains t·elatively 

higher concentration of fat. Fat content of fraction II may be further 

supplemented by removal of germ with successive increase in scouring 

time. 

4.2.3 Rice Polishers 

Milling by Satake t·ice polisher t·esultcd in bt·eaknge of gt·()ins 

without removing br<Jn and germ. Thet·efore, it was not used for 

fudher study. 

McGill rice polisher gCJve more satisfactory results. Pearl 

millet grains were exposed to 1, 2, 3 and 4 min milling time and 

two fraction one representing endosperm <Jnd othe1· containing most 
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of bran and germ were obtained. Their fat content was expressed 

as g/100 g and in absolute amount as g. In order to remove fat 

rich germ portion of pearl mi I let, the grains were tempered with 

moisture levels of 12, 14 and 16 per cent and were kept for 2, 

4 and 6 h before milling. Othet· treatments included blanching 

of grains in boiling water for 3, 6 and 9 min and steeping of grains 

in 0.2N HCI for 6 h followed by blanching for· 3, 6 and 9 min. 

Only steeping of grains for 3, 6 and 9 h resulted in excessive 

breakage of grains and hence the treatment not included for further 

study. 

Per cent recovery of fraction I decreased and thut of fraction 

II increased ns milling time wns increased from to 4 min (Table 

4.3}. One min milling of untt·eated sample by rice polisher gave 

89.1 per cent recovery of fraction I which on inct·easing the scouring 

time to 4 min was reduced to 71.6 pet· cent. Raising the scouring 

time from to 4 min also increased the concentration of fat in 

fraction I I whet·eas fat concentt·ation in f1·action I dec I ined. Increase 

in the moistut·e level from 12 to 14 per cent tempet·ing decreased 

the yield (%} of fraction significantly (Table 4.3}. The recovery 

moved upward foil owing an increase in moisture I eve I to 16 per 

cent. A rise in moisture level from 12 to 1U per cent resulted 

in decrease of fat contents in fruction vnd increase of that in 

fraction II (Fig 4-6·,9 &· lO)Per cent recovery and fut of ft·action 

decreased following an inct·ease in tempering period at every moisture 

level. Blanching, both after steeping o1· without steeping did riot 
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change the trend of recovery and fat content (per cent) of mi lied 

fractions. PercP-nt yield of fnJction I decrensed and that of ft·action 

II increased when blanching time was t·aised from 3 to 6 min (Table 

Lt. 1). Highest concentration of fat in fraction II was observed 

after 9 min blanching and 3 min milling (Table 4.t;). 

per 

Steeping 

cent yield 

in 

of 

0.2N HCI 

fraction 

followed 

(Tab I e 

by 

4. 4) • 

blanching improved the 

Higher concentration 

of 18.11 per cent fat in fraction II was recovered aftet· 9 min blanching 

and 

by 

4 min scouring of acid steeped gnlins 

blanching resulted in mot·e t·emoval of 

nnd steeping followed 

fat rich portion from 

pearl millet grains •. With increase in scouring time, fat concentra-

tion in fraction II kept on increasing. 

On the basis of fat content of ft·action II and recovery of. 

fraction (Tables 4.1 and 4.2) the tt·eatments including tempering 

at 16 per cent moisture level for 4 h, blanching for 6 and 9 min, 

steeping in 0.2N HCI (6 h) followed by blanching were selected 

for further stud~y of barley pearler milling. One untreated group 

was taken as control. Fraction I ilnd I I recovered from the grains 

after treatment as mentioned Clbove as well ns untreated grains as 

given in Table 4. 5 were used for further study. Recovery of 

fractions and II after a vat·ied milling time of 6-7 min ranged 

from G2.3· to 90.11 and 9.4 to 17.3 per cent, respectively. 

Similnrly in the rice polisher millet grains aftet· these treat­

ments; 9 min blanching, steepin9 1n 0.2h! HC! fat· G h followed 
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Table 4.5 Recovery of the fractions of treated pearl millet grains milled by 
barley pearler 

Treatment 

Tempering at 16% 
moisture level 4h 

Blanching ( 6 min) 

Blanching ( 9 min) 

Acid (0.2N HCl) 
steeping for 6h 
and blanching (9 min) 

Alkali [0.5% Ca(OH)
2
J 

steeping for 6h 
and blanching ( 9 min) 

Without treatment 

CD (P I 0.05) 

Scouring 
time 
( min ) 

7 

7 

7 

6 

7 

6 

Values are means ± SD of six determinntions. 

Recovery ( 96) 

Fraction- I Fraction- II 

86. 1±0.68 13.5±0. 72 

85.0±0.88 14. 7±0.52 

84. 1±0.33 15.5±0.42 

85.4±0.58 14.3±0.57 

90.4±0.84 9.37±0.50 

82.3±0.38 17 .3±0.41 

0.64 0.48 
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by 9 min blanching, tempering ;:;t 11~ per cent r.1oistun; level fot· 

4 h conditioning pedod <Jnd tempering at 16 per cent moisture level 

for 2, 4 and 6 h tempering period, were milled for 3 min. The 

recovery of fraction nnd fraction II varied from 70.5 to 88 .• 2 

nnd 11.3 to 28.8 per cent, respectively (Table 4.6). Both these 

frnctions were further used for nutritionnl evnlu<:Jtion, stor·abi I ity 

and product development. Kurien and Desikach<Jt" (1962) also found 

that moistening finger millet with 3-7 pet· cent water· for about 

2 h, followed by grinding in a Wiley Mill pt·ocJuced frnctions high 

inhusk; stenming of gt·ains with 5 per cent extra water· with initinl 

moisture of 11 per cent produced maximum yield. Reichert and 

Young(197G) studied the comparative dehulling quality of traditional 

pest I e nnd nortar method, Strong Scott bat· I ey pender, Pal y i compact 

mi II ing system (attretion type) and Hi II gt·ain tht·eshet· (abrasive 

type) and reported that barley 

were supet·ior to Palyi compact 

pearler nnd Hill 

milling system. 

gnlin thresher 

/\bdelt·ehman et 

al. (1983) decorticaed pearl millet gt·ain by tempering at 22 per 

cent moisture level and single-pass mi II ing on finely cot-rugated 

rolls. The germ was more easily removed v1hen the ter~1pering 

moisture increased. Shor·t tempet·ing time gave better separ·ation 

of germ and endosperm, thus better· yield of low fat gt·its. Desi­

kachar (1986) also found that shor·t prior· r·.10ist conditioning of 

sorghum grnin with 2-3 per cent r.10isture enc.:Llled n~movul of the 

b ran b y a n n b r· a s i v e m n c h i n e s i m i I u r· to t h u t u s e ci i n t"i c e m i I I i n g . 



Table 4 .. 6 Recovery of the fractions of treated pearl millet grains milled by 
rice polisher 

Treatment 

Blanching ( 9 min) 

Acid (0.2N HCl ) 
steeping for 6 h 
and blanching ( 9 

Tempering at 14% 
moisture level 4h 

Tempering at 16 ?-6 
moisture level 2h 

4h 

6h 

Without treatment 

CD (P/ 0.05) 

min) 

Scouring 
time 
( min ) 

3 

3 

3 

3 

3 

3 

3.5 

Values are means ± SD of six determinations. 

Recovery (%) 

Fraction-I Fraction-II 

73.2±1.14 26.0± 1.45 

88.2±0.94 11.3±0.94 

71.6±0.60 27 .6±0.59 

73.1±0.73 26.2±0.85 

72.3±0. 76 26.8±0.89 

70.5±0.50 28.8±0.41 

81.2±0.57 18. 1±0.68 

0.92 0.38 

74 
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4.3.1.1 Fat and ash 

Fat concentration in fraction sepat·atcd by bar I ey pear I er 

nfter selected tt·eatments (Table 4.7) varied from 3.5 to 4.4 per 

cent. The treatments improved the level of fat as well as percen-

tage of totn I fnt of the grain present in frnction I· , the fraction 

collected aftet· diffet·ent treatments contained rnore than half of 

the total fat of the grain. Frnction II from untreated grains contai-

ned about 50 per cent fat of the grain where<Js in all the treated 

samples fat content wns less thnn that. It implies that the treat--

ments of the grain were not helpful in diverting a greatet· CJmount 

of fat in fraction II. 

Similarly, ft·action contained more than 50 per cent of 

mineral matter pi·esent in the grain. Fraction II obtained after 

milling of the grains steeped in lime and blanched for 9 min contained 

lowest proportion of ash of all treated as v1ell ns un tt·eatcd sam pies 

(Table 4. 7) • Lower amounts of ash in fraction II from I imc steeped 

nnd blanched grains may be becuuse of low fr·act ion II recovery 

(Tnble 4. 5) • Steeping in Cu(OHJ2 r.Jight have dissolved and t·emovcd 

upper layer of grain \vhich may be rich in mineral matter. Removal 

of orgnnic matter by ulkal i retention of calcium nnd other minerals 

may c:Jccount for increased concentri:Jtion of minen:Jl matter in fraction 

II. 

Milling of untreated gr·<Jins by r·icc polisher· r·cc;cJitecl in 

50 per cent recovery of fat rn fr·<:~ction II (T<:tblc 1!.8). All the 

treatments except acid steeping followed by blanching improved 
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the fat content of fraction II as compared to untreated somple. 

Acid treated fraction II had a relatively low proportion of total 

fat of the grain but the concentration of f<:lt in this fraction was 

highest. Lowest recovery {Table 4.6) containing highest concentration 

of fut is one of the desirable qualities of the r:1illing of the treated 

samples. Among the tr·eutments, ucid steeping followed by blanching 

and milling l)f dried sumple in rice polisher for 3 min gave 

the highest recovery of fut in ft·action II. Concentration of ash 

in fraction II milled by both rice polisher and barley pearler 

\Vas relatively greater in fraction II than fraction I. Since fraction 

II contains a major part of bran which is rich in mineral matter· 

the concentration of ash in fraction II is attributable to the bran 

part of grain. 

Of the two muchines barley pearler· is capable of abrasing 

upper layer of grain and possibly detnching germ resulting in higher 

concentration of fat in fraction II. Rice polisher on the other· 

hand gives less recovery of fraction but fraction II contained 

a greater proportion of total fat. Fraction II obtained after alkali 

treatment contained highest proportion of fat in samples milled 

by barley pearl er. 

An increase in moisture content of grain has been reported 

to increase the amount of gcr·m recovered and consequently increased 

the amount of fat separ·atcd in that fraction (Abdelrahman ct al., 

1983). content of ~Jcl·m v;11· i c.:l fnun 1 ~1. (l to ')('. 7 pc1· ccn l 
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of total fat, at different tempering moisture levels and periods. 

DeWit and Schweigart (1970), also r·eported that milled grains conta-

ined 4.4 per cent fat as compar·ed to 5.7 per cent fat of whole 

b3j ra. 

Relatively higher nsh content of fr·action II may be attributed 

to mineral rich bran and .aleurone layer of the grain being separated 

in fraction 11. Adrian et al. (1975) reported that protein rich 

fraction of pearl millet obtained by SEPIAL milling process contained 

4. 11 per cent ash. Reichert and Youngs ( 1977) found that millet 

dehulled with laboratory barley pear·ler and villnge scale abrasive 

and attretion type mills contained 31-51 per cent less ash than 

whole millets. About 51, 46 and 45 per cent reduction in ash 

content of pari millet milled by traditional milling, barley pearler 

and tangential abrasive dehull ing device, respectively has also 

been reported {ICRISAT, 1986). 

4.3.1.2 Crude protein, true protein and non protein nitrogen 

Whole pearl millet gr·ain contained 10.2 per· cent true pt·otein 

an:J a very small amount of nonpt·otein nitrogen. Milling of untreated 

as well as treated grains by bar·ley pearler produced fractions 

I and II which cont<lined 8.6 to .9.25 and 17.4 and 19.4 per cent 

cru::le protein, respectively (Table q,9). Most of the protein 

was present in the form of true pt·otein in both fractions. The 

only difference '\Nas in the conce11tn>tion of pr·otcin v1hich v.;as much 

higher in fraction II than fraction I. Steeping in calcium hydr·oxide 
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for 6 h followed by blanching for 9 min produced fraction I conta­

ining significantly higher pr·otein content than fr<Jction I from untrea­

ted grains. Concentration of crude protein in fraction obtain·~d 

after other different treatments wa·> significantly less than control. 

Fraction I I from a! I the trented nnd untreated g1·ains contained 

almost double the a:nount of 'Pt·otein fo,Jnd in f1·action I. Fraction 

II nfter di ffert!n t treatments contat ned hi ghnr protein content 

than the fraction from untreated grains. Fraction II from alknli 

steeped and blanched grain had highest concentration of protein. 

Milling of untreated sample by rice polisher produced frac-

tions and II containing 8.9G and 17.1 per cent crude pr·otein, 

respectively {Table 4.10). Most of the pr·otein in both the frnctions 

was in the form of true protein. Fruction II contained relatively 

higher concentration of protein than fraction I . 1\n increase in 

moisture level for tempering the gn1ins didn't influence the concen­

tration of crude protein in both the ft·actions. !111 incret:Jse in 

tempering period, howver, lowered the concentration of protein 

in fraction I, and increased the concentration in fraction II. 

Blanching for 9 min and steeping in <JCid followed by blanching 

for 9 min also raised the level of crude pr·otcin in fraction 

as compared to concentration of protein in this fr·uction of untreated 

grains. Fraction II from acid steeped and blanched grains 1Cotlt-:­

ained relatively higher concentration of protein than the fraction 

fr·om other treated samples. The concentration of protein in fraction 

II of all the tr·eated grains was not, however, higher· than that 
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in fraction II of untreated grains. i'v1illing of tt·ec:Jted as well 

as untreated pearl millet grnins by both the mills showed that 

fraction contained highet· proponion of protein than ft·action 

II. Rice polisher seems to possess an advantnge of mi II ing the 

grains and providing relatively less concentration of protein in 

fraction II. Tempedng and blanching seemed to be most effective 

in restraining the concentration nnd pt·opot·tion of pt·otein in ft·action 

II. Fraction II obtained from the milling of treated samples by 

barley pearler on the othet· hc:Jnd contained higher concentration 

of protein than the fraction f1·om untt·eutcd smnplc (Yuble 4.9). 

Since the bran and germ nn~ knovm to contain highet· concen-

tration of protein (Abdelrahman, 1984) highet· concentt·ation of 

protein in fraction II, containing bran and germ is expected. 

Higher recovery of fraction by bat·ley pcnrlet· and lower concen-

t·ation of pr·otein in this fl·uction in cornpnrison with the rice 

polishet· implies that fraction II obtained by milling of peat·l 

millet grains vJith rice polisher had lower protein concentration. 

Contamination of bran and germ with grits has, perhnps, diluted 

the protein concentrntion in fraction II of rice polisher. 

Reichert t:lnd Youngs (1977) milled pearl millet by barley 

pearler and abt·asive and attrition type mi lis und n~pot·ted that 

endosperm contained 9 to 18 per cent less pr·otein <:Jt 75 pet· cent 

extrnction t"ute them whole gt·<:1in. 

ubout 5 to 8 per cent p1·otci n. 

Tt·ucli l ional ;-,Ji II cd ctt·a ins lost 

/1 t•e d u c t i on o f 2 7 , 1 ~l and 2 11 
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per c c n t i n p r· o t e i n con ten t o f p c c::J r· I rn i I lc t a f t e r 1 i 1 i I I i n 9 l) y t r· a cJ i -

tional method, bat·ley pearler and tangential abrasive dehulling 

device respectively, has also been reported (ICRISAT, 1986). 

4.3.1.3 Available carbohydrates 

Available car·bohydrates of v1hole grains of pearl millet 

comprised of mainly starch and about 2 per· cent tot~JI soluble 

sugars. 

sugars. 

Soluble sugars were mainly in the for·m of non-t·educing 

Milling by barley pear-ler could remove only a minot· 

proportion of total starch of the grain in fraction II. Fraction 

I on the other hand contained most of the starch present in whole 

grain (Table 4.11). Any of the treatments prior to milling did 

not improve the concentration of starch in fraction where us 9min 

blanching, tempering at 16 per cent moistur·e level for· 4 hand 

all<al i steeping lowered the starch content of fraction II. Concen-

tration of total soluble sugars and non-reducing sugars was by 

and large same in both the fr·actions but since fraction for·med 

a major portion of the grain more than 

fraction. 

80 per cent of total 

Non-reducing sugars on soluble sugars remained in this 

the other hand vJer·e in greater 

in fraction I. 

concentration in fraction II than 

fv1illing by rice polisher· also separated the gr·uin into two 

fr·actions of which fraction I contnincd most of its storch, soluble 

sugars, reducing sug<~r·s nnd non- n'duc i ng Conct'ntr·<Jtion 

of the sugars in both the fr<:lctions VJ2JS almost same. The trent-

rnents including blanching and tempering at both lli and 16 per 
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per· cent moistur·e level increased the starch content of frnction 

I; total sugars were not affected. These treatments had almost 

the same -_effect on concentration of tot<:~l soluble sugar and starch 

in fraction I I. An increase at 16 per cent moisture level in tempe­

ring time from 2 to 6 h didn't mal(e <:~ny significant difference 

in the level of starch and suuurs in both the fructions. /\cid 

steeping combined with bl<:~nching produced a differ·ent r·estdt. 

Concentration of starch and non-reducing sugars decreased wher·e 

as tot<:ll soluble sugars and n~ducing sugars showed an increase 

86 

in fruct ion II • Level of stnrch and sugars in fraction I vvas lowered 

significantly by this treatment. (Table 4.12) 

Removal of com pi ex car·bohydrates, m i nerc:d matter and fat 

in fraction II cons i.st i ng main I y of bran and ger·m has perhaps 

resulted in an increuse in the concentration of star·ch in fnlCtion 

as endosperm, rerresented in fraction I, has been well known 

to be a sour·ce of starch in penr·l m iII ct and other· ccr·e<:ll s. 

Dehulled gr·ains of pearl mi I let obtained after mi II ing by 

trnditionnl method, barley pearlcr· nnd tnngential abrasive dehulling 

device (TADD) contained significantly less total soluble sugar than 

whole grains, their stnrch contcn·t was increased from 76.7 to 

81.8, 82.4 and 80.7 per cent, respectively after· dehulling (ICRISAT, 

1986). Am;:u-jcct ~ nl. (1990) t·eportccJ that deur·{lnning of wheat 

,. e s u 1 t e cJ i n n~ cl u c t i on i n t h c I c v c I o f tot a I u n d non - ,- c cl u c i n 9 s u g u r • 

Starch and rccluc i ngs sugars on the other· huncJ i nct·ensecl ufter 

debranning. 
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4.3.2 Protein and starch digestibility ( in vitro ) 

~ vitro protein and starch digestibility of whole pearl millet grain 

showed that pearl millet is a poorly digestible grain. Protein and starch -retained in fraction 1 after milling of untreated grains both by barley pearler 

and rice polisher possessed better digestibility than those in fraction II. 

Milling, therefore, removes a pnrt of protein and carbohydrate which is poorly 

digestible. Blanching as well as acid steeping combined with blanching increased 

whereas 6 min blanching and tempering at 16 per cent moisture level for 4 h 

did not change l!:!_ vitro digestibility of protein in fraction 1 milled by barley 

pearler ( Table 4.13 ). On the other hand tempering and alkali steeping 

significantly decreased; 9 min blanching and acid steeping - blanching increased 

and 6 min blanching didn't change significantly the digestibility of starcll 

present in fraction I. Acid steeping-blanching and 9 min blanching increased 

and tempering at 16 per cent moisture level for 4 h did not change protein 

as well as starch digestibility in fraction II milled by barley pearler. Alkali 

steeping-blanching decreased protein digestibility but increased starch digestibility 

of fraction II significantly. 

All the treatments including 9 min blanching, 0.2 N HCJ steeping 

( 6 h ) and 9 min blanching, tempering at 14 pei' cent moisture level for 

4 h and tempering at 16 per cent moisture level for 2,4 and 6 h improved 

the digestibility of both ~ t arch and prot"ein in fraction I milled by !'ice polisher. 

In fraction II, starch digestibility was increased only by acid steeping and 

protein digestibility by blanching. Other· treatments either lowered or did not 

change the digestibilities ( Table 4.14 ). 
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Chauhan et al. (1986) reported that protein digestibility 

of pearl millet varieties ranged from 58 to 68 per cent. Pawar 

and Parlikar (1990) observed u significant increase in in vitro 

protein digestibility IVPD from 66.3 to 82.8 per· cent after dehulling 

and soaking of pearl millet. Dehull ing of finger rni llet has been 

reported to increase IVPD (Rarnachandra et ~·, 1977). 

Reduction in polyphenols and phytic acid content of ft·action 

I by milling might result in the improved protein and stat·ch digesti-

bility of this fraction. Yoon et LJI. (1983) also reported similar 

results and found an increase in starch digestibili.ty which was 

attributed to the reduction of phytic acid. The addition of tannic 

ilcid to dehufled pearl millet flour lowHed IVPD but not to the 

same extent as in whole seed samples. This d i fferencc cou I d be 

due to the dehulling loss of other polyphenolic compounds present 

in the seed coat (Ramchandra et a I. ( 1977). Addition of tnnnic 

acid and phytic acid has been reported to reduce the starch dige-

tibility by 13 and 60 per cent after 5 h, respectively (Thompson 

et al., 1984). --

4. 3. 3 Polyphenols and phytic acid 

Whole pearl millet grain contnined 285 and 685 mg/100 g 

of polyphenofs and phytic acid, respectively, Milling by barley 

pearler separated these two antinutrients in fr·action I and fraction 

II. Fraction II contained about G9 per cent of polyphcnols and 

40 per cent of phytic acid (Tobie 11.15). Conccn t rn t ion of these 

antinutrients In fraction II was much higher th<::n in fraction I. 
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Milling, therefore, is em effective method of getting rid of the 

persistent and obnoxious antinutritional factors from the grains. 

Tempering and alkali steeping wet·e not that effective in removing 

polyphenols from the grains through mi II ing ns blanching and acid 

steeping. Acid steeping lowered phytic ncid content of fn::ction 

to n greater extent. Fraction obtained after tempering at 16 

per cent moisture level for 4 h und alkali steeping with blanching 

had higher levels of phytic acid than the fraction from untreated 

.grains (Table 4.15). 

Fraction II obtained after milling with rice polishct· contained 

65 per cent polyphenols and 51 per cent phytic acid present 

in the 

reducing 

untreated grains. 

the polyphenols 

All 

in 

the treatments 

fruction m iII eel 

vtere 

by 

instrumental in 

rice polisher; 

ft·action of acid steeped grains had lowest concentration. Of 

all the treatments acid steeping could reduce phytic acid content 

of frnction significantly (Table 4.16). It was reported that 

Phytic acid primarily occurs in the oute1· seed coat (bran) and 

(1959) and germ of plant seeds (Oberleas, 1973). Vvang et al 

examined the distribution of phytic acid in seven cultivars of sorghum 

and found maximum phytic acid in germ ranging ft·om 1920 to ·6780 

mg/100 g followed by 670-1920 mg/100 g in br<Jn. Grits contained 

only 70-640 mg/100 g as compured to 710 mg/100 g in whole grains. 

Endosperm of wheat vnd rice kernels is almost devoid of phytic 

acid, becnuse it is concentn::ted in the germ <Jnd <~I eu t·one I ayers 

(pericc:n-p) of the k· r·nel cells (O'IJell ~ ~., 1972). Con1 endosperm 
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also had small amounts of (3.2 per cent) phytic acid but the major 

portion of phytic acid \'/CJS in aleurone layer~. In rice too, of 

the total phytic acid, 84.0 to 88.0 per cent was reported to be 

in bran (Resurreccion ~ al., 1979). Polyphenolic content of pear·l 

millet decreases by the traditional practice of soaldng the grains 

in sour milk or in aqueous extract of tamarind (Reichert, 1979). 

According to Panwal and Panvvnr (1989) HCI was most effective bleu­

ching ngent which removed pigements in the pearl millet to the 

extent of 74.3 per cent during 24 h soaking time. Dehulling of 

sorghum by a bras ion mi I I has been reported to 1·emove about 74 

per cent of the tannin of the grains (Chibbat· ~ ~·, 1978). 

IJ.3.1J Minerals 

A perusal of data in Tables 4.17 and 11.18 revealed that 

fraction II obtained nfter milling the untreated grnins both by barley 

pearler nnd rice polisher were r·icher in cnlcium as V1ell as in 

phosphorus than fraction I. This implied that upper· IC1yer of grain 

and germ are rich sources of calcium and phosphorus. Fraction 

contained more calcium when grc:lins before milling were tempered 

at 14 or 16 per cent moisture level; retention seemed to be invers-

ely proportional to tempering time (Tables 4.17 to 4.18). Blanching 

ulone didn't significantly change the calcium concentration in fract­

tion milled by barley pearler whereas concentration in this 

frCJction v1as significantly reduced in rice polisher milling. Calcium 

concentt·ntion in fruction I increased several folds when nlkal i steeped 
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grains were milled by barley pearler; increase in concentration 

of fruction II was relatively low. Calcium from steeping mediur.1 

seemed to have percolated deeper into the grain resulting in its 

higher conccntrution in fraction I. 

Blanching and alkali steeping led to increased concentration 

of HCI extractable c<:~lcium in frnction 

other treatments lowered its amount. 

milled by bnrley pearler; 

Tempering nt lit and 16 per 

cent moisture level resulted in incrensing the amount of HCI extrn­

ctable Ca in ft·action I; milled by rice polisher; higher the temperi-ng 

period greater vtas the increase. Blnnching ulone did not change 

the umount of e)ctrnctable calcium where as acid steeping vlith blnn-

ching reduced it to a significant extent (Table 4.18}. Grain trent-

ments didn't change HCI-extractable phosphorus in fraction I milled 

by barley pearler whereas acid steeping-blanching, alkali stc.:!ping­

blunching decreased and inct·eased total phosphorus significantly, 

respectively. Acid steeping-blanching was the only treatment vthich 

altered the concentrution of total us well as 1-lCI-e:,tractDble phos-

phorus in fraction milled by 

contained significantly lower 

rice polisher as a result fraction 

total and extractable phosphorus. 

Milling of pearl millet grains by barley pearler resulted 

in taking away more than 50 per cent of tot<JI iron of the grain 

to fraction II (Table 1!.19}. Conccntr<Jtion of iron in fraction II 

i nct·eased when grains after al kiJI i steeping-blanching were mi I Jed 

by barley peCJrler. No other treatment cnused an increase in the 
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content of total iron in that fraction. Level of it·on in fraction 

I on the other hand increased significantly when grains v1ere temper·cd 

nt 16 per cent moisture level for 4 h, blanched fat· 6 min ulkali 
9 min. 

steeped·- blunched & ·blanched .for I Acid steeping-blanching pet·tinently 

caused reduction in iron concentration in both fraction I and fruction 

II. Fraction of untreated CJS v1ell ns treated sample possessed 

a greater proportion of HCI cxtr·nctnblc it·on than fraction II of 

corresponding treatments; not withstanding hi ghcr· conccntrati on of 

extractable iron of fraction II of these sumples. 

Total zinc and cxtrnctablc zinc exhibited the same tn~nd 

of distribution ns that of total and cxtr·actable iron in the fractions 

of treated und untt·eated grains. Fraction I and fraction II of untre-

Clted grains milled by rice polisher contained equ~JI proportion of 

total iron present· in the whole gt·<Jin. Concentration of the clement, 

however, was much grcnter in froction II than fruction I. Tempe-

ring ut both levels of moistur·e didn't chnngc the concentration 

of totnl iron in fraction (Table 4.20) whereas ~cid steeping-blanch:-

ing could lower it to a signific<:Jnt extent. As regards iron concen-

tration in fraction II acid steeping blanching inct·euscd significantly 

wherc<Js all other treatments reduced it. Mot·e than hn If of tota I 

extt·nctable iron resided in frnction I of treated as well as untrented 

grains. r=raction obtained aftet· various treatments of grain nnd 

milled by rice polisher contained significantly less amount of zinc 

than th<:~t of untreated grains. Zinc concentt·ation in ft·action II 

fo1· the treated samples except ncid steeped- blanched grains was 
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nlso significantly less than that in fraction II of untreated surnPie 

r~cid steeping-blanching cnused u significant increase in zinc concen-

tration of fraction II. Fraction I of tt·eated as well <Js untreated 

grains contained a major chunk of HCI-extractable zinc. 

"Chis is clear from the results (Tables 4.17 to 4.20) thnt 

calcium phosphorus, iron and zinc <Jre concentrated in outer· covering 

of pearl millet grain ilnd milling n~sults in theit· higher concentration 

in fraction II. Fraction not only contained higher pt·oportion 

of HCI-extractab I e Calcium, phosphorus, iron <Jnd zinc present in 

te grain 

compared 

but extractabi I ity of these minerals was also high as 

to that of whole pec;rl mi I let grain. This 

occurred because of significant 

acid level of fraction du.-ing 

reduction in polyphenols 

might have 

and phytic 

r.1 i II i ng whivch. are known to inter-

fere with availability of miner<Jis. 

Calcium, phosphorus <Jnd iron <:lre significantly reduced by 

remov<JI of 

of phytate 

and Hoseney 

High levels 

the outer pericarp, 

occurs in germ (Hulse 

(1980) reported most 

of iron were in the 

though the highest concentration 

et ~·, 1980). Varri<JnoMarston 

of the phosphorus in the germ. 

germ and covering layers. In 

genera I, the endosperm wns I ow in mineraI s and iron. 1\urien and 

Desik<Jchar· (1966) also found th<Jt milling of finger millet gave 

the husk fractions rich in calcium and phosphorus. According 

to !'.w<Jdall<J nnd Slump (1974) decortic<Jted Egyptian r;1illet contained 

only 10, 1.3 and 0.8 mg/100 g of Calcium, iron and zinc, r·espectiv­

ely as compared to 40, 2.8 and 2.5 mg/100 g of calcium, iron 
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and zinc of whole pearl r.1illet. Desiknchar (1977) in a similar 

study reported that bran of pear-l millet contained 11150 mg/100 g 

phosphorus. II. reduction in phosphorus content of peat·l mi I let grains 

from 3.16 to 1.7G mg/g was found after dehulling and soaking in 

0.2N HCI. 

11.3.5 Fatty acid composition 

Fatty acid composition of whole pearl millet r·evealed that 

C1812 acid was the most dominnting fatty acid, constituting about 

4 5 p e r c en t o f tot a I fatty a c i d s ( ·r a b I e 4 • 2 1 ) • 0 I c ic ( 1 8 : 1 ) ( C 1 6 1 0 ) 

and pa I mit i c v1ere other major fatty acid constituents t·espresnt i ng 

about 27 and 19 per cent of total f<Jtty acids, respectively. Distri­

bution of fatty ncids in fr<Jction and fraction II was marginally 

changed when untreated pearl millet grain was milled by barley 

pearl cr. Though I innleic acid continued to be major fatty acid of 

both the fractions but it represented a greater percentage in fraction 

than fraction II. Treatments of the grain brought about marginal 

changes in the fatty acid composition pr·ofile of the fraction. Most 

significant changes appeared to be of low I eve I on ft·action and 

of high level in fraction II of linoleic acid, when seeds wer·e milled, 

after acid steeping-blanching (Table 4.21). 

Milling of acid steeping-blanching grains by rice polisher 

a I so brought 

(Table 4.22). 

about similur changes in 

Rest of the changes 

rice polisher did not seem noticeable. 

I inoleic content of fractions 

in fntty acid composition by 

These resu Its at·e suppor·ted 
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by the findings of Jelleum and Powell 

was major fatty acid 40-51.7%, followed 

palmitic acid (17.7-25.0%) in lipids of 

1 05 

(1971) in which linoleic 

by oleic (20.2-30.6%) and 

pearl m i I let. Chaudhary 

(1981) also reported that the linoleic, oleic and palmitic acids 

were the principal acids in free lipids. Linoleic acid was the 

predominant 

of the total 

showed that 

unsaturated 

fatty acids. 

major fatty 

fatty acid which accounts for 45 per cent 

Results obtained in Tables 4.21 and 4.22 

acids in pearl millet are not concentrated 

entirely covering layer but they are distributed evenly throughout 

the grain. 

As Milling of pearl millet grain, treated as well as untreated, 

by barley pearler and t·ice polisher helps in recovet·ing a major 

part of total fat of the grain in fraction II and fatty acid compo­

sition of oil in this fraction is similar· to that in milled fractions 

of other cereals I ike corn germ the fraction II can, ther.efore, 

be uti I ised as a sou~·ce of edible oi I. 

It .It Storabil ity 

Fraction representing endosperm and a prospective portion 

of milled grains usable for human nutrition, was stored at 25, 30 

and 35°C for 15 and 30 days. Free fatty acid lipase activity, 

fat acidity, peroxide value and lipoxygenase activity in these fractions, 

obtained after milling of treated as well as untreated sample by 

both barley pearler and rice polisher were determined. 



T
ab

le
 4

.2
2 

F
a
tt

y
 a

ci
d

 c
o

m
p

o
si

ti
o

n
 o

f 
th

e 
fr

ac
ti

o
n

s 
o

f 
p

ea
rl

 m
il

le
t·

 m
il

le
d

 b
y 

ri
ce

 p
o

li
sh

er
 

T
re

at
m

en
t 

F
ra

ct
io

n
-I

 
F

ra
ct

io
n

-I
I 

16
:0

 
16

:1
 

18
:0

 
18

:1
 

18
:2

 
18

:3
 

O
th

er
s 

16
:0

 
16

:1
 

18
:0

 
18

:1
 

18
:2

 

B
la

n
ch

in
g

 (
 

9 
m

in
 

) 
18

.0
 

0.
30

 
4.

60
 

27
.0

 
47

.2
 

2.
20

 
0.

70
 

19
.8

 
0.

29
 

4.
86

 
26

.4
 

41
.4

 

A
ci

d
 

(0
.2

N
 

H
C

l 
) 

st
ee

p
in

g
 f

o
r 

6 
h 

an
d

 
19

.5
 

0.
21

 
6.

02
 

27
.6

 
40

.0
 

4.
80

 
1.

87
 

19
.4

 
0.

36
 

4.
65

 
27

.2
 

44
.8

 
b

la
n

ch
in

g
 (

 
9 

m
in

) 

T
em

p
er

in
g

 a
t 

14
%

 
19

.0
 

0.
40

 
4.

29
 

25
.8

 
46

.8
 

3.
06

 
0.

65
 

19
.4

 
0.

35
 

4.
81

 
27

.2
 

43
.2

 
m

o
is

tu
re

 
le

v
el

 
4h

 

T
em

p
er

in
g

 a
t 

16
 90

 
17

.8
 

0.
81

 
5.

06
 

26
.6

 
46

.4
 

2.
65

 
0.

68
 

20
.2

 
0.

32
 

4.
76

 
27

.2
 

42
.4

 
m

o
is

tu
re

 
le

v
el

 
2h

 

4h
 

18
.0

 
0.

28
 

5.
14

 
27

.0
 

45
.8

 
3.

32
 

0.
46

 
20

.0
 

0.
34

 
4.

24
 

26
.1

 
43

.2
 

6h
 

18
.2

 
0.

36
 

5.
20

 
26

.4
 

45
.5

 
3

.2
8

 
0.

88
 

19
.7

 
0.

36
 

4.
84

 
26

.6
 

43
.4

 

W
it

ho
ut

 
tr

ea
tm

en
t 

19
. 1

 
0.

38
 

4.
27

 
25

.3
 

46
.4

 
3.

84
 

0.
 7

1 
19

.0
 

0.
38

 
4.

86
 

26
.2

 
44

.5
 

W
ho

le
 

p
ea

rl
 

m
il

le
t 

18
.6

 
0.

31
 

4.
89

 
26

.9
 

44
.9

 
3.

10
 

1.
30

 

V
al

ue
s 

ar
e 

m
ea

n
s 

o
f 

tw
o

 
re

p
li

ca
te

s.
 

18
:3

 

5.
88

 

~
.
9
1
 

4.
31

 

4.
21

 

4.
70

 

4.
24

 

3.
16

 

O
th

er
s 

1.
37

 

0.
68

 

1.
08

 

0.
91

 

1.
42

 

0.
86

 

1.
90

 .... 0 O
'l 



T
ab

le
 4

.2
3 

: 
E

ff
ec

t 
o

f 
st

o
ra

g
e 

ti
m

e 
an

d
 .t

em
p

er
at

u
re

 o
n 

th
e 

m
o

is
tu

re
 c

o
n

te
n

t 
(%

} 
o

f 
th

e 
fr

ac
ti

on
-1

 o
f 

p
ea

rl
 

m
il

le
t 

m
i
l
l
e
~
 

by
 ,.

.,b
ar

le
y 

p
ea

rl
er

 

T
re

at
m

en
t 

15
 

d
ay

s 
30

 
d

ay
s 

C
D

(P
/ 

0.
05

) 
, 

2
5

°C
 

3
0

°C
 

T
em

p
er

in
g

 a
t 

16
%

 
10

.0
±

0.
04

 
H

k 
1±

0.
05

 
m

o
is

tu
re

 
le

v
el

 
4 

h 

B
la

n
ch

in
g

 (
 

6 
m

in
 

) 
·9

.4
0±

0.
04

 
9

.3
9

±
0

.0
3

 

B
la

n
ch

in
g

 (
 

9 
m

in
 

) 
9

.5
6

±
0

.0
3

 
9
.
5
~
±
0
.
0
4
 

A
ci

d 
(0

.2
N

 
H

C
l 

) 
st

ee
p

in
g

 
fo

r 
6 

h 
an

d
 

9
.3

2
1

0
.0

5
 

9
.4

0
±

0
.0

2
 

b
la

n
ch

in
g

 (
 

9 
m

in
 

) 

A
lk

al
i 

[0
.5

%
 

C
a(

O
H

JJ
 

9
.0

4
±

0
.0

3
 

9
.4

0
±

0
.0

2
 

st
ee

p
in

g
 

fo
r 

6 
h 

an
 

b
la

n
ch

in
g

 
( 

9 
m

in
 

) 

W
it

ho
ut

 
tr

ea
tm

en
t 

8
.4

0
±

0
.0

2
 

8
.4

6
±

0
.0

3
 

W
ho

le
 

pc
al

'l 
m

il
le

t 
9

.8
9

±
0

.0
5

 
9.

92
±

0.
0(

; 

C
D

 (
P

I 
0.

05
) 

0.
06

 
0.

05
 

V
al

ue
s 

a
re

 
m

ea
n

s 
±

 S
D

 
o

f 
si

x 
d

e 
te

rm
in

at
io

n
s.

 

3
5

°C
 

2
5

°C
 

./
 

10
. 1

±
0.

06
 

10
.0

±
0.

04
 

9
.4

3
±

0
.0

3
 

9
.4

2
±

0
.0

4
 

9
.6

0
±

0
.0

2
 

9
.5

8
±

0
.0

2
 

9
.3

8
±

0
.0

4
 

9
.4

0
±

0
.0

3
 

9
.0

6
±

0
.0

4
 

9.
 1

2±
0.

03
 

8
.4

1
±

0
.0

3
 

8
.4

6
±

0
.0

4
 

9.
98

±
0.

06
 

1e
·G

"±
o.

o6
 

0.
06

 
0

.0
8

 

3
0

°C
 

10
. 1

±
0.

02
 

9.
45

±
0.

02
 

9.
60

±
0.

04
 

9.
42

±
0.

04
 

9.
09

±
0.

04
 

8
.4

9
±

0
.0

2
 

10
.8

±
0.

04
 

0.
05

 

3
5

°C
 

10
.4

±
0.

06
 

9
.4

5
±

0
.0

3
 

9.
62

±
0.

06
 

9.
40

±
0.

02
 

9
.0

6
±

0
.0

4
 

8
.4

2
±

0
.0

7
 

10
. 7

±
0.

04
 

0.
07

 

0
.0

2
 

0.
03

 

0.
03

 

0
.0

5
 

0
.0

2
 

0
.0

4
 

0
.0

6
 

0 -.
.J

 



T
ab

le
 4

.2
4 

E
ff

ec
t 

o
f 

st
o

ra
g

e 
ti

m
e 

an
d

 
te

m
p

er
at

u
re

 o
n 

th
e 

m
o

is
tu

re
 c

o
n

te
n

t 
(%

) 
o

f 
fr

ac
ti

o
n

-1
 

o
f 

p
ea

rl
 

m
il

le
t 

m
il

le
d 

b
y
 r

ic
e 

po
li

sh
er

 

T
re

a
tm

e
n

t 
15

 d
ay

s 
30

 d
ay

s 
C

D
(P

/ 
0.

05
) 

2
5

°C
 

3
0

°C
 

3
5

°C
 

2
5

°C
 

3
0

°C
 

3
5

°C
 

B
la

n
ch

in
g

 (
 

9 
m

in
 

) 
9

.3
9

±
0

.0
3

 
9.

41
±

0.
02

 
9.

41
±

0.
03

 
9.

46
±

0.
02

 
9

.4
4

±
0

.0
3

 
9

.4
7

±
0

.0
4

 
0.

03
 

A
ci

d
 

(0
.2

N
 

H
C

l 
) 

st
ee

p
in

g
 

fo
r 

6 
h 

an
d

 
9

.4
0

±
0

.0
2

 
9.

39
±

0.
03

 
9.

38
±

0.
03

 
9.

40
±

0.
02

 
9

.4
6

±
0

.0
4

 
9

.4
5

±
0

.0
3

 
0.

02
 

b
la

n
ch

in
g

 
( 

9 
m

in
) 

T
em

p
er

in
g

 
a
t 

14
%

 
9

.6
6

±
0

.0
3

 
9.

67
±

0.
04

 
9

.6
8

±
0

.0
4

 
9.

69
±

0.
03

 
9.

 7
0±

0.
02

 
9.

 7
6±

0.
04

 
0.

02
 

m
o

is
tu

re
 

le
v

el
 

4h
 

T
em

p
er

in
g

 
a
t 

16
%

 
9

.6
0

±
0

.0
3

 
9.

65
±

0.
03

 
9.

65
±

0.
08

 
9.

66
±

0.
05

 
9

.6
0

±
0

.0
4

 
9.

 7
0±

0.
07

 
0.

04
 

m
o

is
tu

re
 

le
v

el
 

2h
 

4h
 

9
.8

3
±

0
.0

4
 

9.
89

±
0.

03
 

9.
88

±
0.

04
 

10
.0

±
0.

06
 

10
.0

±
0.

08
 

10
.1

±
0.

04
 

0.
04

 

6h
 

9
.9

1
±

0
.0

4
 

9.
92

±
0.

03
 

10
.0

±
0.

04
 

10
.1

±
0.

04
 

10
.1

±
0.

03
 

10
.2

±
0.

04
 

0.
03

 

W
it

h
o

u
t 

tr
e
a
tm

e
n

t 
8

.4
9

±
0

.0
6

 
8

.5
1

±
0

.0
5

 
8

.5
3

±
0

.0
3

 
8.

60
±

0.
05

 
8

.6
0

±
0

.0
2

 
8

.5
9

±
0

.0
3

 
0.

04
 

~
 

W
ho

le
 

p
ea

rl
 

m
il

le
t 

9
}
B
t
~
0
.
0
5
 

9.C
f :

2±
0.

06
 

9 
.q

s:
0

.0
4

 
1 O

.'B
 t 

0 
·0

6 
10

.8
±

0.
04

 
10

.1
 

±
0

 0
~ 

o 
ob

 

C
D

(P
/ 

0.
05

) 
0.

05
 

0.
05

 
0.

05
 

0.
06

 
0.

07
 

0.
08

 

,, 
V

al
ue

s 
ar

e 
m

ea
n

s 
±

 
S

D
 

o
f 

si
x

 
d

et
er

m
in

at
io

n
s 

I 
-
.4

 

0 0
0

 
I 



109 

Free fatty acid content of fraction increased with an increase 

in temperature and period of storage; storage at 35°C for 30 days 

produced the highest free fatty acid content of oi 1. Free fatty 

acid content was highest when fraction from alkali-steeped blanched 

grains was stored at 35°C for 30 days. Tempering as well as blanch-

ing treatments increased the free fatty content of the sample to 

a significant extent (Table 4.25) whereas acid steeping-blanching 

had a significant decreasing affect. The most significant observation 

seemed to be the highly reduced free fatty acid content of treated 

as well as untreated stored sam pies as compared to who I e pearl 

mi I let flour. 
.. 

Free fatty acids of fraction separated by nee polisher 

also increased with un increase in temperature and period of storage. 

Blanching, acid steeping-blanching and tempering increased free 

fatty acid content of the fraction to a significant extent (Table 

4.26). whole pearl millet flour stored at 35°C for 30 days contained 

much more free fatty acids than fraction 

as well as untreated pearl millet grains. 

obtained from treated 

Most of lipase activity in pearl millet flour seemed to reside 

in fraction II separated by both, barley pearler and rice polisher 

(Tables 4.27 and 4.28) because the activity in fraction was much 

I ess than 50 per cent than that in who I e pear I m iII et. The activity 

in whole pearl mi I let seemed to be a function of temperature rather 

than pet·iod of storage as the activity at 35°C at both periods 

of storage (15 an 30 days) was two-fold the activity at 25°C. 
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Lipase activity increased significantly when fraction II was separated 

by barley pearler after tempering, blanching for G min, acid steeping­

blanching and alkali-steeping blanching and stored at 25°C for 15 

days. Activity in these treated samples t'ose as the temperature 

and period of storage was raised; temperature had a gt-eater impact 

on the lipase activity of treated samples. 

After 15 days of storage at 25°C in all the treated samples 

exct:pt the acid steeped-blanched I ipase activity in fraction I separated 

by rice polisher increased to a greater extent; highest was observed 

in 9 min blanching (Table 4.28). In the same way as in barley 

pearler, fraction separated by rice pol ishet- after different treat­

ments showed the same I ipase activity undet- different temperature 

and storage conditions. 

Fat acidity in 

than that in fraction 

whole pearl 

separated 

mi I let 

by 

f I our was a little higher 

pearler with 

As the time 

or without treatments of 

both rice polisher and barley 

grain (Table 4.29 and 4.30). 

and temperature of storage were raised fat ncidity in 

fraction of treated as well as untreated samples incl-eased signi-

fican ly. Temperature seemed to have greater effect on inc t-easing 

fat acidity than period of storage. 

Peroxide value at zero period of storage in whole pearl 

millet and fraction of treated and untt-eated grains separated by 

barley pear-ler and rice polisher r-anged from 3.08 to 5.78 per 

cent and 4.04 to 4.78 rneq/kg fat, respectively (T<:Jbles 4.31 and 
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4.32). Peroxide value increased with incre<Jse in time and temperature 

of storage in all the samples; increase in whole pearl millet grain 

was greater than other sam pies. Increase in peroxide value seemed 

to be more a function of time than temperature of stot·age. Alkali­

blanching and tempering at 16 per cent moisture level for 4 h in 

case of fraction separated by barley pearle1· and tempering at 

14 and 16 per cent moisture level for 4 h in case of rice polisher 

seemed to increase peroxide value to a significant extent when 

the sam pies were stored at 35°C fot· 30 days. 

Whole pearl millet flour contained higher lipoxygenase acti­

vity than fraction of treated and untt·eated sam pies separated 

by oorley pearler and rice polisher (Tables 4.33 and 4.34). After 

30 days of storage all the samples had an increased I ipoxygenase 

activity when the samples were stored at 25, 30 and 35°C; the 

increase was highest at 35°C. Stored whole pearl millet flour 

had much higher activity than fraction I. 

Aroma, an important sensory attribute of acceptab iIi ty of 

pearl millet flour deteriorated as fraction I of treated and untreated 

grains separated by barley peat·ler and rice polisher as well as 

whole pearl millet flour was stored; higher the temperature and 

longer the period of storage, gt·eater was the deteriot·ation (Tables 

4.35 and 4.36). As a results of 30 days stot·age at 35°C whole 

pearl millet flour was disliked moderately, whereas flour of blanching, 

tempering and untreated gt·ain was 1 1 iked moderately 1
• 
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Improved keeping quality of pearl millet after milling by 

barley pearler and rice polisher as compat·ed to whole pearl millet 

flour was, perhaps, due to removal of a major portion of fat rich 

germ and aleurone layers during milling as well as low moisture 

content. It appeared from the results that the I i pase and I i pxy-

genase activity of pearl millet existed in fraction II which is comprised 

of bran and germ. These enzymes are responsible for increase 

in free fatty acid content, fat acidity and peroxide value. Lai 

and Varriano-Marston {1980) in their histochemical studies on pearl 

millet also indicated that lipase activity was located mainly in 

the germ, pericarp, and aleurone and subaleur·one layers. Per ten 

et al. {1983) also suggested decortication of pearl millet approxi-

mately to 20 per cent for keeping it for several months. Deterio-

ration of pearl millet flour with increase in temperature and time 

was found parallel with decrease in its acceptability of aroma. 

Patel and Parameshwarn (1992} found that the I ipase activity as 

well as free fatty acid levels of pearl millet not only increased 

during storage but also showed high fluctuations. 

4.5 Product development and organoleptic evaluation 

The fraction obtained after milling of pearl millet grains 

by barley peurler and r·ice polisher was used for· pr-eparing different 

recipes. Their acceptability in terms of color, flavour, taste, appea-

ranee, bitterness, sources and texture was adjudged by a pane I . 

The average values for overall acceptability are given in Tables 

4.37 and 4.38. 
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Khichri made from acid steeped-blanched grains had the 

lowest acceptability among all treated as well as untreated grains, 

may be because of a I ittle sour taste. Khichri made from other 

samples was moderately liked. 

Sensory quality of porridge was found to be significantly 

improved with milling of treated as well as untn;ated grains. 

Chapaties prepared from all the samples except acid-steeped blanched 

.were found acceptable. 

Biscuits and cakes were more acceptable when made from 

milled samples than whole pearl millet flour. Blanching of grains 

prior to milling increased theacceptability of cakes. Cakes prepared 

from blanched sam pie came in 1 very much I i ked 1 category whereas 

those prepared from acid steeped b I anched came in 1 moderately 

I i ked 1 category. 

Overall 

from fraction 

accer+ab iIi ty resu Its showed that products made 

after mi II ing of treated and untreated grains by 

barley pearler and rice polisher were acceptable. 



SUMMARY AND CONCLUSION 

Pearl mi I let is an important crop of semi-arid and arid 

regions of India. On account of its limited uses, preference 

of consumers for other cereals. lack of sound procurement pol icy 

etc. pearl millet grain is underutilised. All this results in 

poor returns to the growers. Besides, being a source of protein, 

energy and minerals pearl millet grain is a very good source 

of fat {ll.S to 9.6 per cent), most of which resides in germ. 

The grain can be stored for longer time without damaging its 

keeping quality but whole grain flour develops rancidity rapidly 

upon storage at room temperature. Lipase and I i poxygenase activity 

also reside in germ. 

without damaging its 

-·· 
I ~ -- - -'-

~ .I I The germ can 

not only be used as a source of edible oil but its separation 

from the grain may impa .. longer shelfl ife to the flour made 

from .degermed grain. 

Sixty strains/varieties of pearl mi I let were screened for 

fat content which ranged from 4. 5 to 9. 6 per cent. HC-4, a 

pearl millet cultivar of Haryana, was m iII ed by Strong Scott 

barley pearler, McGill rice polisher, Sataka rice machine and 

Tangential Abrasive Dehulling Device (TADD) using different scouring 

periods. Mi II ing on TADD and Satake rice machine was not successful. 
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Pearl millet grain was given different treatments for studying 

the recovery and fat content of milled fractions. The treatments 

included' tempering at 12, 14 and 16 per cent moisture level 

for 2, 4 and 6 h, blanching for 3, 6 and 9 min, alkali (0.5% 

Ca{OH)2) and acid steeping {0.2N HCI) for 6 h followed by blanching 

(3, 6 and 9 min). 

Scouring time for barley pearler was 2, 4, 6 and 8 min 

and 1 ,2,3 and 4 min for rice polisher. The fractions separated 

by these two mills were designated as fraction and II. Bran, 

germ, aleurone layer and some part of endosperm formed fraction 

II. Fraction-! comprised of mainly endosperm and some leftover 

bran, germ and aleurone layer. The untreated pearl millet grains 

were m iII ed by both bar I ey pearl er and rice polisher; as scouring 

time increased recovery of fraction-! decreased and fat content 

in fraction-It increased. 

In barley pearler, grains after tempering, blanching, 

steeping and blanching showed almost the same trend in per 

cent recovery and fat content(%) of milled ft·actions as untreated 

grains. At every moisture level i.e. 12, 14 and 16 per cent 

an increase in tempering period resulted in lowet- recovery of 

fraction-! at a fixed scouring time. There was a gradua I decrease 

in fraction-! recovery with an increase in scouring time at every 

moisture level and tempering period. The highest recovery was 

found in 0.5 per cent Ca(OH) 
2 

steeping (6 h) with 9 min blanching. 

In rice polisher the recovery (%) did not improve by increasing 
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the moisture level from 1 2 to 1 6 per cent. But steeping in 0. 2N 

HCI improved the recovery (%) • Per cent recovery of fraction-

decreased and that of fraction- II increased as rn iII ing t irne 

was increased from to 4 min. A rise in moisture level from 

1 2 to 16 per cent resu I ted in decrease of fat contents in fraction-

and increase of that in fraction-11. Per cent recovery and 

fat of fract i on-1 decreased following an increase in tempering 

period at every moisture level. Six and three min scouring 

time for barley pearl er and rice polisher, respectively removed 

about so per cent fat in fraction II of untreated grains. But 

treatments of the grains were not found he I pfu I in diverting a 

greater amount of fat in fraction-11. Similarly, fraction- I contained 

more than SO per cent mineral matter present in the grains milled 

by barley pearler and less than 50 per cent in grains milled 

by rice polisher. Fraction after I ime steeping and blanching 

was containing highest total ash content. Higher concentration 

of ash in fraction II milled by both barley pearler and rice 

polisher is attributable to the bran part of grain. 

Milling of treated as well as untreated grains by barley 

pearler and rice polisher produced fraction containing gr·eater 

proportion of total protein of grain in it and fraction II had 

highest concentration of protein. Most of the crude protein was 

present in both the fractions in the form of true prate in. Fraction 

II from alkali steeped and blanched gr·ains in case of barley 

pearler and acid steeped and blanched grains in rice polisher 
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contained highest concentration of protein. Milling both by barley 

pearler and rice polisher could divert only a minor proportion 

of total starch in fraction II. Fraction on the other hand 

contained most of the starch present in whole grain. Concentration 

of total soluble and non- reducing sugars was by and large same 

in both the fractions but since fraction I formed a major portion 

of the grain, more than 80 and 70 per cent sugars remained in 

fraction of bar! ey pearler and rice polisher, respectively. 

Milling by barley pearlerand rice polisher of pearl millet 

grains separated polyphenols and phytic acid in fraction and 

fraction II. Fraction II milled by barley pearler and rice polisher 

contained about 72 and 65 perA cent poly phenols and 40 and 54 

per cent phytic acid, respectively. Fraction of acid steeped 

and blanched grains had I owest concentration of poly phenols and 

phytic acid. Hydrochloric acid was found to be an effective 

blanching agent which removed polyphenols in pearl millet grains. 

Fraction I , rich in mineral matter and separated both 

by barley pearler and rice polisher, contained half of Ca, P, Zn 

and Fe of tota I grains. But more than 60 per cent of total HC 1-

bl C P Zn and Fe resided in this fraction from treated as extracta e a, , 

well as untreated grains. The extractability of these minerals in fraction 

was greater than in whole pearl rni I let. 

In vitro protein and st£Jr-ch digestibility of of 
----

treated as well as untreated grains milled by both barley pcarler 

· 'f' tl than those of whole pearl and rice polisher were s1gn1 1can Y 
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millet grains. Though fraction II was rich in protein 

but it had low protein digestibility. Blanching and acid 

steeping blanching increased whereas alkali steeping and 

tempering did not change true protein digestibility. On 

the other hand starch digestibility increased by acid 

steeping-blanching and did not change significantly by 6 

min blanching. 

Whole pearl millet grains 

about 45 per cent linoleic acid. 

were other major fatty acids. 

were found to contain 

Oleic and palmitic acid 

Milling by both barley 

pearler and rice polisher marginaly changed the fatty acid 

composition in fraction I and fraction II. Linoleic acid 

was major fatty acid in both the fractions. 

Fraction I obtained after milling of treated and 

untreated grains of pearl millet by barley pearler and 

rice polisher had longer shelf life than whole pearl 

millet flour. The aroma of fraction I obtained after 

all different treatments was acceptable. Storage did not 

adversely affect the aroma of flour made from fraction I 

after different treatments. Free fatty acids,· lipase 

activity, fat acidity and peroxide value were 

significantly lower in fraction I than whole pearl millet 

flour at all temperatures ·and time periods. Fraction I 

did not contain significant lipoxygenase activity and it 

remains limited in fraction II. Organoleptic quality of 

Khichdi, porridge, chapati, biscuits and cake made from 

fraction-I milled by these instruments was better than 

that of the products made fr0m whole pearl millet flour. 
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Machines like barley pearler and rice polisher can 

be employed for milling pearl millet grains. Treatments 

prior to milling could manoeuvred distribution of 

nutrients and antinutrients into different fractions. 

·As fraction II representing bran and 

major part of fat, antinutrients and 

germ contained a 

rancidity causing 

factors, its removal by milling operations yielded 

fraction I which had better 

shelflife. The milling, 

nutritional value and longer 

therefore, offers scope not 

only-for improving nutritional quality and storability but 

also several sensory attributes of pearl millet grain . 

. Fraction II being rich in oil having a desirable fatty 

acid profile can be used as a source of edible oil. 

More intensive investigations are required to be 

undertaken for developing a milling system for exclusive 

separation of germ and bran from endosperm so that the 

grain components could be put to most t;ffective 

utilisation of the underutilized grain. 
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Fat content ( g/100 g } of pearl millet strains/cultivars 

St·.No. 

1. 

2. 

3. 

4. 

5. 

G. 
,., 
I • 

8. 

9. 

10. 

11. 

12. 

13. 

14. 

15. 

16. 

17. 

18. 

1 D. 

20. 

21. 

22. 

23. 

24. 

25. 

26. 

27. 

28. 

29. 

30. 

Name of variety 

1317/213 

126 

818 x 2014/207 tall 

1768/216 

77/170 X 77/248 

2240/224 

1201/213 

29-11-2/486 

904-1-2-2-2/221 

18-7-3/141 

VCF4-2661-5 

77/337-1-4-3 

IVS-154-2-1-2 (D
2 

dwarf) 

ICR-170 

VCF 
4

-827 

ICH-151 

833-2 

90/4-5 

lll!B-67 F
2 

HHB 60 F
2 

HHB 68 F
2 

HHB 50 F
2 

77/144 

ICMR-1500 

VCF 6 62-1-2 /236 

VCF
6

- 874 

VCF 
4
-264-1/381 

77/371-307 

ICn 202 (Medium) 

CVJ-1-2-1-22 321 

Appendix -1 

Fat content 

7.22 

6.34 

4.84 

6.34 

5.12 

5.94 

7.44 

6.02 

5.04 

4.83 

7.52 

6.60 

6.50 

6.70 

9.30 

7.10 

6.80 

6.60 

8.80 

8.20 

8.10 

8.60. 

7.21 

7.00 

9.10 

7.60 

6.20 

7.40 

9.60 

6.30 



A ppcndix- I con td •.••.•.. 

Sr·.No. Name of variety Fat content 

31. INB 439 7.10 

32 vc 1197-3-14 6.60 

33. INB-486 6.40 

34. IC M PS-5 0 0-3-2 7.52 

35. 30-25-1-1 6.20 

36. 77/8-9-3-5 5.20 

37. 717-2-2-1-14-2/579 7.00 

38. INB 87/74-10 8.70 

39. INB 87/74-61 8.20 

40. VCF 
4

-2224 6.40 

41. 77/122-5-9-2-1-2/304 7.00 

42. VCF 
6
-869 8.00 

43. 77/248-2-5-1 5.90 

44. VCF 
4

-2366 6.50 

45. 77/317 -4-3-3-4 322 tall 8.20 

46. INB-629 5.00 

47. ICR 212/48 tall 6.60 

48. VCF 
4 

2245/185 tall 6.50 

49. 77/360-1-3 6.90 

50. ICR-142 P 5.40 

51. 7-2-2-5-5-1 487-88 5.30 

52. VCF 
4 

1864 tall 7.31 

53. 1275 (+) tall 5.60 

54. INB 759/195 9.60 

55. INB -488 5.80 

5G. 77/273 6.40 

57. INB-689/3 7.00 

58 1275/11 7.40 

59. G-73-107 /555 7.50 

60. HC-4 7.72 



Appendix -II 

Score sheet for tnste puncl/du t.. under Hedonic scale 

Name ---------------------------
Product --------------------------

Test these samples and check how much you like or dislike each one 

Use appropriate scale to show your attitude by assessing points that best descr·ibe 

your feeling about the sample. An honest expression of your feeling will help to 

obtain unbiased data 

Code No. 

Rate 

Like Extremely 

Like very much 

Like moderately 

Neither like nor dislike 

Dislike moderately 

Dislike very much 

Dislike extremely 

Colour Aroma Overall 
acceptability 

Organoleptic Score 

6 

5 

4 

3 

2 

0 

Signature 

Total 
remarks 



Appendix -III 

Score sheet for taste panel/data under hedonic scale 

Name -----------------
Product ---------------- Dated 

Test these samples and check how much you like or dislike each one. 

Use appropriate scale to show your attitude by assigning points that best 

describe your feeling about the sample. An honest expression of your feeling 

will help us 

Code 
No. 

Colour 

Rate 

Like extremely 

Like very much 

Like moderately 

Like slightly 

Appearance 

Neither like nor dislike 

Dislike slightly 

Dislike moderately 

Dislike very much 

Dislike extremely 

FlavoUI' Textur·c Taste Over·all Total 
accepta- remarks 
bility 

Organoleptic scope 

9 

8 

7 

G 

5 

4 

3 

2 

Note : Please rinse your mouth before and after tasting each product. 

Signa turc 
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