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INTRODUCTION 

The different cereals of economic importance, i.e., rice, wheat, maize,
 

sorghum, barley, oats, and millets, all have one characteristic in common 

they are low in the essential amino acid, lysine. Primerily because of the
 

lack of adequate lysine, cereal proteins are inferior nutritionally to the
 

proteins found in milk, meat and eggs.
 

With the discovery by Mertz, Bates and Nelson 
 that the maize mutant
 

opaque-2 had near'y twice as much lysine as 
ordinary maize, scientists realized 

that cereal grain pr:teins could be improved in 3uality by genetic manipulation. 

The recent discovery by Ingversen and co-workurs in Denmark 2 and by Axtell 

and co-work.rs 3 1n the United :tatt ,f higIh lysine mutant-; of barley and
 

sorghum, respectively, rai-.ies th, hope 
 that all cereals of economic impx)rtance
 

may eventually ho improved in prot eii quality 
b' em't ic teil oction. 

The protein quality of a cereal grain can bo ltrmi ned only Iy chemical 

or biological notht, . In a compl|emontary rtak+lt , w rker s at Pujrdue di Pcuss 

the statun of uofv. Io|E'tient f mai.r with i.lr,)v.e1 protoein qua lity , arid briefly 

review t he eht-mi : 1 and i ol (3 ret+it oli a l l o t f,, I ie pl1 ant I reole r to
 

*valu4to pst-atri qtuaitllty. II thls rapl ,rt llio]1Alt
W11 havt o11t I n a1 | t h" Gimlapo 

metu It, titd at Portlti, t hat arty tit t of, e ftjr a 1-rat oryt verely Iimitod 

in eq"Ulite-It 'awI t ali 1,146tmioiel. Wo a toAu~2] .;t etirochlI4u-atorls-y 

riqueat attinlas=l] clheck ::aftpj| (,f ljorfial 41 t+mit+! ritnal qliatit wtth "iown 

contnito (it l4 'tIu i ly)+liin Aiilb !f'- itpt uphati $tu a pii, t I s ato riit ry in 

liti 4' Iba']Nip ftiit fte- tan-lit r c ti clcii iltatm, t" 'Ji v tel lal'ti 'l46t i for a 

plant Iiotee1"Ji j ', tt it, +1i Ilty )-*I.j44tuty fatrilmos . i forl1 ertii wbcora itar* iited, 

bIIorata..r, mcts--w as-a l'dla!ta4 lay 
 jnurpiert raumb re, QIsPl.at rinferti.nOt
by nulra I. psrettheutul. 

http:QIsPl.at
http:i.lr,)v.e1
http:co-work.rs
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SAMPLE PREPARATION 

For all of the tests described below, except the split seed ninhydrini
 

test, the grain sample must be ground to a fine powder. If available, use
 

10-30 grams of a represertative sample. Where quantities of kernels are
 

little as 500 mg of sample will be sufficient for a single
limited, as 


determination with each of the various methods.
 

The sample is first ground in a Wiley mill to pass a sieve of 90 mesh
 

(1) (or an ordinary hand grincier (2)). The ground material is placed in
 

cellulose tlimbles and defatted with hexane overnight in a Soxhiet apparatus
 

(3). The sample is defatted to imp'ove storage qualities and precision
 

of analysis. The defatted sample is allowed to air dry and then ground to 

a fine powder in a small ball mill (4). 

NI'MOGIRN DETERMINATION (PROTEIN) 

The most reliable met'od for nitroqen is the well-known micro-Kjeldahl 

The nimpleslt is the Associationmethod. It is usedl in a vari.ty of forms. 

of Offirial Analytical Cht~mist (A.O.A.C.) mthod which invcilvS di pqestion

with . lufuri : acid ald at!arm distillinIq th( ammoniaoxidation of the nam|pi) 

a cd ao1 ut 10. '11 un borato formedtaMK)un1formed at htfih lollititt a lxIrloh 

il thri titr4atei-d with utarildr,1 hyilrochloric acid. Tho 1 ,ercttnta(I of protein 

mu lti plyin per cnt ilt rulie blythi! fatfor E6.25 (maize,10 obti ni-d bty 

oats, ryd and wheat) 7and S.Utt (barley,millet and riolr.jm), 5.'Th (rice), 


The ratlents and procedure are described bolow.
 

Reaej ent o
 

Sulphuric acid -- ap. qr. 1.5, N-free.
 

Catalyst mixtuto -- 190 q of Y05 4 and 4 q KgO.
 

Sodium hydroxde -- sodium thionuitate solutio, DiOtlV. 000 9 of
 

http:riolr.jm
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NaOH in 1500 ml of cold distilled water, adding small increments of the
 

alkali at a time with constant stirring. Dissolve 100 g Na2S203.5H20 in
 

distilled water 'use 200 ml or less). Mix the two solutions and dilute to
 

2 liters,
 

Indicator dye -- Mix one part of 0.2% methyl red in ethanol with 5
 

parts of 0.2% bromocresol green in ethanol.
 

Standard hydrochloric acid -- 0.02N.
 

Boric acid -- 4% solution.
 

Procedure
 

Accurately weigh (5) an amount (40-50 mg) of sample and place in a
 

30 ml ijeldahl digestion flask. Add 2 g of catalyst mixture and 2 ml of
 

sulphuric acid.
 

Gently heat the flask on a rotary digestor (6)until the frothing
 

ceases. Raise the temperature to boiling and boil for 1 hour after the
 

contents of the fIa3k are clear.
 

Coolp and add 8 -.d distilled water. 

Transfer the dlqg nt to a steam distillation apparatus (7) via the 

sample funnel and jinse the flask 5-6 times with 1-2 ml portions of distilled 

water. 

Place a 50 n I Erlenmoyer flask containing 5 ml of boric acid and 4 

drops of mixed inuicator dye beneath the condenser, with the dolivery tip 

immersed in the solut ion. 

Add 15 ml of th, nodium hydroxide-sodium thionulphato solution to the 

digest, rinan tho nample funnol with water and start steam distillation. 

Collect dlistill4t. for 4-5 minutes, then rinao the coridanser tip with 

water and titrate the diatillate plus rinsinq with standard hydrochloric 



-6

acid in a microburette (8) to a grey or blue end-point.
 

Run a blank containing the same quantities of all reagents but without
 

sample for every set of nitrogen determinations. Also run a check sample
 

of cereal grain of known protein content.
 

Calculate the percentage of nitrogen.
 

% N - (ml HCl-ml blank) x normality x 14.007 x 100
 
mg sample
 

NINHYDRIN TEST 

Mass Screening Test 

Mertz, et al.8 have rho-sn that high lysine mutants of maize, sorghum,
 

and barley give a more intense blue color with ninhydrin than their normal
 

Mass screening
counterparts because (- higher levels of free amino acids. 

of floury endosperm types can be made rapidly with this method. Mass 

screening of vitreous endospei'm types is slower because of lack of penetration 

of the ninhydrin reagent into the exposed surface of the edosperm. With 

vitreous endosperm the kernels carL be ground before testing. The procedures 

are described here. 

Ninhydrin |eaqent 

Grind a mixture containing 16 parts (by weight) of ninhydrin (practical),
 

58 parts of sodium citrate and 26 parts of citric acid to a fine powder with 

a murtar and pestle. Store the mixture in a brown glass bottle and protect
 

from moisture. Under dry conditions in darkness the mixture does not deteriorate, 

Floury Endosperm Cereals
 

for Sinle Seeds. Expose the endosperm near the
Non-bestructive Method 

crown by rubbing the crowt on sandpapor. Mount seed in modeling clay. Apply 

a 3% ninhydrln reagent solution (300 mg in 10 ml of water) to the exposed 
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endosperm. Allow to stand 5 minutes, then warm the surface with a source
 

of hot air (i.e. hair dryer) or a heat radiating source. Treat a control
 

normal kernel and an opaque-2 kernel (if available) the same way and note
 

the differences in color intensity. The high lysine kernel should have a
 

much darker blue color (see color plate for maize in reference 4).
 

Destructive Method. Place 5 kernels of maize, 15 kernels of sorghum,
 

or 10 kernels of barley (or other cereal grain) in a 15 x 150 mm Pyrex test
 

tube, after splitting the kernels lengthwise. Cover with 10 ml of 3%
 

ninhydrin reagent solution and heat to boiling. Allow tubes to stand 5
 

minutes and compare with similarly treated normal kernels (see reference
 

8 for photograph of relative color intensities). If the colors are too
 

intenre, dilute all samples equally with water, if too faint, increase the
 

number of kernels per tube.
 

Vitreous Endosperm Cereals
 

Non-Destructive Method for Single Seeds. From vitreous seed a maximum
 

amount of endosperm is removed without damage to the embryo. The endosperm
 

portion is weighed roughly on a balance (5), and placed in an 8 x 75 mm 

Pyrex test tube. Approximately the name weight of endospTerm from a normal 

(and opaque-2 kernel if available) in placed in a separate test tube. The 

endosperms are ground to a powder in a small mortar and pestle and returned 

to the test tubes. one ml of 3%ninhydrin reagent is added, the tube in 

heated to x)iling, then removed from the heat. The color develops within 

5 minutes.
 

Confirmatory Ninhydrin Test
 

If tho color differences between a possible high lysine cereal and its
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normal counterpart are not marked enough to classify the former or
 

confirmation of the visual test is desired, a confirmatory ninhydrin test
 

8 
can be performed
 

Reagents 

In order to prepare the ninhydrin reagent for testing cereals, two
 

basic reagents are first prepared.
 

Dissolve 400 mg of reagent grade stannous chloride (SnCl .2H20) in
 

250 ml of sodium citrate buffer (4.3 g citric acid and 8.7 g sodium citrate
 

diluted to 250 ml with water after adjusting the pH to 5.0 with sodium
 

hydroxide using a pH meter (9)).
 

Dissolve 10 g ninhydrin (practical) in 250 ml of methyl cellosolve.
 

Mix the above two reagents in equal volumes. Filter if necessary
 

and store in a dark bottle away from light. Fresh reagent should be made
 

at least twice a week for routine analysis. Avoid contact with skin.
 

N-propyl alcohol solution, 50% aqueous solution (v/v).
 

Procedure (Cori as an example)
 

Suspend 100 mg of sample (defatted ground endosperm or whole kernel)
 

in 10 ml distilled water in a 125 ml Erlenmeyer flask.
 

Shake at room temperature for 20 minutes (10).
 

Centrifuge (11) and filter the supernatant if necessary.
 

Place 0.10, 0.15 and 0.20 ml of the corn supernato in separate
 

15 x 150 mm Pyrex test tubes and dilute to 0.5 ml with distillod water,
 

Add 1.5 ml of ninhydrin reagent anI mix well.
 

Hoat the the tubes in a boiling water bath for 20 minutes. Cool to
 

room temperature. 

Add 8 ml of 50% N-propyl alcohol and mix vigorously on a Vortex mixer 

(12). 
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Read the absorbance in a Spectronic 20 spectrophotometer (13) at
 

570 nm.
 

Preparation of standard curve: Place at least 4 increments of
 

L-leucine solution (0.5 pm/mil) in separate test tubes as described above
 

for the corn supernates and dilute to 0.5 ml with distilled water, and
 

carry the tubes through the color reaction. Plot micromoles of leucine
 

on the X-axis and absorbance on the Y-axis.
 

Plot the absorbance of the corn samples on the standard curve and
 

read the leucine equivalents. Calculate the leucine equivalents per 1.00 mg
 

of proteiL (from micro-Kjeldahl value) for each coin sample. 

TRYPTOPHAN IN MAIZE 

Maize is the only cereal grain with a major deficiency in the essential 

amino acid, tryptophan. LysinC and tryptophan are about equally limiting 

in the maize endosperm, where they are consistently present in a ratio of 

approximately 4 parts of lysinc to I part of tryptophan. Tryptophan can 

therefore be used as an indicator of the protein q(ualiLy of malze. When 

the tryptophan level of the endos pern Inc reas-es , an Inc rease equal to 

approximately four tmes tle trylPtO1ihaii 1tc rv' s will he oblse rvd in 

.
lysine 9 A breeding program for improvd pilotel n quality in maize h1a 

been carried on succelitiully 11at CMIMYI' uS1Jg the Iollowing tryl)tophan 

assay on maize ,nldtosperm . The most promiising selectionn are usually 

analyzed for ly inc to confirm th, precence of acceptable levels of thuis 

amino acid.
 

Sample Preparation for Maize Endosperm Analysis 

Endosperm in used for tryptophan analynis because the embryos of normal 

and mutnnt maize kernels contain the same levels of tryptophan. This tends 
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to reduce the differences between normal and mutant whole kernels. Also,
 

removal of pericarp reduces the chance of undesirable pigments interfering
 

with the colorimetric determination. To prepare a sample of maize endosperm
 

for analysis, proceed as follows:
 

1. Use a random sample of 10 seeds from one ear.
 

2. Wash off pesticide if seeds have been treated.
 

3. Soak seeds in distilled water for about 30 minutes. Peel off
 

the pericarp with a scalpel and remove the germ. The remaining endosperm
 

tissue is air dried overnight, ground and defatted as described under
 

sample preparation.
 

For non-destructive single kernel analysis, seeds are washed to
 

eliminate pesticide and then air dried. A small portion of endosperm from
 

different sites of the kernel are drilled out with an electric drill
 

using a 1/16 inch bit. The endosperm grindings from one kernel are
 

combined, air dried and ground to a fine powder.
 

Reagents
 

The color reagent for tryptophan contains glyoxylic acid produced by 

mixing reagents A and B below. 

Reagent A: 270 mg of FeC 3.61120 are dissolved in 0.5 ml of distilled 

water and the 8oluliou diluted to 1 liter with glacial acetic acid 
11
 

27.acetic anhydridecontaining 

Reagent B: JON sulfuric acid
 

Mix equal volumes of the two reagents A and B about one hour 

before use (Reaygent C). 
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Papain solution: Papain-technical powder is dissolved in 0.1N sodium
 

acetate buffer at pH 7.0 to a final concantration of 4 mg/mi. Prepare
 

the enzyme solution daily,
 

Procedure
 

1. Place 100 mg of endosperm sample Into a 20 x 65 mm screw cap
 

vial (3 dram glass vial with cap). Add 5 ml of papain solution. Cap
 

the vials and mix well. Incubate in a 65C oven (14) overnight. Include
 

a blank (5 ml of papain solution) with every group of samples.
 

2. Remove digest from oven, shake and allow to cool to room
 

temperature. Centrifuge and decant the clear supernate d-gest.
 

3. Pipette 1 ml of the clear digest into 
a test tube. Add 4 ml of
 

reagent C (FeCl3-acetic-sulfuric). Mix using a Vortex mixer and allow the
 

color to develop at 65°C for 15 minutes; then cool the tubes to room
 

temperature.
 

4. Place tubes in a Spectronic 20 and read the absorbance at 545 
nm.
 

5. Using the absorbance values obtained with pure L-tryptophan 

prepare a standard curve in the range of 0-40 mg of tryptophan per ml. 

Use 1 ml portions of trypt~.phan solutions with 4 ml of reagent C (step 3). 

6. The tryptopnan content of the maize samples can he read from the 

standard curve. The values should be calculated on the basis of grams of 

tryptophan por 100 grams of protein (micro-Kjo1dahl).
 

LYSINE IN NON- PIOMENTED CEREALS 

The ideal simple method for direct d't,rmination of lysino in cereals 

is yet to be found. All methods have disadvantages. The method developed 

by Tsal and coworkers 12 as modified by Villegas10 has Loen the most 
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satisfactory to date. However, in some cases the lysine values by this
 

method tend to be higher than those obtained by ion exchange. Fortunately,
 

both the normal and the high lysine cereal samples are higher in lysine
 

so that the relative difference between the two is similar to 
that
 

observed by ion exchange. This emphasizes the necnasity of using standard
 

check samples of the normal and high lysine cereal in order to calibrate
 

In addition, the method works only on non-pigmented cereals.
the method. 


The

For example, high tannin

13 sorghums give unusually low lysine values. 


reagents and method are described below.
 

Reagents
 

This reagent is a suspension of copper
Copper Phosphate Reagmnt. 


phosphate in borate buffer.
 

Borate buffer (0.05 M, pH 9.0).
 

Copper phosphate suspension:
 

2.8 g CuC 2.2H20 in 100 ml distilled water.
Solution (a): 


Solution (,)1 13.6 g. Na3PO4.12 H20 in 200 ml distilled water. Pour
 

solution (a) into (b)with swirling, centrifuge and discard the supernate.
 

Resuspend the pellet three times in 15 ml of borate buffer and centrifuge
 

after each suspension. After the third washing, resuspead the pellet ir
 

80 ml of borate buffer. The reagent must be prepared fresh about every
 

aeven days.
 

Pyridine Reagent. Just prior to use, prepare a 3% solution of
 

2-chloro-3, 5 dinitropyridine in methanol.
 

Simulated corn protein pattern for preparation
Amino Acid Mixture. 


of standard curve (Villegas modification1
0 of Tsai method 2). Prepare a
 

synthetic acid mixturo by grinding together isn a mortar the following
 

http:Na3PO4.12
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quantities of pure amino acids:
 

(In milligrams): alanine, 30, arginine, 50, aspartic acid, 60,
 

cystine, 20, glutamic acid, 300, glycine, 40, histidine, 30, isoleucine,
 

30, leucine, 80, methionine, 30, phenylalanine, 40, proline, 80, serine,
 

50, threonine, 30, tyrosine, 30, and valine, 40. Dissolve 100 mg of this
 

mixture in 10 ml of carbonate buffer, (0.05 M, pH 9.0).
 

Papain Solution. Papain-technical powder is dissolved in 0.lN sodium
 

acetate buffer at pH 7.0 to a final concentration of 4 mg/ml. Prepare
 

the enzyme solution daily.
 

Procedure
 

1. Place 100 mg of the finely ground, defatted endosperm or whole
 

kernel sample into a screw cap glass vial, add 5 ml of papain solution
 

and follow instructions as given for tryptophan analysis to prepare
 

papain digest.
 

2. Pipette 1 ml of the supernate digest into a 15 ml centrifuge tube 

and add 0.5 ml of carbonate buffer and 0.5 ml of copper phosphate suspension. 

3. Shake the mixture for 5 minutes (Vortex mixer) and centrifuge.
 

4. Pipette 1 ml of the supernate into a 15 x 150 mm Pyrex test tube,
 

add 0.1 of the pyridine reagent and mix well (Vortex mixer). Cap the
 

tubes with rubber stoppers and uhake for 2 hours at room temperature (10).
 

5. Add 5 ml of 1.2 N HCl and mix well (Vortex mixer).
 

6. Add 5 ml of ethyl acetate, invert capped tubes at least 10 times,
 

then remove the top layer (ethyl acetate) by inserting a 5 3/4 inch disposable
 

pipet (15) or equivalent connected to a water aspirator. This step should
 

be repeated 3 times.
 

7. Determine the absorbance of the aqueous phase in a Spectronic 20
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at 390 nm. Relate absorbance of cereal samples to the corresponding
 

lysine value on the standard curve (step 8) and repox as lysine in grams
 

per 100 gramsprotein (micro-Kjeldrhl).
 

8. Preparation of standard curve: Dissolve 62.5 mg of pure lysine
 

mono-hydrochloride in 50 ml of carbonate buffer (1,000 pg lysine/ml).
 

Prepare solutions to give the following concentrations of lysine: 0,
 

200, 400, 600, 800, and 1,000 gg lysine/ml. Mix 1 ml of these 4 solutions
 

with 4 ml of papain solution to give 0, 40, 80, 120, 160, and 200 pg
 

lysine/ml. Pipette 1 ml of each of the 6 standards into separate 15 ml
 

centrifuge tubes. Add 0.5 ml of the amino acid mixture, and 0.5 ml"
 

of the copper phosphate suspension and do steps 3 to 7.
 

DYE BINDING MASS SCREENING TEST 

The dye binding method was used successfully to identify a high lysine
 

14barley in the world barley collection . It has been used for years as
 

a rapid method to determine protein in wheat and other grains. Udy (16)
 

markets a complete dye binding kit.
 

In order to use the dye binding method to screen for high lysine cereals,
 

both the dye binding capacity value and the total protein value (micro-


Kjeldahl) are needed. This is because the acidic dye binds to ihe basic
 

amino acids arginine, histidine and lysine in the cereal proteins. In
 

high lysine mutants, arginine and lysine are elevated and this raises
 

the dye binding vaiue. Simple increase in total protein also raises the
 

value, so the dye binding value mu t be divided by the protein value in
 

order to eliminate the effect of protein changes. Higher than normal dye
 

binding capacity per uniof protein identifies high lysine mutants.
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For a large scale screening program, the Udy kit is recommended. If
 

funds are not available for this kit, a method using standard laboratory
 

equipment and the Spectronic 20 is reconmiended. The latter method is
 

described below.
 

Reagents
 

Buffered dye solution -- Dissolve 2 g of acilane orange G, 15.84 g citric
 

acid, 2.98 g of Na2HPO42H20 and 0.3 g of thymol in one liter of distilled
 

or deionized water at 800C. The buffered dye solution contains 0.65
 

absorption units per ml at 580 nm (Spectronic 20).
 

Procedure
 

To 200 mg of ground defatted whole kernel add 15 ml of buffered dye solution
 

(an excess of dye), and agitate until the dye has become equilibrated with
 

the reactive groups of Lhe cereal sanple. This requires 5 minutes with a
 

blender (17) or homogenizer and probably longer with a standard shaker.
 

Filter or centrifuge the suspension, dilute the filtrate 200-fold with
 

water, and read at 480 nm against the original buffered dye solution also
 

diluted 200-fold with water. The difference in absorption units per unit
 

volume between the sample and the original dye solution gives the dye binding
 

capacity of the sample. When the value is divided by the total protein
 

content (micro-Kjeldahl) of the sample, one obtains the dye binding
 

capacity per unit of protein.
 

BIOLOGICAL ASSAY IN RATS 

Several methods are available for the determination of the protein
 

quality of cereals with rats. The majority are based on the biological
 

response of young weanling rats to a complete diet in which the cereal
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grain supplies all of the protein. The response of the rat to the cereal
 

protein cen be measured in several ways, for example, weight gain, weight 

gain per unit of feed consumed (Iced effl citicy ratio or lER), weight 

gain per unit af prottill olititiltmcd (pinttt ifn reiy ration or gainrAli lEI)* 

in carcass protein per unit at pirott1ni consumcd (,ct Iptt )IIutilization 

or NPU) or rate of body weight change ot animal Id various lcvels of 

the cereal protein compared with that obtai nd with animals ted a reference 

protein such as ANRC caie in (rvlati y pratt in valut' oi UIV). 

At Purdue nmia/.4, and tor), ,imu p tatrin hat"vc beten tvalua ted usi ng tilhe 

PER method. TheIPER wiltics obta i nd withL opaiqtit-2 mat/i.. ill rltts arc 

approximately 90, ot th. valub oht.linled 00 Ls, in, liema jor protein 

in milk. Sinct- workers in Guate.il1 and il lIldi ittiind opaque-2 

maize to be 90 per cent ai ci tcctive a milk piott'in tor ther pretichool 

child, the PER method in rat.s can hev on.,ideti toa a.turately predict 

the protein value of thi improved c. rcal grain lor' humanh, 

We present the details of a typical ioassay otadilfrtnt Lcereal 

,grains as carried out in our labr.itory tviing the PERl" method. 

Tie samples assayed art, discribed in 'Vablt I. All niartplc"were 

analyzed in duplicate for total nitrogen (micri-KJ ldalil), moilsture, (at, 

.
fiber and ash based on st andard AOAC mvthiodt; Oi the hai of lthese 

analyses, the total fat content of the diet wai tiet at 5'L, total mineral 

plus anh content wae et at 51., no correct ion were nulde tfa mol sture 

and the fiber content was adjusted to a minimum of 2. by addin g cellu-flour. 

With these parameters fixedl, the Iioury-2 nample established the minttimum 

protein level at which all samples would be fed: a level of 8.8% protein 
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(9.3 x 94.6) slightly below the 10% protein level usually used in PzR
 

determinations. Table 2 shows the final composition of the diets used
 

in the feeding tests. All cereals were ground in a burr mill.
 

Table I
 

Identification and Proximtate Analysis of Cereal Samples
 

;&lIe Identiflcition 

C1-4857 CIMMYT Tuxpjeno, opdque-2 
maize (soft enIoperm) 

CH-4858 CIMMYT Tuxpti, norm-il 
maize (h.rd etfitupnrm) 

0H43 x 814 

IS 2319 

Purdue, near-i o(jenl c 

floury-2 vers ion of 
01143 x l4 
Purdue low jlU9ment 

sorghum 

CH 4859 CIMMYT 7 Cerros, wheat 

CT 4861 CIMMYT 51-132, tritlcale 

ANRC casmin Antiresl 14uttt iou 
lHonoarch Counuci I 
(for'e'ric ciuoi n 

aShoffield Chemical Co., Union, N. J. 

Protein 

9.7 

9.6 


9.3 

11.7 

11.1 

14.6 

91.0 

Moisture 

8.0 

7.9 

6.5 

6,7 

5.9 

6.4 

4.8 

Fat Fiber Ash
 

4.4 2.5 1.8 

4.2 2.3 1.4 

4.2 2.4 1.7 

4.3 2.0 1.7 

1.5 2.9 1.6 

1.6 2.6 1.9 

- - 2.3 
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Table 2
 

Composition of Diets Containing 8.8% Protein
 

a )
Diet Protein Source Cottonseed Mineral Vitaminb Cornstarch
 
Oil Mix Mix
 

1 04-4857 90.8 1.0 3.4 1.0 3.8 

2 04-4858 91.7 1.2 3.7 1.0 2.4 

3 01143 x 314
 
(floury-2) 94.6 1.0 3.4 1.0 0.0
 

4 IS 2 319c) 75.2 1.8 3.7 1.0 17.8 

5 04-4859 79.3 3.8 3W7 1.0 12.2
 

6 CT-4861c) 60.2 4.0 3.9 1.0 30.4
 

c )
7 ANRC Casein 9.7 5.0 4.8 1.0 77.4
 

a)Hawk-Oser salt mixture No. 3, Nutritional Biochemicals Corp., 

Cleveland, Ohio. 
b)vitamin Fortification Mixture for the rat, Cat. No. 40060, General 

Diochemicals Corp., Chaqrin Falls, Ohio. 
C)Add 2% cellulose (Cellu Flour or equivalent ) for casein and 0.5% 

for sorghum and triticales samples. 

Rat Feeding Tests 

Ten male weanling rats (Wistar Strain) with an average initial weight
 

of about 50 q were used for each cereal. The rats were housed in individual
 

wire mesh cages and supplied with ground feed and water ad libitum. Special
 

feed cups (18) were used which minimized the scattering of food and permitted
 

accurate recording of the feed consumed. Each rat was weighed at weekly
 

intervals for 28 days and an accurate record of food consumption was made.
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Table 3 presents the summary results for the 28-day period, using the
 

PER for ANRC casein as the standard, Table 3 shows that the protein quality
 

of the various cereals ranged from a low of 38 per cent of casein for
 

sorghum, to a high of 87 per cent of casein for opaque-2 maize in the 28-day
 

feeding trial. At the end of the first seven days the calculated per cent
 

of casein PER was (columns 2-7), rospectively, 83, 49, 53,39,57 and 65 indicating
 

the same rank ordering (except for wheat) of cereal protein values as that
 

obtained in 28 days. Wheat and corn were 47% 
as effectivc as casein in
 

14 days. Average amount of cereal grair? consumed by the ten rats in 7 days
 

was (in grams) 530 (opaque-2 maize), 410 (normal and floury-2 maize), 300
 

(sorghum), 332 (Vwheat) and 264 (triticale). In the 7-day test, n'.rmal and
 

floury-2 maize differed significantly at the 1% level from opaque-2 maize.
 

Triticale differed siqnificantl at the 5% level from sorghum; however,
 

wheat and sorghum showed no difference.
 

In the 2P day test the same differences seen at 7 days were also observed
 

at the 1% level for all cereals; however, wheat now differed significantly
 

from sorghum. The 7-day test could thus be considered satisfactory for
 

screening in breeding programs where quantities of grain for biological
 

testing are very limited. Similar results have been obtained at Purdue
 

using 6 rale weanling rats for 14 days instead of 10 animals for 7 days.
 

However, when adequate amounts of the cereal to be evaluated are available
 

the 28-day AOAC feeding test utilizing 10 rats is considered to be the
 

standard and should be used for all critical materials.
 



-----------------------------------------------------------------------------
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Table 3
 

Protein Efficiency Ratio (PER) Values of Cereals and Casein
1
 

01143 x B14 IS 2319 CM 4859 CT 4861 ANRC
CM-4856 CM-4858 


Opaque-2 Normal Floury-2 Sorghum Wheat Tritic'le Casein
Items Compared 

Maize Maize Maize
 

Average initial
 
49.5 49.6 49.5 50.6 50.6 50.4 49.5(50.6)*
weight (g) 


Average weight
 
19.6 27.0 37.8 85.1(89.6)*
gained (g) 87.1 32.6 36.9 


Average total
 
214.5 227,3 171,6 193.9 213.3 290.2(314.2)*
feed consumed(g) 340.2 


PER (g gain)/g
 
3.34(3.32)*
 protein 2.90 1.72 1.83 1.28 1.57 2.01 


Per cent of
 
casein PER 87 51 55 38 47 60
 

------------------------ I-----------------------------------------------------
1Duration of experiment = 28 days. Ten male rats in each group.
 
Casein control for sorghum, wheat and triticale in parenthesis. These three were
 
studied in a separate feeding test with their own casein control.
 

http:3.34(3.32
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SUMMARY AND CONCLUSIONS 

We have been continuously evaluating simple methods for protein, lysine
 

and tryptophan in cereals and consider those described in this circular to
 

be the best available at the present time. From time to time new assay
 

methods are proposed and as better methods are developed they will replace
 

those described. 
 Both the ninhydrin and the dye binding tests are recommended
 

for mass screening of large populations. Neither method measures lysine alone.
 

The former is more rapid because it does not require the determination of
 

total protein. The former measures total free amino acids, the latter total
 

basic amino acids. Once promising selections are identified, estimation of
 

their lysine content can be made using the micro-Kjeldahl method combined
 

with the colorimetric tryptophan test 
(maize endosperm) or with the colorimetric
 

pyridine test for lysine (other non-pigmented cereals). Those samples showing
 

the best protein quality and quantity using these simple chemical tests can
 

then be finally evaluated biologically using the PER method with male
 

weanling rats. 
 Other methods for bioasray are being developed, but none
 

has been so thoroughly tested and used.
 

Using the simple methods described in this circular, it should be possible
 

to provide a chemical and biological index on all newly improved crop varieties
 

at the time they are registered for commercial production, a necessity as
 

nutritive values become as important as the capacity to yield.
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EQUIPMENT* 

1. Wiley mill. Catalog No. 8670. Scientific Products Co., 1210 Waukegan
 

Rd., 	McGaw Park, IL 60085. Price $362.00,
 

2. 	 hand grindor. Arthur I. Thomas Co., Mill, hand irinder. Cat. 3371-H10. 

Price $20.00. 

3. 	 .;oxhlet apparatus. Scientific Products Co. 

a. 	 Extraction apparatus - Cat. E6250-2. Price $44.34. 

1. 	 Thimbles Cat. E6480-8. Price $ 4.50. 

c. 	 Hleatinq mantle Cat. 111640-3. Price $26.15. 

d. 	 Autotransformer Cat. E2101-1. Price $34.00 

4. 	 Small ball mill. Wig-L-bug Amalgamator. Crecent Dental Mfg. Co.,
 

7950 W. 75th ';t., ] I, Price $ 101.00.
Tns, 60534. 

5. 	 Smi-rnLcre alance. Scientific Products Co., 1210 Wauq'-an, Rd., 

McGaw Park, 11, 60085. Ainsworth Type 28N Balance; Semi-Micro, 

Cataloq No. Pi498-2. Price Y 595.00. 

6. 	 Rotary diuwe;tor. (microkjeldahl). Rotary kjeldahl (digestion apparatus 

(12 place)). Cit. 4-1859. American Instrument Co., Inc., 8030 Georgia 

Ave., Si lver Springs, MD. Price $ 275.00. 

7. 	 Steam distillation apparatus (mi' rokjeldahl). Arthur H. Thomas Co.
 

Cat. 7053-J10. Price $ 288.00.
 

8. 	 Microlurtte. Arthur If.Thomas Co., Cat. 1993-C20, Price $ 62.00. 

9. 	pl! Meter. F'isher Scientific Co., Catalog 16-637-10. Price $235.00. 

10. 	 Shaking apparatus. Scientific Products Co., Shaker, Eberbach, Cat. 

S-1100. Price $ 290.00. Carrier utility, Eberbach, Cat. S-1101-2. 

Price $ 28.00. 

11. 	 Centrifuge. Scientific Products Co., Centrifuge, Dynac, Adams, Cat.
 

1416-6. Price $292.00.
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12, 	 Vortex mixer. Scientific Products Co. Mixer, Vortex Cat. S-8223
 

Price $65.00.
 

13. 	 Spoctronic 20 spectrophometer. Fisher Scientific Co., 711 Forbes Ave., 

Pittsburgh, PA 15219. Spectrophotometair, Spect roil i c 20. Cat. 7-143. 

Price $425.00. Infrared tube and filter. Cat. 3.6-637-10. Price $12.00. 

14. 	 Oven. Scientific roducts Co. Single wall transite oven. (at. N-86288. 

Price $.25.00. 

15. 	 Disposable pipet. Scientific Products Co., Dispo pipots. Cat. P5205-i. 

Price $3.50 for 1 gross. 

16. 	 Udy dye binding kit. Udy Analyzer Co., P. O. Box 148, Boulder, Colorado
 

80302. Protein Analyzer, Model S. Cat. S-1O00. Price $1,445.00.
 

17. 	 Blender. Scientific Products Co., Blender, Waring. Cat. S-8350-2.
 

Price $37.95.
 

18. 	 Special feed cups, Wahmann Mfg. Co., P. O. Box 6883, Baltimore, MD 

21204. Food Device, Cat. 7010, LC.-306A. 3 1/8" inside diameter, 

1 5/8" deep. Price $2.25 ea. 

Current prices may be higher than those quoted. Mention of firm names or
 

trade products does not constitute endorsement by Purdue University over
 
others of a similar nature not mentioned.
 

It Is the policy of the AgriculturalExperiment Station of Purdue University that all prsons shall have equal opportunity 
and accss to Its programs and facilities without regard to race, religion, color, sex or natural origin. 
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