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,..... 70 tlgu.reS n:rer to sample. Proximate analysis is needed to adjust di~t so that aU ~ompatilions between samples and ref. mat4':riaJ shall be made with die!..'i having same conrent uf N. fat. ash, moisture. and crude fiber. 'These suggested levels of fat, ash. moisture, !Llld crude: fiber w: desimble whenever prMimatc analysis of sample pennits. 
s. ~men"" An/m.1s 

Laboratory rats, mules. sball be frcro same colony, aud maintained dwi ng period before weaning upon diet and under cnllironmenw conditions that will providc for normw devel­opment in all :e~pects; wcaned; i1:21 days of age but ~28 days of age; range of indillidual rat wt:s :unong animals used shall be :S 10 g, When !Lllimals are transported from breeding colony ro test laboratory, 4K:climation period of ~3 days but <7 should ~cede leSt. 

C. As&liy GrgllIM 
AssembJe groups of 2: 10 rats. III assay uf eal:h material pr0-vide 1 group that will n::c:eivc:; ANRC ref. ca.&c:in. One ref. casein group may be used for cUCCUtnlnl a8say of ;> I assay material. When assembli.ng of all groups i. .. complete. total number of rats jn each group mLlst be the same, and av. Qlt of rats in my I group on day beginning assay period must not exceed by >5 g avo wt of rats in any other gltlLlp. 

D. bAy Pariod 
Thtougbcut assay period keep eac;:h rat in inc1ividual cage and provide: with appropriarc assay diet and J{lD 011 /ibirwn. During assay period maintain all conditions of et\'lrjltlamcnt as unifonn as possible with rt:l>-pect to ~h of glVllp$ being com­pan:d to ANRC ref. casein. Re«:ord bo4y wt of ea.;:b rat on begjnning day of assay period and body wt and food intake of each rae at i':gulat interVals, no! > 7 days, and on 28th clay aficr beginning of assay period. 

E. Calcuillfion anti T IllJular/an til RNuIrti 
Calc. avo 28 day wt gain and protein (N x 6.25) intake pet (3t for each group. Calc. ProreiD Efficiency Ratio (PER) (wt gain/protein intake) for each group. Oct. ratio)( 100 of PER for ~h assay group to PER for ANRC casein ref. group. Tabulate 28 day wt gains, protein intake. PER, and ratio )C 100 of sample: PER (0 ANRC Rc:f. Casein PER for each assay group. Rcpart protein quality of sample as ratio x 100 of sam­ple PER to ANRC R¢f. ~n PER. 

Refs.: JAOAC 43. 38(1960); 48, 847(1965). 

$82.30 

A. PrIncIpia 

Protei" Eftlciency Ratio 
Calculation Method 

FIrst Action 

Ptutein efiicic:DCl' ratio is calcc1 from the e:Nicntiai amj1JO acid compoaitit:m of sample prorcin (DC-PER) or from both eslieD­tial amino ~id composition and enzymatic digestibility of sample prot.c;in (C-PER). Used together, C·PER and DC-PER model II are capable ()f providing rellable e.'l1S of protein quality for majority or food.! and food ingredients cUITCntly in use. Rat bioat>say, 936.14, remains I)fticial method fordetg protein qulllity; C-PER and .DC-PER assays a:e alternative methods for routine qUOllity control screening of foods and food itlgre­dicnts. Use of both a.s.says is tccommended when estg protein quality to provide internal ~hec:k. Expcrien" indicates that. in rare tases, the: 2 models will report 'Illite: diffcrent csts of pr0-tein quality. When ttlis occurs, it should be tcgat(fcd a,'I II warning that the: sample ~nder anaJysi:c iii ptubably; 

(1) sing1e~~11 plOtein or pro[ein surrolmdcd by heavy ccll I w31ls (e.g .• yeast or wheat bran). when:: DC·PER will o"~sL pror.ein quality, or 
(2) partially or completely predigested proteins (e.g .• li~. I protein supplements). where C·PER WIll underest. proteID quality or . 'fi .. (3) prot'-'!il'l Sources known to possess Signi Catlt quantlElCs of prolCUlytic inhibitor.; (.e.g., impropcrly .heat-tt~ed soy pro. I tein). whci': DC-PER. will oven::>t. protem qUallty. For major discrepancies in PER predictions of the 2 models, use nit assay ali lIIISay of choice to est. prutein qualit}. CompurationaJ procedures for obtaining C-PER aJJd DC·PER ests are 100 lengthy for repetitive hand calcn. For routine use uf assay, it is t'eIXlnuDcnded that algorithm be pl~cd 01'1 com­puter. 

B. A,..,.ru. 
(a) Amino Q4:id a.naly%lt'r.-Able 10 a£:curateJy mcasun: in­dividual amino acids at COncIlS as low lIS 20 nma1.ar. Must be std2d using known amino acid srds At least once every 24 h. (b) Hydrolysis tube.y.-Any sui KiIDal/Pyrex tcst lUbe or ampule ~ IS mL cllpacity. 

(c:) Wat~r-jad'~ttd cirlZmber.-To fit on stir plate and con­nected to 37° circulating H20 bath. 
(d) WloUl!r Ixlth.-5S". 
(t) pH meler.-Having combination pH el~,:trode and ca­pabJ.e of reading to 0.01 pH unit. 

e. "...,.,. 
(a) ANile fe/erence case-in.-Available from New Zealand MUk Products. J269 N McDowell, PO Box 80816, Petaluma. CA 9497S·8016; or Tc:ldad. a HariaQ Sprague Dawley, Inc .• Co., PO Box 4220, Madison. WI 53711. (b) Ami"" oeid suJ.s.-ASP. THR, SER, GLU, PRO, GLY, ALA. VAL, MET, ILE, LEU, TRY, PHE. LYS, HIS. AMM. ARG, CYS, and TRP. Available from any amino at.::id ana­lyzer supply house (e .g., Beckman InstNments, Inc., No. 3.38088; Pierce Chemical Co .. Amino Acid Standard Klt 22, Na.200(5) . 

(c) Petformic acid.-Add 1 mL 30% HZ0 2 to 9 mL formic at.::id (88%). LeI stand 1 h and cool to OQ. 
(d) Bl4.ffer SO'II.-U~ buffer recuJDlnended far sample diln for amino acid analyzer. 
(e) Enzyme so~·.-Usc the following cnzymus (Sigma O1cmicaJ Co.) or their eqWv.: porcine ~tic ~ (Type IX), porcine intestinal peptidllSe (Gracie 1). bovine pancreatic q.~hymocxypsin (Type: U), bacterial protease (PronU3C P or E). Som A.-Dissolve 2:27 040 BAEE Ilnil~ of trypsin + 18,60 BAEE units of u-chymu-trypsin + 0.520 L.-Icl.lcinc ~­naphthyl amide units of peptidase in 10 mL H20. Sou. B.­Dissolve 6$ casein utlits of bacterial protease in 10 mL H:O. S[ote badl solos On ice . 

(f) COfItI'f)1 pfOle;n.-Suspend 10 g ANRC Na cueinate (a) in lOO mL H;O Illld adjWjt to pH 8 with NaDH. Mainrain at pH 8 2: 1 h. Freeze-dry ;snd det. N content by Kjeldahl methud. 
D. Nlf"" .. DerrlrmllNlllon 

Det. N by 9S5.04C, 910.39A, 976.0SA, or other appropri­ale Kjc:JelahJ method. 

E. Simple HyfIrolysJB 
(a) Ac:id h)ldroly.ri~.-Place ca 0.1 g (weigh ta 0.1 I1'Ig ac­cuney) satl'lplc in hydrolysi~ rube, add 10 mL 6N HCl. and mix. Freeze in dry ice-alcohol bath. Dtllw and huld vsc. of !$SO I" fot I min; seal tub¢ UDder vac. Hydrolyze 24 h at 110 :: 1". Cool. open tube, and filter hydrolysate tbru WbIltInan No. I paper; rinse tube 3 times with H20 Clnd filter c&:h rinse. Dry filtrate at 65° under vac. Dissolve dry hy4rolysate in vol. 
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uf buffer a.ppropria~ for wnmo acid analyzer. Store hydroly­
sate not> 1 .... eek before analysis. Use !hill hydrolysate to ~t. 

I all amino acids cAcepl methiunin". cystine lind/or cysteine, 
lind tryplOphan. 

(b) Per/armic add =:irialion/o[Jawed by (,jcw hydro/:yl'k-

I 
Place ca O. l g (0.1 mg ac(."UIllcy) sample in hydrolysis Olbe. 
4d.d 2 mL colc perfQmtic:: acid. and leI Iii, overnight at (}....S·. 
Add 3 mL cold HBr + 0.04 mL l-octanol (antifoam); im­
rnediately mi;( l.':onlCnlS 30 s in icc-HzO bath anci evap. to dry-
ness at 40° under vac. Adet 10 mL 6N Hel to tube and perform 

I acid hydrolysis as described above. This trearment will quant. 
convert methionine t&~ methionine sulfone and cystine and/or 
cysteine [0 cysteic: acid. Use this hydrolysate: to det. methio-
nine (MET) and cystine/cysteine (CYS)_ 

I (c) Alkaline hydrolysLs.-Place ell 0.1 g (0.1 rng acc~) 
swnplc:: into glass hydrolysis tube having Nalgcnc polypropyl­
ene ccntrifuge: tube as internal liner. Add 2S mg hydrolyzed 

I 
potato statch (omit if sample: is high in starch). Add 0.6 mL 
fresh 4.2N Naoa + 0.04 mL I-uetano!. Mix contents 2 min 
under partial vac. Freeze tube contents in dry ice-alcohol bath_ 
Draw and hold vac. ::s50 ~ 1 min; seal tube while under vac. 

I 
Hydrolyze 22 h at J 10 :t 1". Cool. open tube, and transfc;r 
contents to 5 mL vol. fial&k cantg $UfflCicnt cold 6N HCI to 
neutz.e hydrolysate; dil. to vol. using buffer appropriate for 
amino acid analyzer. Cenaf. or filter hychnlyslW: lind ~'tore 

I 
frozen. Usc: this hydrolysalC: to dct. tryptophan (TRP). 

F. AmlnG Acid Ana/pia 

Analyze ea£:h of the 3 hydtoly$a~~ using pwumclCrs optimal 
for amino acid analyzer being used. Use sI4 amino ~id solns 

I to calibrate IIIlll1yzer lit Itast every 24 h. Each amino a£:id peak 
should have ,dS% resolution. When alkaline hydrolysate: is 
analyzed. tryptophan must be sepd from lysinoaJanine. Com-
pute for e~h of the following amino Kids, the Wlcorrected g/ 

.-16 g N: ASP. THR. SER,. GLU. PRO. GLY, ALA, VAL. 
IIMcr. ILE. LEU. TRY, PHE, LYS. HIS. AMM. ARG, CfS, 

and TRP according to: 'I g ami no acid (unc:on-ccted) / 16 g liP!. N 
= (1\ moleJi aa x initial lipl. vol. (mL) x MW u)/ 

(voL spl. injected (mL) X ~I. wt (g) 
x %N for spl. X 6.25 X len 

Jompute pen:enrage recovery by detg N content for eadl amino 
cid: 

g N contributed by c:ach u./16 g spL N 

I 
..::. (14 X No. of N atOmli in u/mW sa) 

x (uneanectect g aa/16 g liP!. N) 

% Recovery = I (g aa N faT each 1Ul/16 g spl . N)x 100 

t
ll~: [f percent recovery is <86 or >105, error WI'IS mll.dc: in 

ydrolYSlII procedure (weighing errol'll. diln, instrument cali­
ration) or in compuJatiooaJ proceSIi of percent recovery. Hy­

lysis. analysis. and/or compuwion of percent rec;overy miJSt 
be nlpe.ateci LIIltil percent m:ovCIY falls witbiu S6-lOS toler­
~ce befon proceeding further. Adjust amino u:id prafile to 
.,-rmalize to 95% hydrolysis: 

CUrTC4':t1on factor = 95%/% recovery 

it1te: For each amino acid. compute the com:c:tcd g/IOO g 
.otein by: 

g amino acid/16 g N (corrected) 
.: co~tion factor x g 013/16 g N 

I I" V/fro ProteIn Dlgesr/ott-':o( (;-PER 
Usc ~amplc or control wt CODtg 10 mg N. 
Place appropriate quantity of conttol pro!(;in. ANRC Na C3S­

~t:: (C) or sample, in labeJed vial cOiltS mas. stUring bllr. 
Wd 10 mL H.O and let soak 1 h. Using pH meter. 3.,. bath. 

I 
I 
I 
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Wld stim:r, equiUbrare sample and control to pH 8 ± 0.03 at 
37° by addns of dU. Hel Ilnd NliOH. At this time ~so equil­
ibr4r.c c:nzyme solos to pH 8 ::: 0.03 at Jr- Replace enzy1l1l;':s 
on icc; hold .~ample and control at 37". 

To equilibrated control vial, add 1 mL enzyme soln A while 
stirring. Exacdy 10 min after addn nf s~lln A, add I mL en­
zyme soln B, and then tr~flsfet vial to 55° E-hO bath. Exactly 
19 min after adding solD A.. transfer via) back to 37" bath, 
inst:rt pH electrode. and read pH at 20 min. pH of callCin con· 
trel should read 6.42 :t 0.05 al 20 min. After proper pH read­
ing is obUl.in~ for control. carry each sample thru iclentical 
procedure and read 20 min pH (X) for each. Calc. % protein 
digestibility as 

~ Digestibili,y = 234.84 - 2:!.S6(X) 

It CGtrrpullng the C-PER 
Compute C·PeR using % digestibility and g amino 'tJtI;idj 16 

g N of: LYS, MET + CYS, THR, fL.E. LEU. VAL. PHE to 
lRY, and TRP. When combirnng ME -to CYS and PHE + 
1YR, the CYS and TYR can be no :;:. 50% of MET + CYS 
and PHE ... TYR totals, resp. For ~xamplc:, if g l101ino acid/ 
16 g N were: MET = 2 Hnd CYS = J, use 4 for MET to CYS 
total, because max. CYS can only be 50% of MET - CYS 
row. 

Step I; Express each essential aml.no acid :is percentage of 
FAO/WHO std: 

% FAO = [(g aa/16 g N}/FAO/WHO std) 
X % digestibility 

where FAD/WHO std is asswned to be: LYS ;:: 5 .44, MET 
+ CYS = 3.52, THR .::: 4.00, ll...E = 4.00. LEU = 7.04. 
VAL = 4.96. PHE + TYR = 6.08, TRP .. 0.96. 

Seep 2; E;lamlnc cach percentage of FAOjWHO std and 
adjust as follows: (a) If all percentages are >90% (bcftm 
rounding to nearest integer) of FAa/WHO std, and LEU is 
< 135% (before rounding to neares' integer) ptccee4 10 Step 
3; othetwiliC, (b) if lillY percentage is > 100. redllce to 100 and 
proceed to Seep 3. 

SIt!P 1: Compuce the following for sample protein and rd­
e~~ casein: 

x = ~((l/% FAO/WHO for each aa)(wt») 

y :0 I wtt; used 

Wts to be used in Step 3 computations: 

% FAO/WHO" W! 

2:100 1 
91-99 2 
8'-90 2.83 
71-80 4 
61-7Q 5.66 
51-60 a 
41-50 11.3' 
31-40 16 
.11-30 22.83 

"-20 32 
0-10 45.25 

- Rcund 10 nsarllSt Inlege,. 

Step 4; Divide the sum of wts (Y) by sum of reciproculs (X) 
for both sample protein and ref. casein . Results will be termed 
essential amino u:ic.1 SCPreS for sample an4 4:asc:in . 

Step 5: Divide score of sample by ~corc of ref. ~in. Re­
sult expresses :lIunplc as !.he nuiu of ref. casein, and is termed 
RATIO. If RATIO i:s >0.99 and <1.01. tben PER of sample 
i~ 2.5 IIIld program should tcnninate at this point. i.e .• the 
lIample ill clUicin or its c:quiv. 

Step 6: Compute the following: Z = RATIO x 2.5. 
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Step 7; Computc 4 discriminlUlt values to dc:t. group into 
which sample is to be c1l1l1sificd. Discriminant c:quaticllS are: 

Group 1 == -67l.8418 - 6.S7689(LYS) + 3.56696(MET + 
CYS) ... 13 . 10145(TH~) + 2.54503(ILE) + 
16.998l(L5U) - O.4339:5(VAL) - lI.5244(PHE 
+ TYR) + 31.55321 (TRP) + 
14.59278( DigcstibiHty) 

Grllup 2 = -666.4492 - 2.78584(1. YS) + 5.1744l(MET + 
CYS) + 13.08S64(THR) + 4.61808(ILE) +-
16.22603(LEU) 1.63223(VAL.) 
lO.13673(PHE + TYR) r 32.60 I 96(rRP) + 
14.11668(Digcstibility) 

Group 3 "" -619.0813 - 3 . J3909(L YS} +- 4.26918(MET + 
CYSj + IO.OO988(THR) - 1.42144(lLE) + 
15.7547(LEu) + 5.6604(VAL) - J 1.2870S(PHE 
+ TYR) + 30.49168(TRP) T 

13. 799S3(Digcstibility) 
Group 4 -744.7122 - O.37674(LYS) + 6.03697(MET + 

CYS) + lLS1527(THR) + ).&3251(ILE) + 
17.29687<L.EU) + 3.0294(VAL) - 11.5033(PHE 
+ TYR) + 37.88725(TRP) + 
14.68 1 69(DigclItibility) 

StBP 8: Compute C-PER by examining the 4 group values 
cOlnputcd in Step 7. Choose gruup number that has largest 
value and usc: that Qllnlber to pick correct C-PSR equation. 
Far pER prediction:!. usc following group equations when di­
gestibility was estd by the 4 enzyme procedure: 

Group I: c·pa ...: 1.12683 - 1.61426(2) "T' O.99306(Z~) 
Grnup 2: C-PEIl = -7.25391 ;. 8.14063(Z) - 1.79S11(Z2) 
Group 3: C-PER = 4.30469 .• l.99609(Z) ·t 0.4S996(Z~) 
GrOup 4: C-PER = 12.75 - 8.21484(Z) + 1.66016(Z:) 

L Compurlttg tire ac..pER 
DC-PER is camputc:d using steps just described ill comput­

ing C-PER. with one additional 5tc~percent protein diges­
tibility is computed from lIt1\ino acid profile instead of being 
detd via in vitro procec:1ure. Coefficienl'! for discriminant equa­
tions (Srep 7) and PER predictive equations (Step 8) ~ alsn 
changed. 

Computl!: digestibility from amino ¥:id prome 11$ folLollts: 
Step J: Compute the 3 group discriminant values for umple 

and ref. casein. 

Group 1 ~ -203.7537 - 2.S9402(LYS) + 9 .27153(LEU) T 
19.36964{ASP) + 4. 19676(PRO} + 
12.4603S(CYS) + 34.307S(AMM) 

Group 2 = -150.3707 - O.7811S(LYS) -t 7.6239(t~EtJ) T 
15.46558(ASP) + 3.8947(PRO) + 12.79949(cYS) 
... 29.74493(AMM) 

Group 3 = -15S.9S32 + 4.61 I 35(LYS) + 7.85429(LEU) + 
13.2S949(ASP)'" 4.6843 1 (PRO) - 13.2907(CYS) 
+ lCJ.894D3(AMM) 

~O\~c IClo'1Jlting discriminant values ror sample protein an4 
ref. caseln, and choose group number associated with hish~s' 
di~'1iminant value. Use group number to del. whi .. h digesc­
b~ity equation to ll.'ie. If for sample, grcup equation No.3 bal! 
htghest vall.lC, Ulc:n UlIC digestibility equation No. 3 below to 
compute :;ample digestibility. lf ref. casein had highest value 
from group No. :z lUluation, then use Qig~sIibility equation No. 
2 belcw to compute digestillililY for ~in. 

Digestibility 
Group 1 

= 67.8263 + a.60144(LYS) - l. 733 09(LEU) 
+ 2.4l!377(ASP) + 2.03S23(PRO) -
O.9731Z(CYS) - 6.44'2~<;l(AMMl 

AOAC OFFICIAL METHODS OF ANAL.YSIS (\990) 

Group 2 
Digestibility - 160.5607 + 5 . 79Y8(L YS) _. 2.20744(LEU) 

- 7.35fl27(ASP) - U.85275(I'RO) + 
6.1L058(CYS) - l4.54944(AMM) 

Group 3 
Digestibility = 116 . .545 I + O.99537(L YS) - 4.37473(LEU) 

- O.I0243(ASP) - Q.06304(?RO) -
O.I4005(CYS) + J.4&679(AMM) 

Previc)~ Step I (C.PER procedure) now becomes I-A. Steps 
2-6 remtrin as before . 

Step 7: Substitute following discriminant group equlItions: 

Group 1 ... -350.9675 + 2.34642(LYS) - 8.601l62(MET + 
CYS) - I 3. !W72l(THR) + l1.7lOJ3(ILE) + 
11.7984(Ll::U) - 12. L0787(V AL) + 9.68089(?HE 
+ TYR) + 46.88927(TRP) + 7.291(Dige.'itibility) 

Group:! = -454.6516 ... 7.8J575(LYS) -14.30S4(MET + 
CYS) - 15.64592(THR) + 13.32306(ILE) + 
14.1817(LEU) 17.40405(VAL) + 
12.36894(PHE -r TYR) T 64.39914(TRP + 
8 .00712(Digestibility) 

Group 3 = -405.9275 T 5 .01252(LYS) _. 8.46439(MET 'T' 

CYS) - IS.OI4(,rHR) .~ lO.19g6(lLE) + 
1l.91023(LEU) - 9.5018I(VAL) + 9.44S879(PHE. 
+ 'fYR) + 49.4309:5(TRP) + 
7.78124(Digestibility) 

Group 4 ... -488.5569 + 9.3207(LYS) - 11.36379(MET + 
CYS) - 15.24675(THR) + IO.601Iq(lLS) "T' 

13 .93578(l.EU) 12.14625(VAL) + 
1O.15707(PHE + TYR) T 63.1489(TRP) + 
8. 22588(Oiycstibility) 

Step.8: Substitute the following predictiv~ equatiuns: 

Group I: DC.PER = 1.254 - 2.04932(Z) + 1.30629(22) 
Group 2: DC·PER = -4.08594 + 5. 125(Z) - 1.08398(Z2) 
Group 3; DC·PER = 4.66406 - 2.29297(".£) + O.50586(Z

l J 
Group 4: DC·PER '- 10.44141 - 5.93359(Z) + 1.13281(Z) 

Ref.: JAOAC 65, 798(1982). 

974.31 Bloavailabillty at Iran 
Rat HemoglobIn Repletion BlollsallY 

FIrst Action 197& 

A. Appal"lltrla lind Reagents 
(a) Colo,imeter.-Bausch &. L"rnb Spcctrunic 20 (Milton 

Roy Co .• Analytical ProdLU:lS Div .. 820 Linden Ave, liach­
eSler, NY 14625). or cquiv . 

(b) Bl.IsaJ diL'!t.-(Antibiotic may be added if c1esircd.) 

Ingredient 

GlucOse.H.O 
Viramin-Ireo casein 
Oega'l'l'llid yellow CIIm meal 
Geldn 
Corn 011 
Mcl'lOlSodiUITl pt10spnalS 
Calc::ium carbOnale 
KCI 
kldlZOd sail 
TrlllOO mineral praiT/x. (e) 
Ctlgiine c:hlortde 
Vltanlin premix. (d) 
dl-Mslhionlna 

49.38 
20.00 
15.00 
5.00 
5.00 
2.00 
2.00 
0.50 
0.50 
0.27 
0.'5 
0.10 
0.10 

I 
I 
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