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Evaluation of Protein Quality for some Protein FeedstuffsUsing Carcass Technique with
Growing Chicks
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Two feeding experiments using 126 Dokkyten-day old male chicks were carried out todetermine
the net protein utilization (NPU)value and protein efficiency ratio ( PER)of Imported fish meal
(IFM) from twodifferent sources ( IFM, and IFM.,), localfish meal ( LFEN) poultry by-products
meal (PBPM), decorticated cotton seed meal(DCSM)rice germ meal ( BGM), which bran (WB)
andrice bran (RB). Carcass analys19 technigueaccording to Bender and Miller (1953) andAbdel -
Salam (1974) procedures was applied.

The chicks were fed the experimental dietsfor 14 days. The percent of crude protein(CP) and the
calculated metabolizable energy ( ME kcal/kg. diet ) values of the dietsinvolved in experiment |
(Exp. I') rangedbetween 10.62% and 10.77 % and 3527 kcal . ME and 3533 kcal.ME/kg.diet,
respectively.

The corresponding values of the diets usedin Exp.2 ranged between 10.60% and 10.65 %(CP) and
3324 kcal. ME and 3351 kcal . ME/kg.diet , respectively.
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The results of Lxp. I showed that NPU values of Il*{-ll;
LI'M, PBIM , DCSM and RGM by applying Bender and Miller
(1953) formula were : 84.10 , 64.33 , 55.10 , 32.28 and
52.28 % Mhile in Exp.2 the NPU values were 43.52,43.51 &
35454% for IFM,,WB and RB,respectively . The correspondinl

NPU  vaTues obtained by using Abdel-Salam (1974) formula
were 93.00 , 73.42 , 65.38 , 45.38 and 63.30 % in Exp.I,
while they were : 53.16, 53.73 and 44.86% in Exp.2, res-
pectively . The PER values of the above mentioned feed-
stuffs were : 2.98 , 2,32, 1.91 , 1.35 and 1.48 in Exp.
I , while they were : 1,29, 1.25 and 1.23 in BExp.2, res-
pectively . The IFM, resulted in the highest NPU.and PER
values, while DCSM gave the lowest NPU value in Ixp. L .
In Exp.2 RB showed the lowest PER value. In the same
time, LIM malntained satisfactory values for protein qua-
lity . It was also concluded that body nitrogen may be

predicted precisely from the values of the water content
of the carcass.

The net protein utilization ( NPU ) value indicates
the fraction of the total nitrogen intake which is retai-
ned in the body and that used for maintenance . Lt is ,
therefore , the product of true digestibility and biolo-
gical value ( Mitchell et al., 1936) . The net protein
‘utilization is the most convenient term which evaluates
proteins by carcass nitrogen retention procedures with
chicks . This method obviates the necessity of separating
faecal and urinary nitrogen excretions which is essential
for the bilological value and digestion coefficlent.

Net protein utilization value gives an overall plcture
of the factors affecting protein quality . liowever, 1if
one has to use the method proposed by Bender and Miller
(1953), he must first confirm that body analysis and nit-
rogen balance methods lead to the same result. Becker and
Harnisch (1958) showed that in the chick and in the pig,
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the results given by the nitrogen-balance and body ana-

lysis methods agreed closely . Similar results were ob-
tained by DeMueleneare et al.,(1960) and Chalupa and
Fisher (1963) by using rats and chickens .

Bender and Miller (1953) and Miller and Bender (1955]
have employed the carcass method to determine the N.P.U,
of food proteins using the following [ormula :

B B 1
Hobdl, = okl R R Do a0 e s (1)

Le

where B_ and Bk are the total body nitrogens ol the ani-
mals on the test and non-protein diets , respectively
and Ik and If are the nitrogen intakes on the two diets.
The fdrmula is based on the assumption that (a) "the nltrd-
gen loss in an animal fed a non-protein diet will repre-
sent the body nitrogen loss equivalent to the maintenancd
requirements, (b) the traces of nitrogen in the non=-pro-
tein diet is utilized with 100 percent efficlengy.later,
Bender and Doell (1957) questioned the formula and the
assumption of 100 percent utilization of traces of nltro-

genous compounds in the non-protein diet and therefore
suggested an alternative formula :

B B
F2E =
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where B. , B, , I_ and I, have the same significance as
k k
in equaEion (1) .

Abdel-Salam (1974) suggested a modified procedure fori
determining the NPU by carcass analysis to eleminate the
variable body size of the chicks being fed the nitrogen-
free diet and those fed the test proteln sources for wmalu-
tenance nitrogen . The nitrogen used for growth was obtal -
ned from the difference between initial and final carcass
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nitrogen contents . The maintenance nitrogen was obtai- |

ned from the difference between initial and final carcasy
nitrogen contents of the chick fed the nitrogen-free dict
plus the

amount of nitropen consuned in the latter dlet

As the maintenance rnqulremeut is related to metabolic
body size , e.g. 13 , the maintenance nitrogen for

each bird was c1lcu11{ed from its live-weipht. This corre
cted maintenance nitrogen was added to that retained and
used for growth and the total amount of nitrogen utilized

was divided by the amount of nitrogen intake during the
same period to obtain NPU value .

In view of the advantage of applying the carcass
method when evaluating protein feedstuffs by chicks , it
was decided to determine their NPU values according to
Bender and Miller (1953) and Abdel-Salam (1974) proced-
ures . In addition, the body-water nitrogen relationship

and its application in carcass analysis was also inves-
tigated .

Materials and Methods

A number of 250 one-day old Dokky, male chicks was

a commercial chick diet containing 20% CP and 2850
Kcal. ME/kg. diet for 9-day after which they were fasted
for 18 hours before weighing . A number of 140 chicks wasd
distributed for 10 groups of similar average live weight
for each group . Each group contains two replicates of

7 chicks each. The experimental chicks were treated as
follows to determine NPU values of 5 protein feedstuffs
-in Exp.l and another 3 feedstuffs in Exp. 2 :

fed

(a) A grotip of 14 chicks( 10-day old) were killed by chlo-
roform administration for carcass analysis to obtain
initial body nitrogen and moisture contents
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(b) Nine groups of 126 chicks were housed in commerclal
batteries and fed ad libitum the experjmeutll diets
( Table I ) . In Exp. I , the tested feedstuffs wera:
imported fish meal ( 1FiH ), local fish meal (LFM),
poultry by-products meal ( PBPM), decorticated cotton
seed meal ( DCSM) and rice germ meal (RGM). The 1FM
was considered as a control diet. The tested feed-
stuffs in Exp.2 were = imported fish meal ( 1FM 1
vheat bran (WB) and rice bran (RB). In order to
accomodate the low-protein WB and RB , a dietary
modification was required and it was decided to Lest
mixtures having a total protein content of 10% obta-
ined by combining 5% of gelatin protein with 5% of
protein from materials under test ( Table I ) In
effect the gelatin was a poor protein and resulting
NPU value must be considered as a measure of the
ability of the tested low-protein materials to com—
plement a particularly poorly balanced protein(Woodhnm
et al., 1972). The IFM, + gelatin was considered as
a modified control in fxp.2 . The ninth group was
fed a nitrogen-free diet (NFD) . Scattered food was
collected and weighed at 3-day intervals and weekly
food intake per each group was recorded . Fresh
water was provided in access to the experimental

chicks , The experimental period was countinued up
to 14 days ( from 10 to 24-day old) .

At the end of the experimental period, the chicks
were fasted for 18 hours and individually welghed . Two
chicks round the average live welght of each group were
killed by chloroform administration for carcass analysis!
to obtain final body nitrogen and moisture contents .

The carcass analysis was carried out also in the same

way for the chicks fed NFD to obtain maintenance nitro-
gen . Analysis for carcass nltrogen was carried out using
- the conventional methods of the A.0.A.C.(1980).The data
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TADLE | . Parcentags composition of the enpetimental diete vard In Fap. I and Enp, 2,

Eaprrlmental diers
Compenents Erp.l vr_p.: ":D
\ 1 3 } ’ 1 ats 1
4 I T 1 4 I I T T
Ieported [lsh weal ( lﬁ“. ) 13.10 | - - — - — et o .
Local Tish meal . -— 13.50 -— - P — — fIkets =
Poultey by-product maal — — 16.30| — _— _— -_— —-— —_—
Dec. cotton seed masl - PR - .50 | — - o - -—
Rice gerw meal —_— — — = n.se | — — — —
Isported (lah -ul(l'l'l'lil — - - —_ - 1.60 | - -- e oy
Wheat bran —_ -— —_— — - -— 3180 | -= —
Rice bran -— - — -_ —_ _— — 41.30 —_
Celatina - -_ - - - 3.18 .18 5.4 -
Corn starch 58.00 | &6.00 56.00 | 48.0n 11.00 | 54.80 24,78 | 22.56 ' 66,70
Clucosa 1.00 3.00 E.21 3.30 3.00 | 13.00 5.00 5.00 15.00
Cotn ofl 7.63 13.44 9.60 | 12.40 11.61 3.00 in.on 16.00 6.00
Celluloss 4.83 4,70 .5 1.10 1.58 L9 .13 0.46 3.00
Hineral win,” 600 | 6.00| s.00| 600 | 6.00| 600 e.00| 6.00 6.00
Vitemin lll..‘ 1.00 1.00 L.00 1.00 1.00 1.00 1.0n i1.00 i.ng
Choline chlorlde 0.7 0.30 0.10 0.30 0.30 0,10 0.30 .30 09.10
Total oo 0o 100 100 109 oo 1oo 100 ino
Cruds protein 10.71 10,71 10.74 1.7 10.62 | 10.63 10.61 1.0 In.65
Crude [ibre 3.00 3.08 3.0 3.10 LR 5.0 5.10 5.00 3.0
Cllc.u.l.(ttil“'.llltl sy p3rs ) 3519 s Jsin 3351 5 1124 350
L i "
-

Fach kg, contalne 1 CaCO, 250 5.y Cay [ I’\Il.I )! NN g v
146,66 & | MRSO, K0.66 g 3 Ta ([ C0, )

657
42.71 g.1 Cubo,.5l,0 0.3) q. !

1llrtl. 130 g ¢t Hn' nl'ﬂ‘ 121.66 g ¢ WnCL

1 6.66 g} 'Iinsﬂ‘ * “:I.D T g.o ML 0.66 g | I'.nCﬂ_.' 0.33g§ Clucnas

L Esch kg, contalne 1 Thissin Wcl

fg | Pboflavin Ig | Pyridoxine Ig § Calelus pantothenatn Jg | Micatinte
scid 5.5 g | D-Blotin 0.1 g ¢ Folle meld 0.4 g § Cyanocobalamin 0.003 g | Henaphthon 0,06 g , o(~ tocephyrol

scatate { 10T ) 2.2 g | Vit. & + Il’ { 500 LU, Yit., A ‘and 100 1,C.0, Vit, D 3} 100 g § Corn starch BAS,. 7).
1 WED 4 Witrogen— fres diet .
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were subjected to analysis of variance ( Snedecor and

Cpchran, 1967 ) with separation of means by Duncan's(1955)
miltiple-range test .

Results aud:Discussion
1. Growth and protein efficiency ratio (PER) values
Experiment I

The mean values for live body weight, relative prowth
rate ( RGR ) and protein efficiency ratio ( PER ) are
shown in Table 2. Statistical analysis revealed sipgnifi-
cant differences ( P <0.05) among weight gain and RCR
values for the different experimental groups
diet ( IFM,) resulted in the highest RGR 7% and PER valuces
being 116.552 and 2.98, respectively. Decorticated cotton
seed meal ( DCSM ) showed the lowest correspond Ing values
being 23.88% and 1.35, respectively. The feed intake var-
ied among the different treatments being the lowest
DCSM , a result might be due to its poor palatability
when it was given as a sole source of protein in chick
diets. In general, chicks consumed relatively larger amou-
nts from the animal protein sources( 1FM , LM and PBUH)
in a comparison to the plant protein sourses ( DCSH  and
RGH) . In the same time, it is of interest to record that

LFM gave reasonable results concernlng RGR % and PER belnp
76.49 7% and 2.32, respectively

. The contro

for

Experiment 2:

The mean values for live weight pain, RCR, feed intake
and PER for IFM, , WB and RB are shown in Table 2 also it
was suprising to record that the live body weight gain and
relative prowth rate values of the modified control diet
( IFM, ) was approximately the same as that for RB. Since
it is"a well kuown fact that the quality of M protein
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TABLE 3 . Mean Jive body welght, velative provih rate, feed Intaka, crude protein Inuh"m proteln

wfficloncy ratle for the esperimental chichs fud the dlffarent ssparinentsl dirte wosd In

Esp. [ and Exp. 1,

Eaprrimentsl diste

P fep. 1 fap, 1
LT L rare | pesi | mew 1, un an
Live body welght, g.
laittal (¥)) 60.3 | 0.4 60.3 |03 | so.a | sa2 | s0.4 | 60k
-
Tinal (4, 130.4 | tos.6 s0.0 | 74.1 w.s | 1.9 16.9 | 1.0
LS L] (] 1.6 0.9 1A 0.8 0.9 (F ] 100
Catn ( uyw, ) 1ot | ae® | 290% et | 2ot | aea® | et |
. t
Relative groveh rete T neast 16| st 2m® | ] nan® | ara® nes
Teed nteke, §. 219.68 | 18990 | 16690 | 99.2% frie.02 143,02 Jiotoes |1en.2s
Crude proteln Intels, g. 1.9 | 19,93 | asss |1oee | 1ae | sz | 1a2s | an
Proteln efflelency Fatts o] 20 Lef| Lt et wn'| o' ot
4+ 5L 0.11 0,161 0.1 0.20f 0.0 0.27) 0,14 0.V2

v =W
* Relative grovth tate (RGh ) R = —I b3 100 , wecording ta Craspton and Tiopd, 1959 ,
v

*% peoteln elllclency retle { FER ) = "EI‘;

ahcda

.®

= Heane having the sams lettsts within & rov sre not elgnificently different (v £ 0.m)

= Masns having the ssms letters within & vou are not significantly dillesent (T < 0.05 )
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( animal protein source ) is higher than that of. elther
WB or RB ( cereal proteins ), it is expected that the
live weight gain, RGR and PER values of the modified
control ( IFM.) would be higher than that of WB and RB.

llowever, statistical analysis revealed no significant

difference between IFM, and RB in live welpht palin and

RCR and between IFM, and WB in PER values. Such discre-
pancy might be due %0 the possible deterioration in the
quality of fish meal protein because of its prolonged

storage under uncontrolled conditions . This result is
of good agreement with the findings of Carpenter(1973),

El-Sherbiny (1976), Abdella (1981) and El-Sherbiny et al. .
(1982) .

The low quality of the IFM, used in Exp.2 to formulate
the modified control diet woula not invalldate the result
of the present experiment since the main objective of this

work is to compare relatively the quality of WB and RB
proteins .

The ranking order of the protein quality of the five
feedstuffs used in Exp. 1 by live body welght gain, RGR
and PER assayes indicated the superiority of IFM, followed
by LFM , PBPM , RGM and DCSM , descendingly. In ﬁxp. 25
the ranking order of the protein quality of the three
feedstuffs used is as follows : IFM_ , RB and WB ( as

measured by live body weight gain aiid RGR ) and IFMZ, wB
and RB ( as measured by PER assay ) .

Net protein utilization ( NPU )
Experiment I

In the present work it was found that chicks fed the
different protein sources had markedly different &izes
particularly when compared with those fed nitrogen-free
diet. It follows, therefore, that maintenance requirements
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would vary widely . It was diserable to apply the modlfi-

cation introduced by Abdel-Salam (1974) to the formula of
Bender and Miller (1953) to allow for varying malntenance
requirements . Table 3 shows the net protein utilization
values for IFM, , LFM , PBPM , DCSM and RGM as obtained
by using Bendetr am Miller (1953) formula and the modilfi~
ed method introduced by Abdel-Salam (1974) The mean values,
of nitrogen used for maintenance and the nitrogen retained
for growth are shown for the five protein sources . Obvio-
usly , the modified method for calculating NPU becomes
effective when the difference in body size of experimental
chicks on the test protein diet is markedly greater than
those on nitrogen-free diet ( being 45.8 g. as an average

live bidy weight of the group of chicks fed the NID from
10 to 24-day old ) .

In general, NPU values obtained by applying the method
of Bender and Miller (1953) were consistently lower than
those obtained by using Abdel-Salam (1974) formula .-

The ranking order of the protein quality of the five

protein sources determined by NPU teclmique was in harmo-

ny with the ranking order according to RGR and PER values.
The IFM, resulted in the heighst  NPU value followed by
LM , PEPM and RGM , while DCSM gave the lowest value .

Experiment 2

The value of NPU for IFM_, , WB and RB are shown in
Table 3 . It 1is clear from tﬁe data presented in Table 3
( Exp. 2 ) that the modified control diet ( IFM,)was rathdr
low than expected since it is impossible for FM~ to have
similar or even lower protein quality value than WB or RB.
This might be due to that the IFM, used in this experi-
ment was damaged to the extent tha% it gave a NPU value
approximately similar to that for WB. A fact that it must
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52T 3 4 hezipr
Billge

2*feed-szufis sugrestel by Beander and

tain urilizazien (IC0) values of the tescel’?
(1233) 232 Abdel~-Salaz (1§7%) using cercass teshznigue fate .
{ Exp. I and Exp, 2) .

& Ivperi=enzal cdiels

_ Evp. 1 | “Zap. 2

| =2, |1 [esee | opzsw [mew | = | =zs
1062 1065 |10.60 [10.60

Diezasy crude protein 2

izzake/chiczk/lédays,§.

Ristegen iz

Mzizzenance N./chick/l4days,g.

K.rezzined fer
days, §.

£ o

K.Tezained fer

grovsh/ebick/14

=

KTS (Seader za

growch/chick/14

caintenance and
days, B.
Miller,1953)

NPUL (Abdel-Szlam, 1§74)

10.71 | 10.72 10.74 | 10.77
2.2 2,44 2.28 2.51

3.76 3,19 2.49 1.71 22
0.225 | 0.226

c.327| o0.282| ©.248] ©0.216 | €.228) o0.227
3.17 | 2.06 c,20

1.38 0.56 1.17 1.07 1.00

1,287 1.225 | 1.126

- -

3.497) 2,342 1.628 ) 0.776 1,329
84.10 | 64,33 55,10 | 32.28 2.58 | 43.52 43,51 |35.54
33.16 53.73  |44.B6

§3.00 | 73.42 €5.38 5.38 €3.30
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be taken into consideration in using some deteriorated
sources of imported fish meal in chicks' feeding . This
result confirmed the findings of Carpenter (1973); ElL-

Sherbiny (1976) , Abdella (1981) and El-Sherbiny et al.,
(1982 ).

jody water : nltrogen content :

Experiment L

The mean values for contents of water and of nitrogen
in carcasses, the water : nitrogen ratlo ( g. carcass
water/ g. carcass nitrogen ) and the values for carcass
nitrogen estimated from the carcass water data, are all
shown in Table 4. It may be seen from the data that the
water: nitrogen ratio values varied between the different
experimental treatments being the highest for DCSM(23.07)
and the lowest for IFM (15.78)% Such variation in carcass
water:nitrogen ratio was reported also by Shahein(1970).
Abdel-Salam et al.,(1973), Abdel-Salam (1974) and Mady
(1977). llowever, Bender and Miller (1953) found a constant
carcass nitrogen : water ratio with rats fed from zero to
20 percent dietary crude protein for 10 days. Summers and
IFisher (1961), Summers and Fisher (1962) and Summers et al.
(1964) reported a constant water:nitrogen ratio for chicksa '
fed graded levels of crude protein from zero to 26 percent,

despite significant changes in moisture, nltrogen and fat
contents of the chick carcass .

Fig.l. shows the relationship between total body-water
(x) and total body-nitrogen ( Y ) , both varleties being
expressed in grams. The followlng linear regression equa-
tion was obtained, using the method of least squares accor-
ding to Snedecor and Cochran (1967); to represent the rela-

tionship between the weight of water and nitrogen contents
of chick carcass at the age of 24 days :
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water cosiexts together witk che warer: K zazio for chicks fed
ad By, 2 ),

TAZLI 4. Carcass zitzogpes znd carcass
10 zo 2i~dgy o0ld ( Exp. I a=?

-n:rp~.. éiferex: experize=cal diess fre=
- | o mauunwu szal Ziecs
Iten ‘ - tp. 1 _ =2 2 _nuu |
i uu=~unmx_mnu .T..nunﬁ....w uw.w _

ﬁ|wmu_ | o=

130.12 [1D6.69
57.74 | 60,35 161.73
Water, §. 75.13 | 64.39 [55.54 49.60 | 4E.EB9
Chick cuuanﬁunan 54,99 | 42,30 [34.44 25.07 | 31.10 30.93 [28.97 28.01 [15.85
z 54.09 | 5%.00 [53.95 33.50 |353.78 33.96 |54.08 53.64 |60.34

1£.61 |16.,21 15,56 9.56

Crude protein 2
29.74 2.84 [1E.58 13.41 [17.26
£.63 8.65 E.58 9.65
2,59 2,49 1.52

B.ES E.64 | B.E3 E.56 E.60
18.91 20.37 {19.33

Mmm.wm 74.67 | BD.99 60.18 .qm.wm 79.72 {45.23

66.42 | 60.36 61.42 [62.04 €3.61 [64.97
45.25 |4LE,.98 50.71 29.38

Crude protein ,g.

“ﬁnqownun
4.76 3.65 | 2.97 2.15 2,76 2.66

Nizrogea, g.
Water : K raczid 15.78 | 17.64 [18.70 [ 23.07 |17.71 | 18.52
. RdkRk
- J
Sesimacec Bo. viluss frem. | vl 599 | 509 2.67 | 2.62 2,56 | 2.54 | 2.63 | 1.53

water comteat, B.

pals:) = Dry zaczter basis .

** Carcass vater ( g.) ¢+ carcass N-(g.).

***  Estizates fro= the body-water regression ,
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N

Y = 0.0706 x- 0.8294

™~
where ( Y ) is the calculated nitrogen content of the

chick carcass in grams and (x) is the water content of
the same carcass in grams.

Satistical analysis indicated that the regression of
the weight of water on the weight of nitrogen in the
chick carcass 1s significant ( P < 0.05). It also showed

a. significant ( P < 0.05) positive correlation(r=+0.963)
between the carcass and water contents .
t

Experiment 2 :

The mean values for body-water and nltrogen contents
of the individual carcasses together with the body water:
nitrogen ratios are shown in Table 4. It could be obser-

ved that the values of water: nitrogen ratio for IFMZ ;
WB , RB and NFD are very near.

Fig.2. shows the relationship between body witer (x)
and body nitrogen contents ( Y ) .A linear relationship
was obtained between the two variables and the regression
equation E = 0.0157 + 0.0516 x was fitted by the method
of least squares . The positive correlation ( r= +0.980)

was significant ( P < 0.05 ) between the carcass water
and nitrogen contents .

It may be concluded that the chick carcass nitrogen
may be predicted from the body-water content . This rela-
tionship between carcass water and nitrogen obtained in |
the present study is in good agreement with those reporteq
by Spray and Widdowson (1950), Bender and Miller (1953),
Summers and Fisher (1962), Shahein (1970), abdel-Salam
et al.,(1973) , Abdel-Salam (1974) and Mady (1977) .
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N Water in carcass (g)
Fig..1l. Relationship between total body water (x) and
total body nitrogen (Y) in grams per chicks of
24-day old being fed the different experimehLal
diets ( Exp.I ) , including NFD
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Nitrogen in Carcass(g.)

\
30 Ho
Water in carcass (g)

Fig.2. Relationship between total body water(x) and total

body nitrogen ( Y ) in grams per chicks of 24-day
old being fed the different experimental dieLs
( Exp. 2), including NFD,
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