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Article Info ABSTRACT
Article type: Background and objectives: The demand for high-quality protein
Research Full Paper sources is likely to increase in the coming years, especially due to

the increasing world population, which is estimated to reach about 9
billion by 2050, Therefore, it is important to identify and find
alternative sources of protein for sustainable animal nutrition.
Considering that millions of tons of »feathers are produced
worldwide every year, this by-product is considered a potential
alternative to more expensiver feed ingredients. Many
biophysicochemical processes are used to increase the quality of
feed sources, especially protein sources. Steam hydrolysis is a
process commonly used to convert indigestible raw keratin into

Article history: highly digestible feather'meal. Since the protein digestibility of the

Received: feather in the living organism's digestive tract is relatively low, this

Revised: method is not satisfactory. Addition of exogenous enzymes and

Accepted: . . . .
reducing agents, along with low temperature processing, will be one
of the alternatives used to reduce the effects of overheating of
feather meal and improve the quality of the final product and energy
saving. Therefore, according to the mentioned cases, the aim of the
present study was to determine the effect of poultry feather
processing on the chemical composition, total volatile nitrogen and
protein  fractions of feather meal based on the Cornell Net
Carbohydrate and Protein System.

Keywords:

CNCPS System

Materials and methods: This research was carried out in a 2x2x2
Feather meal

factorial method based on a completely randomized design with 8

Processing

Protease enzyme treatments and 5 replications including: 1) raw feathers autoclaved
Protein Fractionation at 120°C and 2 kPa pressure for 20 minutes; 2) raw feathers
Sodium metabisulfite autoclaved at 120°C and 2 kPa pressure for 20 minutes, 0.25%

sodium metabisulfite; 3) raw feathers autoclaved at 120°C and 2 kPa
pressure, 0.15% protease enzyme; 4) raw feathers autoclaved 120°C
and 2 kPa pressure for 20 minutes, 0.25% sodium metabisulfite,
0.15% of protease enzyme; 5) raw feathers autoclaved at 100°C and
2 kPa pressure for 20 minutes; 6) raw feathers autoclaved at 100°C
and 2 kPa pressure for 20 minutes, 0.25% sodium metabisulfite; 7)
Raw feathers autoclaved at 100°C and 2 kPa pressure, 0.15%
protease enzyme; 8) Raw feathers autoclaved at 100°C and 2 kPa
pressure for 20 minutes, 0.25% sodium metabisulfite, 0.15% of
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protease enzyme. Chemical composition, including dry and organic
matter, crude ash, crude protein and crude fat were determined. The
protein fractions (A, B1, B2, B3, C) of the processed feather meal
were measured according to the Cornell University method.

Results: Dry and organic matter, crude protein, crude fat and ash
were not affected by experimental treatments and showed not
significant difference between the treatments. The amount of total
volatile nitrogen was affected by the experimental treatments. The
processing of raw feather with protease enzyme significantly
increased the amount of total volatile nitrogen (P<0.01). The protein
fractions of the processed raw feather were affected by the
treatments. There was a statistically significant difference between
fraction By, B3 and C, but there was no statistically significant
difference between fraction A and B,. The addition of sodium
metabisulfite during raw feather processing had a significant effect
on fraction B; (P<0.01) and Bs (P<0.01), but it did not have a
significant effect on fraction A, B, and C, So that the use of sodium
metabisulfite in the processing of raw feathers increased the B;
fraction and decreased the Bj; fraction. The use of protease enzyme
during the processing of raw feathers had a significant effect on
fraction B; (P<0.01), but it did.not-have a significant effect on
fraction A, B,, B; and also C, Se.that the use of protease enzyme in
the processing of raw feathers caused an increase in fraction B;. The
effect of different temperatures in raw feather processing was
significant on fraction C (P<0.01), but it did not have a significant
effect on fraction A, B, Bz, and B3, So that the processing at a lower
temperature (100 °C)-caused the reduction of the C fraction.

Conclusion: According to the results of this research, it can be seen
that the use of sodium metabisulfite in the processing of raw
feathers causes an increase in the B, fraction and a decrease in the
B; fraction, and also the addition of protease enzyme in the raw
feather processing causes an increase in the amount of total volatile
nitrogen and B, fraction. Also, the results showed that processing at
a lower temperature (100 °C) reduces the C fraction. Therefore, it is
recommended to use the autoclaving process at 100°C with a
pressure of 2 kPa for 20 minutes along with sodium metabisulfite
and protease enzyme for industrial and practical processing of raw
feathers.

Cite this article: Nouri, H.A., Teimori Yansari, A., Chashnidel, Y. (2025). Effect of Broiler Row Feather
Processing on Chemical composition and Protein Fractions Based on The Cornell Net
Carbohydrate and Protein System. Journal of Ruminant Research, 13(3),

© The Author(s) DOI:
BY Publisher: Gorgan University of Agricultural Sciences and Natural Resources




PR 2 N & &
U"MJ‘W JO uubsﬁ: %
PrEo-£Y) i le LLS
Trio-£TOY : Sig a0 LLS

wl” b 8" e
D 14™ T h
“’é’g’ :-,"’U”‘ e 2l

o9 3 SR 9 Slows SluS 3 9 oS & w0 plB 9 (59T 5 Ot I
Ji5 A (g 3 g O s g9 35 e vl 9

s il Al T il gy se dldal g, i

Ol ol (ol ctwjd)'))LiS pl.c oL ils sl eske edSils s pla 150 S, (il
hosein_nouri90@yahoo.com :4:LL,

Al ol (ol rb il 5 (555558 o ke L ils el poke edSiils sk 5 plaiadis o358 Ll 5kl |

oS> e olelbl

Ol s esisas sdal Sadle 53 CokS b it e (51 Lol Ulem 11038 5 o allis g5

Sags - 5 Wi
| ‘J-'L,'._;‘ u*-llf‘ g.L.uJ...Y~o~ Ju G JJL:.L:AQ S 9> A{Jﬁj a:)MASgQL@.;—W s
el Sl pls 5 Ol DLl @ dis gl s (B S0l b 4 olaws g olulis
o303l pl s e M5 Ol el 3 e 5 0sehes GlLe ISl 5L o
g e SO 285 S ol Sl b e il Ll o

S p b ons (S e kS I Gl pled 5eSE 5 s saie slas 51

ks gl Jseme ssbas oS sl gl 3 O S U sl ssda 6,8 o 518 eslinad 55 s b
L;»‘l;-;ﬂ)‘ J}wJAaJUJI.wlaJ.ng)jTjﬁM&Gﬂ))ﬁ&";brbﬂw&uﬁ&\; U:"’.JUC'-JU
u_'v‘h(;.wlrfw))b‘u aJ.'v)' S5 90 Lﬁ)‘}f aKZwJJJ rbﬂﬁ}ﬂﬁw@u‘\s u:’f"*i c’)u

Lol o oS Jalse 5 035551 o 31 055331 o35 50l o Jisualis; Ol By,
30 sl b sla b, SIS al sles 53 sl 5l S e e e hin ales Ol s
5 2l 0251 CoS i A 53 Sl Gl B 08 S IS ol eslin
et sk cnl S BAA @Al S5 sl e e 5 L cpl b s el (S5 5 gl e
3 G i 5 SR 035 e (gl SLS 5 sab ol 55505 g

s BS palE 58, 5 Sk S et olal s o b
S AL sl Wl - B IG5 YXYXY Ly 8B i) 4 2asy ol s g 3l

ISl ks ¥ Las 5ol 8 mle am 3 VY los 53 ol 5US 5 (l;'-f?(\ ela LIS 0
ISl shs ¥ Las 5 ol 8 mle am 53 VY los 53 ol 5US 53] ey (Y adds Yo D

(SIS slaely
35

DA S
VYo les s el sUIS 4l fl—é.fv(v o) g plie e Y0 5 adds Yo S

7025
530 SUS Sl el o (8 G w3l o) 110 5 JISKLL kS Y Las 5 5l S Sla 4o o)y i s
e b oy /YO0 5 azds Ve Sdeas JIKLL LS Y HLis 55l S sl as 53 VY sles g
j}lJfL;JL»‘A;.-)}\" 6DJJJ au\,.i:jUS}?\ r[?-‘}.:(o ;)’L‘J)Jg V.Jn‘}j-w)é'/\ojcn:ﬁ}w 6))IJ3

5318 Sl az s Ve les 53 el SUS 1l (T cadds Yo Sdeay JulghsT Y HLis




SIS &) (al_;ﬂ(\/ Lol g plin e s y5 1/Y0 5 Ak B Yo Dodany IS Y SLis
A G a5l Ao 10 5 Sl AS Y LS 55l S sl s Ve (los 53 el
VY0 5 aids Yo ey JIL S Y L 5 oS Sl e Ver sles s e SUS gl el
asbe ol pland SLS 5 .mft,.mjwmﬁﬂw)wmo,@y e e Aoy
S el S Ol 055 M Gimes 5 ol b il aeSl T
iy sy el ok (o515 o (C By By By A) g ciliies sla 2

s g Seslul kS
bl slasles b oo St 5t o bt s T esle (i sl slaasily
s sl 3 S 13 bl slasles 36 s IS 518 05550 e 3 13
Gl s Ad (P<e/0)) IS 513 055 55 e Jial 3l o (5013 ome sboas 555 5T L
Gl 523 S 53 el bl U o ads 518 bty 085 e
bl k31 gl gme oslis Ll amails 5525 € 5 Br By gla isey o (6ol3 ime sl
A 651 b 5> Sl ol e 055 I 5 s Br s Al i
A gl sy gl gms Ll el P<e/0)) Br 5 (P<t/0\) By [iso ,» (gyls s
W¢L>'-ﬂ_§)j,é)> o] s e b 3l eslinal S (g, b (SC, g a5 By
Aol s oslp b 53 5wyl 5l eslimal s By Jiow 2alS 5By s (5l
M(‘-ﬁjBr By A Sl ise ool s Ll < /0 V) By i gyl pae
s By J@ﬁlplw‘ruﬁ@jﬁ); S8 wﬁ;t sslizal 4S5 sbas el C
Sl ALl el o3 s pme P</e V) € iy gl (5503 s s les
Vo) Sl sl 53 o5l 3 &S sosba (i By o s 5 By By A bt

Ai C i als o (LS sl a5

o) s e o 3l oslizal ST 3 015 o tash cnl 3 ol S b is S 4
S8 T Do) e 5 Bl (i GRS 5 By i Bl e ol 50158
e 35 e By Gl s 5 JST 13 055 85 Sl (Rl o ol (55515
C it 2ol o8 sl a3 Vo) ol slos 3 o5l b 48 o 0L ol
03,8 SUS b el (63,008 5 axio (S0l B Sl 20 o oy 1 s
et Lolen i35 T e SISl 5hs ¥ 5Lis b ol S sl s Vee slas

35 a3l 355 w5l 5 ol g ol

L;us_,':,g,_ﬁwag;;ﬂ@.:;@fuﬁ@,u@\;\ QO808) iy oJs il sl (il (65508 ¢ a5 55 13kl

ANT OBl 5l 53 sy J S palls 85 5 Sde S s sl 2 155

@ DOI:
OBk 5 © 085 b abe s 3slis esle oKsls 50




158 3 595 s [ nistlionds S 3 1 55 o o6 1 598 T

Olauls Sy pde sl 3Kl bl 5 S

loes;sl 5 Slals ool s b 3Lk e
OLLSKea 5 Cheong) el o 535 Aile ds
<=U4{ S de 3 A 3l A sl eSSy (YYY
Sl sk (sl a5 ead S5 ol
Gl T i 5T e US it
3 S o0l 51(YY 0K s Kumar)
(Ao ;3 O/A 330>) oS 22 bl onis 6))1-5
— So Olsmeas ol slo (Yo +) Achmad) 555
5 Aderibigbe) s ls 6))T)_é A 5o (s
ot OF sl -5 sl s, .(VAAY Church
@ G ) g Gl ssdes O genldnST L) ol
W3S g @) (S (B gl S
Sl s (eosSole b olsu U sdssde
sWang) Ly s stuaih (ol 5 5 ,500)
ol T3 Ol b b g (V0T 0L
o KB 518 s e dsene o sbaias
oAb (sl s B 53 518 el
S Lo opse Jels aolp cpl 5sd e oslixal
Ol da e a5l 515 o5 mle e L LB
JLid Lyl cos (il e gl (Ll dag
Lol g (S S 5l SRl gl UL
S Sl ek sl (Siade
52 Sl s el Pl 5 T 2
YY) OlSaa g Machado) ol Sl Ol
Ll s oV P 3y e s (858
48 palslatl s e 30l S
Considine) J_sb acils (v Wl Loy 4y
2 oSsn JS mas SAB S ol 5 (Y
ot el oS T e g e 1SS o
OLSKea 5 Bielorai) cnd s uls, i)
2315 L el on 0358 slag 3 025581 LV AAY

S50 S Sl 5SS oS DLis 5 ol gles

LY-RY-M

23 kS L s b sl Lol Dbz
Wl Comer SRl sy o5se el sladly
JLuw U 5,0k 4 550 a5 558 0 03) (padS &S
4 «(Y++4 Bongaarts) ~\*.Lid° el e s Ye0
Dol ads @l s Sl b ol
@_ﬂ Sod s Cxen Sl el 611 rl: 5 oLl
3o S aS Cul g e w5 S
A1 i Sl i S S Ol §aess
S anw s Oblge 4 cgyopl 5l keS u:»l: Los 63,
05 SR 4 gy Sl s cplielad g sl
Olgr so oab s o 5l A0 Ol W g
Ol | S O35 o n VS 0S5 )ls 3
Yo1a (L) aas e LS55, éL_y slaa > >
ool Sl s (YooY Ol 5 Manczinger
SUATY) i e (63,5058 5 1 oll
S5 s S e F O WYOUT g sees
il e B st o 8 S 53 5 O ek /0
Ay Olgr el 03 5 Ll el Gl S
OLSea 5 Verma <Y+ \A Da Silva) 535
Sl sl Sl (3 easl b ol T4V
Lty 25 o gmimn S OS (S1o g ol e
L sl sl 1 S & Ol Canle Wsa
el (Yoo (Ol 5 Brandelli) Jsled
S eslial Uy 5l L slaes sl 4y oS
3 ol 4 55 3550 3Ll o5l 5 sl )
(YA OLLSen s Kang) ol o3 s 0 iyt
L abord 5 S slagusl b L Ol ke
> L ‘fl—>" =l sl Al
sols LaalS 1 Of ol bl il il 1 of 55
2551 Jos 0 0f 5l ang ealizad

! Food and Agriculture Organization (FAQ)



EXZ AN D)Lo.a.:} AY 0,93 4u€m)|9m » w&:s).'

sladeul Jels oy ol oS 558 e J dos Ve
o &y 4SS 3 5 Sl Sl ol 5 ladzy il
oS5 m By i (Y a3 e s SLsel
Al 3 S el b A R
Al s 5 S s g o V0 Sl IS S
Er b i s Br e (7ol sl
(8 ol 0dle 3L O35, 4 b sin (5 ity 32
W o g 4y o el (R 55 Br iy
BEY S NGV e L A PSPV B E Y
ot 4S5 C e (0 .l Jgome (gl oy 5
23S el i i L s 6
O S el 5 J el (gl o 5
SRSt 5 P s S (S Lol e
6uwjﬂ|ﬁ); UL Caslie & il 5yl
OHLSKas 5 Zhao) Aol Lac s S 5 Ol lubey
olas (Y1) O, Ka 5 Guevara-Mesa (Y« +A
bzl » 5 612 C 5 Br By By A slagis,
Ao VAN A/ AQ/YA FAY YA S S A
5 Guevara-Mesa) Asls 5,0, S el S
sl a5l Gl sl (T O]
(oot DS 5 2 ok 2 @l S A e
225 O B 5 S GUF Ogg s e
J55 oAl s a8 e Ll

‘Jﬁ

b gy 9 3150
2l pls a sy oBSislasl s tassy ol

oo olSiils Sl as )50 5 Slld 5 el ple
el VEY Sl s ol b mbe 5 s5osLS
So s s ri)j o> A1 oLl sk 4l
AL s ol deadl i ol o dl) eS|
YXYXY LS i, a5 5,50 5 bl Jles

Jold alesl slajles ol 0l plnil 5 b

Al R 0l e S e S 2l (ol eslind
2 e 5 ol o35l b LoiS S n o
VY OLLSKes 5 Pedersen) 55 dal g (55
Lol slad 5 pop Gladss Aol Jassh opder
OLea 5 Davies) L5315 513 b 3550 1 el
la oy (Y++V Serwata ¢+ +V Laporte ¢Y++4
o b S LS 5 a3 s o s 0L
osban oled laed Sl 055531 L Ol 55
Yo VY (OlL,LSea 5 Eslahi) sls il 3lgls e
s liSLl ol e oS 5 Y+ +VoiGupta s Ramnani
(5&?_“.:3@)1)).{:» s, Shes gl in Laslsy
LA@J»._JJSL:}‘ s 6)}_1¢4L_: sl J;lJS onSeu“fJ
o)'l_q-\ l_b)lﬂ_}ﬁ 4_.:)4.’1...“...5‘) uﬁlé)h}bﬂ
s Bslahi) aesSCainf) g ny slads sy dms s
Sl ol godStal Jalse (Y)Y O
L (Y' Vv cPfeuti) &L_w‘ Qu“}g 9 V._i.l_w
=SS e YN i Y o e s lagh
sl Sl S s sl sl ﬁj-;ijluu@\p\)
6l_éo.k_~5l.:>-‘ )‘ oale_ul u_,_JJJJ U—“’l a AY VY
ss=b e b Sl bl Lol es led
oAl Sl s S 5 Sl e

slge gldss 250 s gl S cnladl ! S
Jj_ﬁ‘j» )‘J_'é oslaial Sy fb Ql?[.;}‘ E) L}SbF
0 4 Sy sl b 0850 o pl ol
SLS 5 A s (Vi b e o B
Sy JS (5 denl 588 s 8 Ja055 50

1 Cornell Net Carbohydrate and Protein System
(CNCPS)



158 3 595 s [ nistlionds S 3 1 55 o o6 1 598 T

e 2558) SUS 51 Lo 5,123 55 50 sl Jlas|
5 el sl slasles 53 A bl (Ol el
el sla Glad Gl sk 4 eaistal s
Lol S b a3 YV (gloys 3 aids 00 Ssw
SPNSMIPCN B P N QP RCI PN R
b S 13 G b 4 sless S e 5 L
LS 5 et S bt OS5 e
SO STl as jemme ol b e ged Tl ¢ ol
N0 glas) it osle w5 0k Slwl 2o s
GFa0) e s (el A Sl 4
e S (S 29)) b o (DS
(LS sl azpoor glas L S xsUle,59)
O3 o gomny ozl gldto 5 U ollas
L e S50 53 (Yrr 0 AAOAC) (3,5Lis
S U O3 e 1S 1A 05558 e
oo el s 05 Ao 3 S e o
= ataly 3l s (Y44V) Wekell 3 Hollingworth
144V Wekell s Hollingworth) 4—&  ac ol
(Y\V O, s Maghraby

TVN="""2 %100 (V alal))
e ) JS L OSs s TVN eyl s S
e el o P50 0 STAS e S ks
W b an Al adle s Ne(2d s s )
e a0 O

s U285 4 g S (6 S 051
slaise S5 A Ohaas S 5 555
Gl » g (C By By By A) 55 Ciless
ol oS oKl Jaw 5 ol Wl hsy bl
(i ol o504 s 5 Licitra) A g .S
Lol bl 5 o wged 518 0/0 Il s
Sl A e 00 s 5 03 255 S n e ) S
e Ve i Yl s 6l O @ s

! Total Volatile Nitrogen (TVN)

5318 e am 3\ Y e 5 Ve éu))u)é‘d‘}ﬁ

3 (Ao /Y0 5 i) Sl Sls e o

iy (o3 210 5 Lio) 5L s 5T el 53

S Y

a3 VY gles jn el i LIS ol rL;-)_, A
aids Yo Sdeas JKLL LS Y jLis 5l S ol

a3 VY gles jn el LIS ol rL;-)_, Al
aids Yo Sdeas JLLLLS Y LS 5 ol S sl
g;?djy&k:ﬂﬁ,ux@w/‘ropg,\,;)u;

a3 VY gles jn el i yldS gl CL>-J_; Al
L odd ey JCul ks Y lis 5 5l S sl
)'Li.?jﬁr_i)-j.,\.pﬁ'/\o

YRS R < S ORI W G (] <=L_>‘-J_; 3
aids Vo Slear JELLLLS Y Lis 5 ol S ol
5 Sl Sl e oy /YO el Hlad
)'Li.?jﬁr_u-ﬂw):'/\o

a5 Vv sles py el LIS 4 (’L’.'J—-f .0
aids Yo Sdeay JSLL LS Y SLis 5l S ol

s Ve gles jy el i LIS 4 CL&-J_; A
aids Yo Sdeas JLLLS Y Las 5ol S ol
g@y&mﬁwsz~/Yopom)u;

o Ve gles el LIS 4 ﬁuﬂ A%
L odd slas Il ks ¥ Lis 5 o S sla
)'L‘J}J:!ﬁJ'JTJwJJ'/\O

o Ve gles py el LIS 4 CL>J_» A
aids Yo Sdeas JLL S Y LS 5 ol S sl
B S IVAL NS o
)-Lsmﬁj-ﬂ.u)w/\o
S LS 3 s ol s el eslan e

Rl SCSE Gl e 5 Al g 255 s o) s

e e o] R I - W=y E

Al SUS g e 3 5 ek el oS by

ok LS St g ol sl



EXZ AN D)Lo.a.:} AY 0,93 4u€m)|9m » w&:s).'

oy b 53 U slomels (s e ) e A e
3 e 0T 03 S S 5C su b s
5 Br 5w g e glls S s ey ph 5 Jsleels
ot i Ll o Cewsa By isu ol C
el Be i s IS e (8 A
Ba%ep)=  100-  (A(%hepyt 4 la,

S aewlee Bi(%cp)+Bs(Yocp)+C(%cp))

Sl oo g 4525 5 Jose

33 GLM g 3l eslial Ul ol (slaesls
zb B s (Y+1Y) SAS, V9.1 &bl Jsle 5
oo a5 0S50 5 Las A Ly Jaslas LIS
S8 bl o 5 a5y 5e TXTXY L, S
3 mlesl slasles sla Sl amlie 23 8
00 Gols pan Jlazl mha 55 (STl Ose3l b

ol 5 ol 4 bl bl e s el

X = u + A1+Bj+ck +AB(ij) +AC(ik) +BC(jk)
+ABCi teijm

8 (Los J) A LgSU A8 (nSla it S5 sboas
8l o e s 035331 3) B S
e Jolize 3 S (555, VJ_};IWP\ ) C s
iz 3185 5C 5 A sla, S bl 318y 5 S

Ll isleshelail g 9 C 5 Bogsla, sSG

el oy tedds 6)‘9115 (’l’f&;ﬁw olsS 5
53 edd Sl o8 alers S 5 5 Sis
s il 5 Sl e e L cilzs glos
ol ety oSt eale ol a3 W) S 53
5 bl glaslas U e RS
Ot 3 el sl JTesle lde s a S
o3ln s il (gl e 4y Joled Lajlas
OIS e b bl slales (sl Sa

4Y/A) (Y+V) Ol,LSn 5 Pacheco (g 5w 5l ol

035731 Ol do 3 Ve Sl IS (65 sl Jgloms
i losl oyl s 55 a3 Y L5 Ye Cdad
Syt 5 03,5 Blo L o A (IS
ks JIS) el Lo RS s, beilasly
s 0 le S sl 05,00 (sl se (08H
dloue jybieas d (g So3ltl JllnS olKas
Slgme 05550 lytme | SuBis b 05555 S
J=S5 0520 3 ally Bl B8 (g5, el BL
A Ak 00 By oy a5l a2 S
5 03,5 BLsl & 3l e S 0w lySlins oy
Ol conls 1,3 BLSI glas jo celn ¥ odsa
o=ly Bl el (g, 5 ebile 8L slse 055 20
S eslul JIUsS oKaws L' (04H b JES)
Olys bt iy S 51 e ol STl 5
OS5 e B i el Cses Jglone 55
o=l Sl s n 8 D5a 0 e S L s A
C) o edu s 3 Jshomall 055 0 (s Sgr

Lo gad | 2ot ok 5 53 Jshoesl LI Tzl (By
5obd s (V43¢ Van Soest) p S5l olSaws s
U Ol s s 5 051 53 0 St 3l e
ok hate B g Dl ( (ES ek pd )3 Jgloeels
T ey s 50 J gl pl 8 Oles L 0T
S e S A e IS o L
SO Fgdal oty 55 53 ploesls LI L ol s
Van Soest) o Sl oKz 53 bl 0ukiy 30 J s
33 O iS5l day e 5 A3 e3lizad (V448
(Sl sy 55 53 U shonals BUI ltde a5 051
ey Olma Ly O a bl bt (55 5 Jluie
JIS ol Lo 5 © gl oty 5 53 slouals

! Non-Protein Nitrogen (NPN)

2 Neutral Detergent Fiber (NDF)

3 Neutral Detergent Insoluble Crude Protein (NDICP)
4 Acid Detergent Fiber (ADF)

5 Acid Detergent Insoluble Crude Protein (ADICP)



158 3 595 s [ nistlionds S 3 1 55 o o6 1 598 T

52 JS B 0358 e op i S(gssba (8 S
318 Sl am s Ve glos g3 0l (g1 o=
e 80 780) 5L T 5 Sl g e e b
oL 02 O (e85 (aged o5 Ao 30 8
o b3S Sl am s Ve gles s el (551 3
(4S50 oS Ao 53 0 8 e Av/E ) Codd o oo
Sl S B L sl LS sl
e o ls e s b a3l O o5l 4
“Ssosban (P</0)) cdbs IS 8 055 5
JS 0% 0358 e 5 s 5Tl 02553
oo 033381 5 il slas 3 pls Sosl B A
S5 L8 0550 e 55 kS o Lol s e
035 g s A28 el slasles o 5o
SLasS s coiS 5l sl Oy 4 IS 13
5 Bekhit) el ol 5L Sl s
sbaaol s 5l UL of e 5 (YY) Ol Sen
(o3l dsb 534S el (Sad S o aSs
~ o S e s ol 0 5 B 5 Je
S 58 03 (Yoo e Ozogul s Ozogul)iuss
by okl 45 el Jite 65 Jol edes 5 bon,
sl A ) el e 65 (IS b s SU
sl A ) S el 5l Bla il o
5 (A4S 5 Sy LG ol glaail b
e sbnd Ly las e g8 (5558 LS 5 L
3 Malle¢Y++ 0 (Etienne) < A S,

340 Cl” .(Y43A Riquixo ¢\4A4 Poumeyrol
) S e bl 53 Ghass cnl s edal
(o SKxilw a3 VYo sloos 5 el (g5 2 =
O 5 Beketov L 5 ol &1 ek e S
sl 035 (6505 0 5 Ao 3 p 8 e AY) (Y4Y4)
2= Sl UL e O Kin s ool (e
Y SR VAL APV PR E RSP

S 15 (4503

q0/V) (Yoo V) 0l,L_Sa s Barbour 5 (s 55
Motamedzadegan s Abedian Kenari 5 (\—s s
s Abedian Kenari) >3 (U5 4Y/80) (Y+14)
OlL_<S«a 5 Barbour ¢V+ Y4 Motamedzadegan
s Pacheco .(Y+)1 (Ol,L__<S«a 5 Pacheco <Y+ Y
(YerY) O, s Barbour 5 (Y+V1) 0L
S, V"i-’_J [ 6))1;5 S Lsls JuylS
s S ek el S gosbe (glgima 5 (s
OB ol s <=L>'- s ol otk w3
O ea 5 Barbour Law 5 odal sy b alis
Ol,LSea s Pacheco Lal 5 45 (s ;3 AO/A) (Y40 Y)
9 Abedian  Kenari s (—— 5,5 V0/Y) (Y+\)
Sldae (W—s ;3 YA/Y) (Y V4) Motamedzadegan
A0S STl s sl b s Sl
5 (YY) O, s 5 Pacheco [
Sdspdea aS sl Olis (YerY) ol 5 Barbour
S = S0 S0 b g o s
— 035 (al_>' OS5 SHde Ll rk_a- R
Y Lol e Slidiss ezl 55 ol 55 0s
Sz (Yoor NRC) Col ol Jisl58 Ao s
bvgold SIS mls 5l xS el o
(Y+14) Motamedzadegan s Abedian Kenari
0/4V) (YY) 0l,ea 5 Barbour 5 (ds s VAY)
Sl 3S (Yo Y) 0l,Len 5 Barbour .55 (4 s
= SAL s, AL g o sl p S LS
s i 2SI (g ptme 3 ol s
(Y+rY) 0l ,LSen s Barbour Lo o sdsl s
Pl Sl (gpmme 5l i Js (Lo 0/0A)
s Abedian  Kenari L5555 S

34 (Lo Y/01) (Y+14) Motamedzadegan
el S UlE 05 Uliae 1 ST 1B OS5 S
Slie ol sacd Sl s 3 sk (sl

O il lasles 8l o S 515 055 %



i )3 g

AR AN ¥ D)LM:} SY 0,93 culf..ﬁis)'

"D PUB g *V SI0PEJ 2214} JO 1931J2 UOHIRINUL :DFY ¢ PUE g SI01B) UIIMIAG 1ILD UONIRIAUL 1D i) pue

V SI0J0EJ U23aMIaq 193Jd UOIDBIUI 1)V g PUR Y SIOE] U23MIaq 193]J2 UOTIDRIAUI Iy ‘UoIIppe awkzua aseajord Jo 193132 ay) 1)) ‘UONIppE JJNSIGEIW WNIPOS JO 133]J2 ¢ ‘amjeradwa) Jo 1932 1y
LV o i e e e s oy e SR EO G gy e ast R G O T st R vy o i e asf S gf 3 ogve i A v as yvig f

“2wkZud 2se3101d JO 94C [ () “ONJNSIGEIDWL WNIPOS 04$7() ‘SNNUI ()7 10§ 2unssaid B4y 7 PUB D,00 [ I PAAB[I0INE SIay1ea) mey (§ swikzuo aseajord o4¢ [0 2anssaid gy 7 pPUe D,001 18 PAAEB[DOINE

SIOYIBa) MEY (L MINSIGRIAW WNIPOS 457" () ‘Snutw (g 10} amssaid gy 7 pue D,001 18 PAAR[I0INE SIAUILa) Ml (9 sainuiw (7 Joj amssaid Bgy 7 PUe D,00] 18 PIARIIOINE SIYIEI) Mel (§ awikzud

aseajoud JO 9470 NSIRIRW WNIPOS 94,C7 () ‘sANuIW (7 10 dinssaid egy 7 pue D,0Z| PRAB[20INE SIayIed) mel (§ 2wAzud aseajoud o461 ‘2unssaid egy 7 pue D,07] 18 PAAB[OOINE SIAYIRY} MEI

( € aNJNSIgeIdW WNIPOS 9,¢7 () ‘Sanuu ()7 10j amnssaid egy 7 Pue D,071 18 PAAB[IOINE SIaYILd] MBI (7 sanuiw g 1oj amnssaid ey 7 pue ),071 18 PAAR[DOINE SISYIR} MEI ([ :Sjuaunean [ejuaunadxy

I ASTAEP € ou/e o | ER R0 Y ¥ ad \F i 71 o o0 sC e 10§ e’ L SERSD e oy 581 © oy oo T e e § gy ol IR HS

Tre el e oy oy M e § e ) SR e o ey 1) K qd 1€ e of e oy ol e e € e | STERD e o o8 § gy ooy v e i ) B oqd 1Fepf o

e el €S Loy efr Mg je €

Tre e e g o e E en” L SR © ou/e For TR RO ) K oad \1fonf rre o e oy o€ e glie € e L STAmD e oy o6 € que ofer P e it € gy e 1R KOO ) ¥ ad ifigd

e gy o T e € e L STERSID AT w587 © o/ e o e At ) F o i

(NS T ) F | e of eaf L e e 5 je € e o STERSID e sy e ) F o 1 e
(S0°0> ) 2oUIaLJIP JUBDYIUSIS JABY SIAND] JUDIYIP YILM MOI YIBD JO UBIW DY [ pyqe

prge® ¥ T ST <F0 7 e A RerR e e o T (00105

(NA
e “C o$ al9E8  2q0F I8 €88 50998  09T8  S0F08  5q0SL8  «0F06 8080 01680 S9190 SI000 SLLFO ¥LPFO  T96E0  668F0
S0 & ¢ S
(1e 3pay) . . . . . . : , . : : . : : : :
oo 9¢°¢ o€ SHe 09°¢ €9€ 9'e 9¢°¢ ¥oe 06000 LTLY0 S6IL0 01¥S0 89¥L0 16860 €88L°0 CS088°0
(Usy) : : . : : : ; : : ; ’ : : ; . ’
~ ¥T9 ccs 1255 w's 09 IS €9 yoe LOI'O  S968°0 C9S0°0 L¥I60 PorE0 S9680 S9IL0 60500
A5

(urayord apni)y)
15788 8CL8 1698 0T68 LE68  TC88 ST68 1€88  19€°0 vE€6C0 SEPL'0  €8L6'0  LOBTO 1TC60 16TTO  SLBTO

19

e a9

(JeueW O1UBS1())
P 9L'¢6 8L¥6 96 806 86'€6  SY'vo LLE6  9LP6  LOI'O0  €968°0 T9S0°0 LrI60 P6PE0D  S968°0 SOIE0 6000
ol

(1opew A1)
- 9E¥6 8C'¢6 67 6 8'co LLE6 6¢°¢6 9516 196  CeF0  €5+90 BL60OO 6LFBO0 9¢BY0 BOS8O 8FLED €S66'0
e =TS
1 [4 £ 14 S 9 L 8 (NAS) \4 | J av IV od o4av
uonisodwos) s ispy
g™
( [eorway) (sjuaunean [euawLadxy) ;
: ) . e <P = S (anpa-g
Sl e S
=5

(,-80013w) udSo1u dE0A €10} puE (2,) uonisodwod [Eatwayd uo Fuissadoad 1Y)y MEL JO 32 -] IqEL
orfp T EIFDF ) € LT oRAP (For) € R FF S (757 oF o 59 k)



158 3 595 s [ nistlionds S 3 1 55 o o6 1 598 T

DS 6l (Yorw) OSan 5 Ligkjel b g5 o5
a3 WV s Sol sl S pale o 5 L
Ve len L anslin 5o aids Yo Cdews o S il
Ad edalin 4 ads Y leds ;\J§L;:3L.A Ay
Ol,LSan 5 Davidek .(Y+++ (ol,LSan 5 Ljokjel)
KB Ol ol 5l SG e W S 518 (V44
O3l w5l Osls Syl b s sy 4 s
Sl i 5 et Ale el aal Lol
(V44 (Ol Ka 5 Davidek)
b o ads sl el Ly s By i
ol ool 5l s S 15 bl slasles
03558l . dls 353 By sla fiou  (sold e
sl b 53 S il 5 Sl e
Sl P/ V) By i sl me Sl als
T 5 Sy e e Sl eslizal S 555k«
By [isu Sl ol gl b 05 5l
el ol s il sles I e
Sosb 4 sl eag ol gme P<t/00) By iy
Vo L aglie 53 ) 0e) by les 53 (55l
Jsde) s By i il 5l s (5,8 ol a5
(s ol 53 edal e 2l sl s (v
5 Guevara-Mesa kv 5 ol de L& Lo
Lops VAL A dla il (7 V) 31, Kes
S (6 e85 2o33 TRV By 5 (ol 55 5
ol s Sl 2als sl Sl s o
a3 48 (5 RS 5 Bl U il
J'L)b-_f el 5ol alis gsta 0ol ol >
s Nasri 1444 0 ,LSa s Mustafa) c—ol sus
dos 53 Dl (ol pasle L(YorA (OLSn
Szl 2ol Jod 5l s 450 gl
2 bl K Olsea Ll o B Olin 155 5 a
(Yero Yu)spd an S L s Sl > slajles

o ol Coelsbada oS 3 Ul e

0P 03 S U 05 e Sl
=l o b alie o3 ol Ledd dpshs
Ol 3 sl el gladwl clake 2155l edas OLES
059 s YoV QL Sen 5 Beketov) ol
S S 3l Sis s DS 5 L SWsl
053, 5 3051 ael Sladensl &y Loy 5 WSy
(VA O 5 Beddows) K5 o LS55 513
b o3 Sl gl e O35 353 rag cnl o
[P PRCHC{N Uy Cop JER} PR g REIY - ST IO
();)J'_é\ aS Wsls OLES s (=L>.=}l olles S
ol W5 e eS| Jalge 5l b slacdals
doas 2l 1 el (o505 Sl IS s 055
O s Manju <Y+ +A Yerlikaya s Gokoglu)
6l ke sles s g1 e (YV
ol o3t s Js I S 18 05 58 e
Pl S 515 055 25 Jlde (55505 sbes I L
les Julidl L as sl Olis andlas oyl b s
OS5 e (o Kl a3 4wy 00 5D (g5 2
Ruiz-) 4ol s il 3l sols ime ssbas IS 5158
Y++¢ Moral , Capillas
3 9 s 590 A ey SRR
el (55515 P S pAl Sliae s S
AU cem edd o510 ol s A i
sl bl s 5l 5 e S 3 alesl gl b
08l o gy A Gla s e (ol gxe
ol b 53 3 T s el g e
P SN A s ol Sl el
A i sl e il cile glos 53 55l b
las 53 o5l 5 48 b e cils (P<v/00)
o (L3 Bl 53 VY0 L anslie 53V 0) by
s Slal; o (7 Jsdr) LB A s 30
SOl 03 B GOs 8 S Gl
el il gladnd 0313 s 31 e Uleas! UL



EXZ AN D)Lo.a.:} AY 0,93 4u€m)|9m » w&:s).'

1 oS ladi (bt s i
03 pslie olle 5 L ls e S o LS 55 (S
Wrzesniewska-Tosik) 1S o sbowl lals g 0 ol 5
oS 4 o ‘_;LAMJK)\jJ.{:A Y++V (Adamiec
T 03555 Al g (g3 Slaod Sl (51 S
Sl ddl 4w $balisy S L &S LS s
2 gdny Gladisy LS s 5L 51 S
S, ey 1 S SIS 5 s o 3 5 e
<144V Muller 5 Bockle) LS J,.x_, oLl
OLKa s Yamamura ¢Y+ +V Gupta s Ramnani
Yery

AU o el sl o 5 i Br Sy
Solal b 5l e K8 el slalas
sl sy s By gl s o (ol me oslE
b 3 38 el 5 Sl e i 035581
Al iz gl 53 5ol 5 Pl 1 sl
53 (F Jsdes) GBI By iy o (65 s
Guevara- « 2ags pl 52 sl s mk bl
Sl selin L@ =l (Y01)) O, Sa 5 Mesa
Lo s WP Br 5 (ol 55 doss AA/TR) By
R N N [ P o (L -y
03 sl S i ) sl sy =W
Br 5 Br sla iy slie @A Gl 5 UL slabes
S Wl is1S (Yoo A) Ol Sas 5 Tham (sl
o M ls g ke 6ol B sles il L
e BB iy e 5 ialS By

Br it e ol e sl (bl L
o3l 3 Pl o e Br s 5 il sy
s S 5 ilesl slalas 5 cou el
o Sl b 53 g e e 03353
Sosba Cils (P<e/0 V) By s 5 suls sme S
ol 5ol b 53 ol g pbie e 3l eslinal &S

s el 3l eslial 8 Br e JalS o

e S Sl a1 0T (i) &l >
By 5 A la s (V448 Van Soest) =5
eSS 3 s 5 s g b i
JIs (Vo) O 5 Alzueta) L ps o 4528
e Ly odls 6013 s Jgome i 58l
G s Ol e 1 W pﬂ)ﬂ 5 S g e
O 33l 5 S350 5 Sl g3 Gl sy O
S Sl 3y ealsladenl 5 Lok 3l e
(Y2 A) 0L 5 Tham Lo 55 oS X C:LJ
D sl b sloes il Lias slales s plnil
s A la s polie (LS Sl amgs Ve a4 V0o
s McKinnon .3 als (g,ls xe ,sba By
IS sl 3w Lsls 218 (1440) o,
Yo Sdan ol S Sl as VY0 sles s Ul
35 0 Bl SIaSlE (5 2y 525 EalS e 435
(B o=l 530440 (OI,LSa s McKinnon)
5 3L55 0 ol 03931 b glomn Jio 53 3l
LA sdalline 6))11—‘.’ L s s gl R
srban Sy plis s 035580 A Sy sben
bl il el el b o St
Ll oy 55 (por L8 0l & S L Gl
Aol 563 o diSLmD) s kiSLl Jole S a5k
et L 35— 55 (b3 sl uSLl Ly
Slads S L L 0818 am8 ol o ple
e s A 53 5 A e B S sss
J_:S‘)_»J.:@_d\) S ol 4 Lajsls g
Gupta s Ramnani «V+\Y Ol,__ e 5 Eslahi)
Ol S (YooY L Sea 5 Yamamura <Y+ +V
L el el O et 3l UL il (g5l
Rl b Al uis sla by JSs ool
Gty Slre s 3 1Bl et Slad S5
Sty oy S il slaciand 5o b sl

UL Glgome baw g oS g g6 AL 5 .l



158 3 595 s [ nistlionds S 3 1 55 o o6 1 598 T

o (Y1) OlLes 5 Guevara-Mesa ¢ s 55
s Ao YA C iy sl el L&
UL clde . 8sls &1 Eh ol s sl (<=L>'-
A S s 8 sy A 025
(C i) ol oslizal LB 2 Ol 6l s
38 il a3 VY slas o ol (_;)ﬂjéﬁ: 33
033 UL Sl b laday IS8 ks Wsa Ulazs|
Lol 0als 513 5 048 J> bbb, 4 e & ol
s Pt Sl 0l 03 Sy 2 5
s 53 85 (€ i) odd L L e 2ees LG S8
S 53 5 S palls S s DA S
U DY S N
sMjoun) 55 SOl e S L e
s Plegge) e JB s s YoV e O a
6um~J Slp o3 il gl (V4A0 Ol
5SSl 5 gl 5l 5 05 S
Slrlast el 3 i 5 3l UL coalis
YooV OlLsShn 5 Schwab) 510 ol Slasldl
OLL_Sa s Tham .(V44Y Ol,L_Sea 5 Sniffen
Gla it o 6osl b calie glales (Yo A)
DLt gl ol 13 e 35580y ilisn
Loalie ;o Ver) d)ﬂj—é les Bl LS sl
S e (gl ey b G S sl N 8
2 ol s Gl e 23l Sl C
s Tham) cul esls OLL Cale o dleS
S O | F P S T Y JE RN A DRV IO
o ORIl 5 Br (i 0 Jsleeb 5 oS
535k STy & e a1 8 pl 555 0 C 5By
Calsamiglia) 555 o S U= L LS 5 0t

(1447 Ol 5 Licitra <1440 Stern

il sl 53 sl s e o3l b
ol oV dsdr) GOl Br 25 1 g)ls e
dole SO Olean el ol e 51 s,
So s kel pgs slakisy BISS (¢  sdS L
Sty sladssy s Gl — ol LS
o) s e b T3 nl b s s asliza
s a5 5 B o |y Al g g5 sl
S o Wy (sl Sa) gl St
PO P SO P S KY YR I} P TREOT
sdore Skl Lail 5 15 e 53 5l ) sba
3ot B e 4 )35, S e 18
(Y+\V) Pfeuti .(Y++V (Ol,L_Ssa/ s Damodaran)
BEUTRSERGINN Jovr SR L oot L=l &S 5l 5158
Golbw gy s S e L 1) S p Dl
My —apiwd (s Sladise 4 U sjle o 3B 1,
L S Ly el sladeul a1y ladzy 5038
035 03 d5m e Ods s oled Sty el Sl eslind
s Ao to U S ) sba
Jolomsls oLt (55 Olea b 0552 € i
B S s o3l el el (sody 55 53
sl bl s 5l 5 e S 8 alesl gl b
2 dselels 555 b C o g ol e
03 idise gles JCdls 3 gy (el oy 5
o3 e (P<e/0)) C s fl;._f*f ‘5)ﬂj.é
Vo) Soml sbes 53 ol S sbar ol 03y
s L € i el o (S Sl e
ol pls s sl sodu b 3 ol ol
553, m;b o) g i b 035331 L
Slea LC ion  golsine Jl ol oos1 5 b
St el (Gody 55 55 Jsomali ol 55

o=l s odel S 34y @l_z'. sl o (Y Jsas)

! Bunte Salt



i 53 g3y

AR AN ¥ D)Loa:} SY 0,93 cutf.\;;s)'

") pUE g ‘Y SI00E] 321U} JO 10913 UOIRRINUI D)V ) PUE g SI0}0B] U2amIAq J03JJa UOTIIRIDUI (g D) PUB Y SI0I0E] UdIMIq
199]J2 UONOBIAUI ()Y ‘g PUB V SIOE] USIMI] J193JJ3 UONOBIAIUI (Y UOINPPE dWAZud aseajold Jo 10a[Ja 2y D) ‘UOIIPPE A NSIGRIAW WNIPOS JO 193132 1 ‘dumeradwa) Jo 10ajJ0 1y
Vi oy @ i 1660 TR e s g e R EORG gyl e ast e vig ovi i emi as e y i og il e asf e gf 3 ogv i A mastt yig f

“AWAZUD 9582)01d JO 94,61 () “DIINSIRIDW WNLPOS %467 ()

‘sopnurw g 103 2anssaid ey  pue D,001 18 PRAB[OOINE SIS MmeY (8 dwzua aseajord o461 (0 ainssaid ey 7 pue D,001 18 PRAR[OOINE SIdUYIE] My (/L SMJINSIGRISW WNIPOS %S ()
‘sapnuiw (g 10§ ainssaid B gy ¢ PUB D00 1B PRAR[I0INE SISYIEA) MBI (9 sanuiw (g Joj anssaid By 7 pue D,001 18 PAAR[I0INE SIAUIRa) Mel (¢ awAkzua aseajoad Jo 9,6 "0 “ajnsiqelaw
WNIpos 9,67 () ‘saynuiw (g 10j anssaid egy 7 puB D,071 PRABDOINE S1ayjea) mel (f awAzua aseajold o461 “anssaid Bdy g pue D,07] 18 PRAR[D0INE SIdYIea) mel ( ¢ 2insigejaw
WNIpos 94,67"( ‘sanuiw )z Joj ainssaid egy 7 pue D,z 18 PIAB[I0INE SIAYIB3] MBI (g Sanuiw ()7 10 2anssaid edy 7 pue D,07[ 18 PIARDOINE SIaUIea) mel (] :sjuawiean [euawniadxy

ooy (LM Koyl

NFE A IEaE e o€ ey o T e C e L SFRmED § oy e (TR EEG0 v B oad 18 rre o a0 wuy o 50§ ey SERmSD rer 1 o8 € gy e o e s € gy
oy | TR TR0 o) ¥ d |F5F ore €0 a0 a <O T e € e L SFERN e efre ) F il e cC e v o0 e 0 € e C L SRR Ber D w587 € gy e e e i
D F A1 rre e e w5 § e L SRR © oy sl 1R EERO ) F ad | mre of e w0 e e e L SEAmSP P L sf e © oy el el e e © gy

LD T ) F e | o o e o e S € e L SRS e g g 1) F A0 | o oF 509 Ly o e e € e L SRmSID e g 58T € oy sler e e e
(S0°0> o) 9OUSIAYJIP JUBDIJIUTIS DAY SI013] TUISJJIP YIM MOI OB JO UBIW DY | poqee

_,..E.sn.\ o gl Al ) Lo e A RerR o e o ey (o sy

dd1av oL9T  W8ST  WSST  WLST  wEET  «LTT  GOLT  LET'T $SO0 10000 TOTI'O  TIE80  OLITO 0L0FO SPLEOD  8F9T0

dOIAN A9V SlIF WFSY WLLE WOLT GELT LT GEET 16070 10000 810070 ¥86L°0 ¥86L0  €981°0 ¥9E0°0  6I¥I0
(D uonodeLy)

"D WL9T  o8ST  WSST  WLST  wECT  NLTT GOL'T  SET'T #SO0 10000 TOZI'0  TIE80 OLITO 0LOV'O SPLEOD  8¥91°0
(£g uonoely)

=g 6T q€STT w661 OTT  GEF T 9P T 90T (T 6£0°0  9€TI'0 10000  06SL°0  6LST'O  THSO'0 80000 9€TI°0
(g uonoely)

~Tg S6'LS  06'€8 L9S8  ILT8  1€68  v8P8  TSS8  €OVS  6EL0  LS9SO  TOSO0  TIGL'O  9198°0 TISEO SO0S0  8TSLO
(g uonoey)

~'g SITE TF8  pSF9  wLI0L oT€FY  oT88 569 «FO'0O1  TSO'0  LSTO'O 10000 1000°0  €S8T0  €+09°0  £000°0 909070
(v uonoery)

il H£EE LSE WPEE WSEE GI9E gI9E aSLE q09E  SSO0  06£0°0  TOIS0 IS0 8LLED  9TSHFO  LEGED  0£98°0

! [4 £ ¥ < 9 & 8 (NIS) \4 q J aVv IV 24 odv
Suonael, e
(syuaunean Jeyuawadxy) as bl
N i =5 =P T S (@ )

(dD%%,) wajsAs upyoad pue 3eipAyogqaed Jau [[2Ul0d uo paseq suodely uryo.id uo Suissadoad 1ay1eay Med Jo PP -€ dqeL
P 4T D E qd € e ) MO H el i SO € W60 qe o (oCoy KOO 3&



158 3 595 s [ nistlionds S 3 1 55 o o6 1 598 T

et 5 By fou a8 5By i Al e
o ol T8 53 3L T 03553
By s eamen 5 S D15 055 0 Dlide (L8
slaes s L;)ﬂ)é aS sls plis @L.: e L3 g o
C i 2l s LS Bl a2V ) ol
Soku 55 53 Jsmall ol (85 Olea b (55 2
ple @ g bl e ok Sosl b el st
sl e o e b olS 5 ol
o LS 5 e s Rl ees
Slos 5 odd (5ol slasled )3 s Jskmals
s w Lol en (LS Bl w53V 0 0) ol
SUS 51 ol iy i lag iUl il
Y )L_,.i._éjglJfJ:jL_M a3 Ve gy seu i
Y0 L edd sl aads Yo deay JLL LS
P T N AL BT RCIW: P B SR W g
Sl oslial 55 5 slacy Sl 51 (Sl
235 A 3l e O 0 S ke S S
S5 53 b ro 5 ol o355l b iS5
SR G315 Sl 25h o a5 1 o g el
Voo e s a8 US55 al e rb’- PRIy
Yo e SISl oS Y LS Bl o s
s ol 5 Colpe ool b olpes wids

25k sl

References

e DS e ekl 3 sle S S
B e g 53 J sl pbt 55 Rl
23 Sheml oy 5 3 gl ol 5 1
osban A3l UL gles s ek sl slasles
el 0 Sl S ol slasles oJ gene
OF b Lol cdas (258 1, Lo o 5 3 Jlomals
e iy Skl ok 5 )3 Ikl ol g5
oy pb 55 skl SUIN S 5 5 (S smmn 5o slE
S o g2 oy pb 55 Jshoeal SUL 5 (sl
B3 g O i S g ol S
Sl joite Oals D)l Do 5 6 55 ol o o sl
—= 2 (Y ol _Sea 5 Rafiee-Yarandi)
o550s 5 e iaS slapss s Lk e 5158
i oy 53 55 Ul B 55 1y 5l e
Sl s s 8 ol Ll cssls oL
SLa S coul S ol oy 5 3 J shoeals
ol s SRl Sl sl 4 e UL
Al andls 5l el Sl ey 58 3 J sl

(VAL e 5 Waltz)

IS (5 S oS
S 2l OB e SRk pl J Jel mlE G
(sl_>-ﬂ LSJJIJ—:; B w}—wdb r.le: )‘ oalail

Abedian Kenari, A.,.& Motamedzadegan, A. (2019). Evaluation of apparent protein and amino
acids digestibility of some animal and plant proteins in Siberian sturgeon (Acipenser baerii,
Brandt 1869) diet. Fisheries Science and Technology, 8(2), 83-89 .

Achmad, W. (2001). Potential of Agroindustry Waste as Cow Dieting Bogor Agricultural

University.

Aderibigbe, A., & Church, D. (1983). Feather and hair meals for ruminants. 1. Effect of degree
of processing on utilization of feather meal. Journal of Animal Science, 56(5), 1198-1207.
Alzueta, C., Caballero, R., Rebole, A., Trevino, J., & Gil, A. (2001). Crude protein fractions in

common vetch (Vicia sativa L.) fresh forage during pod filling. Journal of Animal Science ,

79(9) 2449-2455.

AOAC. (2005). Official Method of Analysis (15th Edn ed.) .
Barbour, G., Werling, M., Yersin, A., & Lilburn, M. (2002). The effect of enzyme predigestion
on the nutritional quality of prepressed turkey feather meal. Poultry Science, 81(7), 1032-

1037.



EXZ AN D)Lo.a.:} AY 0,93 wlf.wS,l,M » w&:s).'

Beddows, C. G., Ardeshir, A. G., & Daud, W. J. B. (1980). Development and origin of the
volatile fatty acids in budu. Journal of the Science of Food and Agriculture, 31(1), 86-92.
Beketov, S. V., Kozlov, A. V., Gorbunov, O. V., & Golovacheva, N. A. (2020). Development of
an integrated approach to assessing the sanitary quality of feed for fur-bearing animals. BIO

Web of Conferences ,

Bekhit, A. E.-D. A., Holman, B. W., Giteru, S. G., & Hopkins, D. L. (2021). Total volatile basic
nitrogen (TVB-N) and its role in meat spoilage: A review. Trends in Food Science and
Technology, 109, 280-302.

Bielorai, R., losif, B., Neumark, H., & Alumot, E. (1982). Low nutritional value of feather-meal
protein for chicks. The Journal of Nutrition, 112(2), 249-254.

Bockle, B., & Muller, R. (1997). Reduction of disulfide bonds by Streptomyces pactum during
growth on chicken feathers. Applied and Environmental Microbiology, 63(2), 790-792.

Bongaarts, J. (2009). Human population growth and the demographic transition: Philosophical
Transactions of the Royal Society B: Biological Sciences, 364(1532), 2985-2990.

Brandelli, A., Sala, L., & Kalil, S. J. (2015). Microbial enzymes for bioconversion of poultry
waste into added-value products .Food Research International, 73, 3-12.

Calsamiglia, S., & Stern, M. D. (1995). A three-step in vitro procedure for estimating intestinal
digestion of protein in ruminants. Journal of Animal Science, 73(5), 1459-1465.

Cheong, C. W., Ahmad, S. A., Ooi, P. T., & Phang, L. Y. (2017). Treatments of Chicken
Feather Waste. Pertanika Journal of Scholarly Research Reviews, 3(1).

Considine, M. (2000). New enzyme technologies for poultry by-products. Australian Poultry
Science Symposium ,

Da Silva, R. R. (2018). Keratinases as an alternative method designed to solve keratin disposal
on the environment: its relevance on agricultural and environmental chemistry. In: ACS
Publications.

Damodaran, S., Parkin, K. L., & Fennema, O. R.(2007). Fennema's Food Chemistry. CRC
press .

Davidek, J., Velisek, J., & Pokorny, J. (1990). Chemical Changes During Food Processing .

Davies, S. J., Gouveia, A., Laporte, J., Woodgate, S. L., & Nates, S .(2009). Nutrient
digestibility profile of premium (category III grade) animal protein by-products for
temperate marine fish species (European sea bass, gilthead sea bream and turbot).
Aquaculture Research, 40(15), 1759-1769.

Eslahi, N., Dadashian, F., & Nejad, N. H. (2013). An investigation on keratin extraction from
wool and 'feather waste’ by enzymatic hydrolysis. Preparative Biochemistry and
Biotechnology, 43(7), 624-648.

Etienne, M. (2005). Volatile amines as criteria for chemical quality assessment. Seafoodplus
traceability .

Gokoglu, N., & Yerlikaya, P. (2008). Inhibition effects of grape seed extracts on melanosis
formation in shrimp (Parapenaeus longirostris). International Journal of Food Science and
Technology, 43(6), 1004-1008.

Guevara-Mesa, A.' L., Miranda-Romero, L. A., Ramirez-Bribiesca, J., Gonzalez-Murioz, S.,
Crosby-Galvan, M. M., Hernandez-Calva, L .M., & Del Razo-Rodriguez, O. E. (2011).
Protein fractions and in vitro fermentation of protein feeds for ruminants. Tropical and
Subtropical Agroecosystems, 14(2), 421-429 .

Hollingworth, T., & Wekell, M. (1997 ). Association of Olfficial Analytical Chemistry
(AOAC).D.C., US4, 2, 869-870.

Kang, D., Herschend, J., Al-Soud, W. A., Mortensen, M. S., Gonzalo, M., Jacquiod, S., &
Serensen, S. J. (2018). Enrichment and characterization of an environmental microbial
consortium displaying efficient keratinolytic activity. Bioresource Technology, 270, 303-
310.

Kumar, D. M., Priya, P., Balasundari, S. N., Devi, G., Rebecca, A. I. N., & Kalaichelvan, P.
(2012). Production and optimization of feather protein hydrolysate from Bacillus sp. MPTK6
and its antioxidant potential. Middle-east Journal of Scientific Research, 11(7), 900-907 .




158 3 595 s [ nistlionds S 3 1 55 o o6 1 598 T

Laporte, J. (2007). Nutritional evaluation of animal by-products for the partial replacement of
fishmeal in diets for gilthead sea bream (Sparus aurata L.).

Li, Q. (2019). Progress in microbial degradation of feather waste. Frontiers in Microbiology,
10,2717.

Licitra, G., Hernandez, T., & Van Soest, P. (1996). Standardization of procedures for nitrogen
fractionation of ruminant feeds. Animal Feed Science and Technology, 57(4), 347-358.

Ljekjel, K., Harstad, O. M., & Skrede, A. (2000). Effect of heat treatment of soybean meal and
fish meal on amino acid digestibility in mink and dairy cows. Animal Feed Science and
Technology, 84(1-2), 83-95.

Machado, G. S., Correa, A. P. F., Pires, P. G. d. S., Marconatto, L., Brandelli, A., Kessler, A. d.
M., & Trevizan, L. (2021). Determination of the Nutritional Value of Diet Containing
Bacillus subtilis Hydrolyzed Feather Meal in Adult Dogs. Animals, 11(12), 3553.

Maghraby, O., Hassouba, M., & El-Mossalami, E. (2013). Effect of methodology on the
determination of total volatile basic nitrogen as an index of quality of meat and fish.
Egyptian Journal of Food Safety, 1(1), 23-34.

Malle, P., & Poumeyrol, M. (1989). A new chemical criterion for the quality control of fish:
trimethylamine/total volatile basic nitrogen (%). Journal of Food Protection, 52(6), 419-423.

Manczinger, L., Rozs, M., Vagvolgyi, C., & Kevei, F. (2003). Isolation and characterization of
a new keratinolytic Bacillus licheniformis strain. World Journal of Microbiology and
Biotechnology, 19, 35-39.

Manju, S., Gopal, T. S., Jose, L., Ravishankar, C., & Kumar, K .A. (2007). Nucleotide
degradation of sodium acetate and potassium sorbate dip. treated and vacuum packed Black
Pomfret (Parastromateus niger) and Pearlspot (Etroplus.suratensis) during chill storage. Food
chemistry, 102(3), 699-706.

McKinnon, J., Olubobokun, J., Mustafa, A., Cohen, R., & Christensen, D. (1995). Influence of
dry heat treatment of canola meal on site and extent of nutrient disappearance in ruminants.
Animal Feed Science and Technology, 56(4-3), 243-252.

Mjoun, K., Kalscheur, K., Hippen, A., & Schingoethe, D. (2010). Ruminal degradability and
intestinal digestibility of protein and amino acids in soybean and corn distillers grains
products. Journal of Dairy Science, 93(9), 4144-4154.

Mustafa, A., McKinnon, J., & Christensen, D. (1999). Effect of moist heat treatment on in-vitro
degradability and ruminal escape protein and amino acids of mustard meal. Animal Feed
Science and Technology, 76(3-4), 265-274.

Nasri, M. F., France, J., Mesgaran, M. D., & Kebreab, E. (2008). Effect of heat processing on
ruminal degradability and intestinal disappearance of nitrogen and amino acids in Iranian
whole soybean: Livestock Science, 113(1), 43-51.

NRC. (2000). Nutrient requirements of beef cattle. Seventh. In: The National Academies Press,
editor. Washington, DC.

Ozogul, F., & Ozogul, Y .(2000) .Comparision of methods used for determination of total
volatile basic nitrogen (TVB-N) in rainbow trout (Oncorhynchus mykiss). Turkish Journal of
Zoology, 24(1),113-120.

Pacheco, G. F. E., Pezzali, J. G., Kessler, A. d. M., & Trevizan, L. (2016). Inclusion of
exogenous enzymes to feathers during processing on the digestible energy content of feather
meal for adult dogs. Revista Brasileira de Zootecnia, 45(6), 288-294.

Pedersen, M. B., Yu, S., Plumstead, P., & Dalsgaard, S. (2012). Comparison of four feed
proteases for improvement of nutritive value of poultry feather meal. Journal of Animal
Science, 90(4), 350-352.

Pfeuti, G. (2017). Improving and characterizing the nutritive value of feather meal using
rainbow trout (Oncorhynchus mykiss) as a biological model: Insights into determinants of
digestibility of proteins University of Guelph.

Plegge, S., Berger, L., & Fahey Jr, G. (1985). Effect of roasting temperature on the proportion
of soybean meal nitrogen escaping degradation in the rumen. Journal of Animal Science,
61(5), 1211-1218.




EXZ AN D)Lo.a.:} AY 0,93 wlf.mf,l,m » w&:s).'

Rafiee-Yarandi, H., Ghorbani, G. R., Alikhani, M., Sadeghi-Sefidmazgi, A., & Drackley, J. K.
(2016). A comparison of the effect of soybeans roasted at different temperatures versus
calcium salts of fatty acids on performance and milk fatty acid composition of mid-lactation
Holstein cows. Journal of Dairy Science, 99(7), 5422-5435.

Ramnani, P., & Gupta, R. (2007). Keratinases vis-a-vis conventional proteases and feather
degradation. World Journal of Microbiology and Biotechnology, 23, 1537-1540.

Riquixo, C. (1998). Evaluation of suitable chemical methods for seafood products in
Mozambique. United Nation University Fisheries Training Programme, 58 .

Ruiz-Capillas, C., & Moral, A. (2004). Free amino acids and biogenic amines in red and white
muscle of tuna stored in controlled atmospheres. Journal of Amino Acids, 26, 125-132.

Schwab, C., Boucher, S., & Sloan, B. (2007). Metabolizable protein and amino acid nutrition of
the cow: Where are we in 2007. Proceedings of the 68th annual minnesota nutrition
conference ,

Serwata, R. D. (2007). Nutritional evaluation of rendered animal by products and blends as
suitable partial alternatives for fishmeal in diets for rainbow trout (Oncorhynchus mykiss) .
Sniffen, C. J., O'connor, J ,.Van Soest, P. J., Fox, D. G., & Russell, J. (1992). A net
carbohydrate and protein system for evaluating cattle diets: II. Carbohydrate and protein

availability. Journal of Animal Science, 70(11), 3562-3577.

Tham ,H. T., Man, N., & Preston, T. (2008). Estimates of protein fractions of ‘various heat-
treated feeds in ruminant production. Livestock Research for Rural Development, 20.

Van Soest, P. (1994). Nutritional Ecology of The Ruminant (Vol..476). Cornell University
Press.

Verma, A., Singh, H., Anwar, S., Chattopadhyay, A., Tiwari, K. K., Kaur, S., & Dhilon, G. S.
(2017). Microbial keratinases: industrial enzymes with waste management potential. Critical
Reviews in Biotechnology, 37(4), 476-491.

Waltz, D., Stern, M., & Illg, D. (1989). Effect of ruminal protein degradation of blood meal and
feather meal on the intestinal amino acid supply to lactating cows. Journal of Dairy Science,
72(6), 1509-1518.

Wang, X., Shi, Z., Zhao, Q., & Yun, Y. (2021). Study on the structure and properties of
biofunctional keratin from rabbit hair. Materials, 14(2), 379.

Wrzesniewska-Tosik, K., & Adamiec, J. (2007). Biocomposites with a content of keratin from
chicken feathers. Fibres & Textiles in Eastern Europe, 15(1), 60.

Yamamura, S., Morita, Y., Hasan, Q., Yokoyama, K., & Tamiya, E. (2002). Keratin
degradation: a cooperative action of two enzymes from Stenotrophomonas sp. Biochemical
and Biophysical Research Communications, 294(5), 1138-1143.

Yu, P. (2005). Protein secondary structures (a-helix and B-sheet) at a cellular level and protein
fractions in relation to rumen degradation behaviours of protein: a new approach. British
Jjournal of nutrition, 94(5), 655-665.

Zhao, G., Xue, Y., Li, Y., & Zhang, W. (2008). The estimation of duodenal utilizable true
protein in<sheep fed mixed rations using the nitrogenous fractions of the Cornell Net
Carbohydrate and Protein System. Small Ruminant Research, 76(3), 190-194.




