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RUMlNAL DEGRADATION CHARACTERlSTICS OF
LENTIL BY-PRODVCTS

Sakine Yalçml Nurcan çetinkaya:! Adnan Şehu3

Mercimek yan ürünlerinin rumende yıkı1abilıne özellikleri

Özet: Çeşitli mercimek )'Cm ürünlcrind~ ()'fmlik mercimek, iyi kaliteli
mercimek kepeği, kötü kaliteli mercimek kepeği), kuru madde (KM), organik
madde (OM), azat (.iV), 1lijtral deterjan fiber (NDF) ve asit dete~jan fiber
(ADF)'in rumende ]ıkılabilirlikleri in situ naylon torba tekniği ile 'belirlendi.

Araştırmada rumen kanülü takılmış, ortalam), 40 kg ağırlığUlda olan
3 baş Ankara keçi tekesi kullanıldı. Hayvanlar iyi kaliteli kıyılmış kuru çayır
otu ile beslendiler.

Yemlik mercimekte KAl, OM, NDF vı ADF'nin yıkıhibilirliği, diğer
mercimek yan ürünlerinden deka )'iiksek hulundv. Yemlik mercimek, iyi ile Mtü
kaliteli mercimek kepeği kuru maddesinin mmende maksimum jJotans(yel yıkıla-
bilen değerleri sırasıyla % 87,58, 67.55 ve 5ı.85 olarak belirlendi ..

lvIerdmek yan ürünlerinin, ii;;;eUikle)'Cmlik mercimeğin, rumende çozu-
nebilen ve yıkılabilen o'{.otlUı fazla miktarda olduğu gözlendi. Bu durum,
mercimekyan ürünlerinin, runıenfonksiyonu için çözünehilert ve yıkılabilen 'azot
sağlayarak düşük dü::.qde az:,ot kapS{l)'a71k{ıba yemleri tamamlayıcı olarak
kullanılabileceğini göstermektedir.

Anahtar kelimeler: Mercimek yaıı ürünleri, in situ yıkılahilirlik, naylon
torba tekniği, Ankara keçisi

I. Doç. Dr., A.Ü, Veteriner Fakültesi Hay,'an Besleme ve B~lenme Hastalıkları Ana-
bilim Dalı, Ankara

2 Doç. Dr., TAEK Lalahan Hayvan Sağlığı :"iükleer Araştırma Enstitusü

3 Vet. Hek., A,Ü. Veteriner Fakültesi Hayvan Besleme ve Beslenme Hastalıkları
Anabilim Dalı



MERCİMEK ÜRÜNLERİNİN RUMENDE YIKILABİLME ÖZELLİKLERİ 405

Summary: Rumm dl'gradahility oj dı)' matter (DAl), urganic mat-
ter (OM), nitrogen (vV), llC/ltral detergent Jibre (NDF) and acid detergent
Jibre (ADF) in "ariol/s lentil by-pradııcts (feed grade lmtil, good fjuality
lentil bra?ı,puor quality lentil bran) was estimatcd by in sita ııylon bag techııique.

Three mminally caıınıılateli Aıı,i;ora bucks weighiııg about 40 kg were
used. Thc..ywere /ed a gaod quality cllOppedgrass hay.

Tlze maıi:nıtlJl putmtial degradabi!i~y oj DM, OM, N, NDF and ADF
was higher in Jeed grade !ciltil tlzan othCls. Tlıe mmen potential degradation
values oj Dlvf in feed grade lentil, goud and poor fjuality lentil bran was 87.58,
67.55 and 51.85 %' Je.ıpe::til'e(y.

It is found that lentil l~y-prodııcts, esp::cially feed grade !enlil, had a
greater (znlO?lIzt~Lruminally solublc and degradahle N. It suggests that lenti!
~y-prodllcts mqy complcment lou; Jı/ con,:entralion roughages ~Y providing so-
luble and dı'gradahle N fot' /'imıen funetion.

Kry words : Lenlil l~)'-pmducts, in situ degradability, ııylon bag technique,
Aııgora buck

Introduction

The nylon-oag tcchniqut: proposcd by .0rskov ar:d McD.~nald
(9) for assessing the rumLn dcgra~ahiiity of nitrog~1l (N) in rumınant
feeds has bcen widely used for ('valuating mixed feeds(I2), forages
(6); grains and grail1 n~ixturcs (5) and varioııs protein rich SOUlTes
(3; iO). This method can also be applied to study the ruminal degra-
dation of dry matter (DM), orgaııic matter (OM) and fibre fni.ctions
), ll).

Af ter processing lentiI, 12-15 % of by -products are obtained.
;';utrient coııtent of by--products changes according to their hun con-
tent.

In developing countries, the majority of animals are maintained
soldy on lo\\' quality rouglıages O\'CT prolongcd periods. Based on the
observations of l'\egi ct aL.(6), the rUl1wn dcgradable nitrogen available
to a4.00 kg cov\' comıınıing :J kg of wlıcat or rice straw or grass hay
would be of the orderof 1'1. i, 1].8 and 9.8 g, re.;pectively. The 01'-
ganic matler ;11wlwat strav-', rice ~tra\V and grass hay wa:; 89, 82 and
92 % of D 1\1 and O M dcgraded in the rumcn would be 0.97, 1.43
and 1.0:-) kg, suggesting' a potential for mierobial nitrogen yicld of
29.1,42.9 and :)0.9 g, respcctively (6). When the available rumen
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dcgradablc nitrogcn is lo\\cr than the potential for conversion to
microbial nitrogen, protein supplemcntation is required to improve
the utilization of these roughages.

At present no published information about the degradability of
nutrietlts of lentil by-products in the rumen of Angora goats or other
ruminant< is availabk. Such information may be used for computing
a balanced ration. Thercforc the aim of this experiment \Vasto mea~ure
the rumen dcgradability of dry matter, crganic matter, nitrogen,
neutral-detergcnt fibre (NDF) and acid--detergent fibre (ADF) in
three type.,; of lentil hy--products.

Material and Methods

Feeds: Three types of kntil by-products were studied: feed
grade lentil, good quality lentil bran and poor quality lentil bran.

Chemical analyses: Proximate analy,es were performed according
to the Assoeiation of Official Analytical Chemists (I). The samples
were also analysed for NDF (4) and ADF (I 3).

In situ degradability: In situ degradability of each lentil by-
products was measured using the nylon bag technique of 0 rskov
and McDonald(9). Three mature Angora bucks weighing about
40 kg were used. The animals were fitted with permanent rumen can-
nulae. The animals were housed in individual pens and water was
freely available. They wcre fed a good quality ehopped hay (I i .20
% crude protein, 8.6 MJ metabolic energy ,: kg) ad libitum.

Nylon bags \HTe of the type deseribed by 0 rskov, Hoveıı and
Mould(8). Nylon bags (90x140 mm) with a pore size of 20-40[Lm
""Tre used. The samplc size was approximately 5 g and the material
\Vasground through a laboratory mill with a 3 mm screen. The samples
were incubated in the rumen of eaeh of three Angora bueks, with
incubation period s of 4, 8, 16, 24, 48, 72 and 96 h. On withdrawal
from the rumen, bags were vigorously shaken in a buekct of eold
water. Then the bags with eontents rinsed under running water until
the wash water is clcar. The bag material was cleaned by rubbing
between the finger and thumb. They wcre then dried to a constant
weight at 65°C for 48 h, allowed to air-equilibrate and then weighed.
The solubility or washing loss was determined by soaking samples
of.eaeh ma teri al in water at 37--39°C for 1 h followed by the washing
proeedure alıO\'c. Each measurement was carried out in dublicate.
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The DM, OM, N, ~DF and ADF contents were determined in
both incubated matcrial and residues (1,4, 13).

Cakulation of degradability characteristics of DM, OM, -N,
NDF and ADF: The DM degradability was caIculated after correct-
ing both incubated feeds and residues for residual moisture.

The degradability data obtained from Angora bucks for DM, OM,
N, NDF and ADF were interpolated with the first-order model of (9):
p = a + b (I -- c-Cl)
where: p is the actual degradation after time t, a is the rapidly soluble
or degradable fraction, b is the potentiaIly degradable (fermentable)
fraction, c is the constaııt rate of degradation of b, t is the time of deg-
radation.

Effective degradability of DM, OM, 1'\, ~DF and ADF was cal-
culated according to the equation of (9) :
Pe = a + (bc) / (c -1- k)
where: Pe is the effective degradation, k is the fractional ruminal out-
flow rate, and a, b and c are as defined above. A hypothetical fractional
ruminal outflow rate of 0.05 per h was used for estimation of effectiye
degradability (2).

Results
The chemicaI composition of the lentil by-products are shown in

Table I. The rumen degradability characteristics and effcctive degrada-
bilities of DM, OM, N, NDF and ADF are given in Table 2 and 3.
As seen in Table I, feed grade lentil was high in crude protein and
poor quality IentiI bran had high amounts of crude fibre due to the
high conten t of bran.

Table I. The ehemical composition of lenti! by-products, % (oil a dry matler basis)
Tablo I. Mercimek yan ürünlerinin kimyasal bileşimi, % (kuru maddede)

-------, --- i Good quality Poor qualiiy-
Nulrienl i Feed grade lentil i lentil bran lentil brani_.. .__ [ _

i Dry matler 90.36 91.07 90. LO
i Organic matler 95.84 94.42 95.62ı Crude protein 24.35 18.27 15.02
, Ether extracl i .72 0.58 i .09
Crude fibre 19.36 24.80 32.19

i ~itrogen free extra~t 50.41 50.77 47.32
i Neutral detergent fıbre 49.66 48.64 60.60
, Acid detcrgent fibre 31.88 36.43 48.06

The percentage disappearance of IentiI by-products form nylon
bags incubated in the rumen for DM, OM, N, NDE and ADF is
shown in Figu re I, 2 and 3.
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Table 2, The nımen dcgr;,.dability clıaracterisıics and effccıive degradabiliıics of dry matter,
orgaııie matler and nitrogen*

Tablo 2. Kuru madde, organik matlde ve azolun rumcnde yıkılabilme özeııikleri ve
eıkin yıkılauilirliklcri*

a, b, c are constanLS iıı th,' equaıion of p - a+ b (i_c-ct)
a+ b is the maxinllınl poteııtial degradability (asympıoıe, total potential)
P. is the effeetive degradability. Pc~ a+(be)/(c+k). (k=0.05/h).

31.+4
39.88
16.30

35.:)8
i 55.48

'1.7.51

24.00
23.99
17.02

30.IW
3l.GI
20.30 :.... _- _. __ ._._-

i vVaslıing-~-----a- i b : c (fraetinıı i a+ b ---; -R-esi(fu~ - P.

ı~os~ ~~;,) . _(~~_'ı:_.(~~»)__ :~er_~) __ I_~(:.)__I~:~~~)!__!_~~~__
i i • ,

24.28 32 ..ı7, 55.11. 0.0211 i 87.53 i 2.60 I' 48.8
2'L73 'W.08 : 27.47 i 0.01B3 ' 67.55 '1.80 47.5
17.20 17 ..12 i 34.13 O.0292 i 51. 8'i 0.9:)' 30. 1. i ii 'i5.GI; 0.0217 'i 1l7.1O 2.87 i 48.3

'i' 29.H 0.0165" 09.32 1.93, 47.2
; 3+.81 i 0.0304 i :,1.1 i 0.92 29.5

i 53.00 i 0.0555 ! 88.64 3.21 63.5
! 30.60' 0.0127 86.08 1.93 G1.7
,39.52 i 0.0353 67.03 1.57 43.9

Dry matter
Fecd gratlc !enıii
Good quality !enti! uran
Poor qualiıy !cnıil bran

Organic maltcr
Feed gratle lenıil
Goal! quality !entil bran
Poor quality !enlil uran

Nitrogen
Feed grade lentil
Good qııality !eıııi! bran
Poor qııaliıy lenıil uran

*.

Table 3. The rumen degradabiliıy characıeristics and effeetive degradabilities of neutral
detergent ribre and acid detergent fiure*

Tablo 3. l\ötral deterjan fiber ve asit deterjan fiberiıı rumende yıkılabilme ö7Cllikleri
ve etkin Y'lk'lLtbiİ~.ıikleri*

: : Washing--------,~----ı b • c (fraction i a+ u-iResid~~l- P.
i ! lass (%) - (%) i ('Yo) i per h) i ('Yo) i s.d. (%) , ('Yo)
!~eutrald~~;enı fibre-- --1----- -----1--- -------1------,-----1

,----

Feed grade lentil i 11.23 '9.G9/73.2;' 0.0181 82.94 i 3.52 : 29.2
Good quality lentil bran 21.22 20.94 31.41 0.0127 52.35 : 1.58 27.3
Poor quality lenıil br;111 4.42 2.43 'i 31.95 0.0372 34.38 i 1.86 16.1

Acid detergent fibre .1

Fced grade lentil 8.81: 6.72 i 74.94 0.0100 81.66 1.68 19.2
Good quality Icntil bran 7.89! 8.20! 26.14 0.0155 34.34 i 1.52 14.4
P~or~ualily lentil_~~~__ 3.00 ~--=O.~~J._~6. 74 0.0354 ~~'i~_l_ ı.65_~_

*. a, b, c are coııstants in Ihe cquation of P~ a+ b (i-c et)
a+ b is the maximum potential degradability (asynıptote, total potenlial)
P. İs the effectivc degradabiliıy, pe - 'l-j- (be) /(e+ k), (k= 0.05/h).

Discussion

The eq uatİon p = a -i- b (I _eo-eı) fitted the data well since
the residual standard deviatian most1y was proportionatcly less than
3.52 (Tablc 2 and 3).

Thnc were largc differcnccs İn \yashing loss and degradatİon
clıaractcrİstics bet\\'cen knıil by-proclucts.
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Dry matter disappearance from bags nol inserıcd inın ıhe rtımen
(washing loss) was 24.28 % for feed grade Icntil, 24.71 % for good
quality Ientil bran and 17.20 % for poor qu<ıliıy !enıiI bran.

Good quality !enlil bran had higher solubIc fracıion of DM,
OYı, N and ;'\DF ıhan that of oıhers. Thcse camtiluents from gond
quality !entil bran was more slowly digested inlo dispersible consıi-
tuents, as indicated by smaIler b fractions and their much slower ratc
of degradation and as sho\\n in Fig. 1, 2 and 3.

Poor quality !cntil bran had.a lower ruminal dcgradation of
DM, OM, N, NDF and ADF than did fecd grade lentil and good
quality lentil bran. Feed grade lcntiI had a low('f rııminaıc'legradation
of DM, OM, N, ~DF and ADF up lo 16 h incubation than did good
quality lentil bran. But after 16 h, the degradation increased higher
than that of good qııality !entil bran (Fig. 1-3) .
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Fig. 1. Dry matler disappearance of 1cnıil by-producıs incubaıcd in situ (observed values)
-o--: feed grade lenli!, ••: good quality lentil bran, + : poor quality lenıil bran
Şekil I. Mercimek yan ürünlerinin in situ kuru madde yıkılabilirlikleri (bulunan değerler).

-0- yemlik mercimek,": iyi kaliteli mercimek kepeği, -:- : kötü kaliteli mercimek
kepeği
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Fig. 2. The percentage disappearance of lentil by-products from nylon bags incubated
in the rumen (observed values) for organic matter (a), nitrogen (b)

-o--: feed grade lenıil, *: good qualiıy lentil bran, + : poor quality lentil bran
Şekil 2. Mercimek yan ürünlerindeki organik madde (a) ve azotun (b) rumende naylon
torba ile belirlenen yüzde yıkılabilirlik de~erleri (bulunan de~erler). -o-: yemlik mercimek,

*: iyi kaliteli mercimek kepeg-i, -;- : kötü kaliteli mercimek kepeği



(a)

9672484 8 16 24
Incubat10n time (h)

o
O

~ 40~
co
ı..
~ 30
pc
pc
III

~ 20
"d

~
~ 10

70,-------
6°1

,.... SO
"'<-......,

(b)
50

40

i3O~J
as 1:::.. ,._
Q) C~'.'."'.

.~ 20 ~~K~{;'..
•~ r-~',:.,-,:

"d

~
A
<

O
O 4 8 1ô 24

Incubatian time Ch)
48 72 96

Fig. 3. The percentage disappearance of lentil by-products from nylon bags incubated
in the rumen (observed values) for neutral detergent fibre (a), acid detergentfibre (b)

-o- :feed grade lentil, *: good quality lentil bran, + : poor quality lentil bran
Şekil 3. Mercimek yan ürünlerindeki nötral deterjan fiber (a) ve asit deterjan fiberin
(b) rumende naylon torba ile belirlenen yüzde yıkılabilirlik değerleri (bulunan değerler).
-0- : yemlik mercimek, *: iyi kaliteli mercimek kepeÇ:i, -:- : kötü kaliteli mercimek kepeÇ:i
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The runıcn maximum potcnıial degradation valıws of fecd grade
!entil, goocl quality !entil bran and poor quality lentil bran WCIT

87.58, G7.55 ancl :)].85 % for D~'!, 87.10, 69.32 anclS!.11 % for
OM, re:;pcctively. The effeetive dcgradahilities of D~1 in these lentil
by -produrts at the assumcd rumen ou (nOw ra tl' of O. 05/h \vrre 48.8,
47.:') and 30.1 %, respectivdy. Apparentlyas a ruminant feed, feecl
grade lcntil and good quality Icntil !ıran haCı highcr potcntial than
other.

The maximum potcntial degradability of N in feed grade lentil,
good guality Icntil !ıran ancl poor quality !enti! hran was 88.64',86.08
and 67.03 %, respectively. The rate constants for the degradation
of N in good quality lcntil bran \-vas 64 77 % lower than pour guality
lentil bran and feed grade knti!. The effı:etive degradability of N at a
rumen oııtflO\\' rate of O.OS/h in feed grade !enti!, good quality lentil
bnm ancl po or quality lentiI !ıran was 63.5, Gl. 7 and 43.9 %, f(',pee-
tively. it followed that the kıtil by -- prodllet:; eimtained a significant
solubk and degradable nitrogen to contributc to the requircmcnt of
rumen microorganisms. .\

The maximum potmtial degradalıility of NDF)n feed grade
lcntil, good guality lcntil bran ancl poor quality lentil bi-an,was faund
to be 82.94, 52.35 and :'):/.38 %, rcspectively. It was faund that
curves of 0JDF clisappearance for lcntil by - products was closely
paraııcl to the curvcs.of DM dis;ippearance. Varg and Hoov.er (14)
reported that eun'es of D:\1 and :\DF disappearance paraııeled each
other af ter approximately 4 h in situ for grain:; ann forages. '

The maximum potential dcgradabi!ity of ADF in fl'cd grade
lcntil, good quality lentil bran and poor qua!ity !entil bran \\:1S aı. 66,
34.34 and 26.98 %, rcspcetivdy. --..

Data obtained i.n this l'~:pcriment indicate that the pote:ntial
degradability of DI"!, Oj\L, N, N'DF and ADF was higher in feed
grade lentil than other,s.

In Turkey, the majority of animals are maintained mainıyon
law quality roughages especialIy cereal straw over prolanged periods.
In this case as the available runıcn degradablc nitrogen from these
roughages is m ııch lower than the potential for cemversion to micro-
bial nitrogen, the utilization of these law quality roughages is impro-
ved by supplcmentation with lentil by-products.
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