1 s Eoypt, J. Anim. Prod. 13, No, 2 pp. 131—140(1977;

Critical Study of the Associative JHRifect of
Direct and Indirsst ¥

eding ln Hetabolism
Trials with Sheep Using Flax Predusl, Clo-
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‘"E"'LLB assourative eifecl In o direct and ndirect [eeding trials as

well as the effect of the type of the basal ia

Aon e digestibiiiy

This study was a

and feeding value of feeds were investigated .

Five digestibility trials were porfommed wsingtwo  or four
Rahmany rams. The direet feeding included  three Teeds singly
fed (clover hay, baricy grains and flax product) and two mixtures
(Hax- product : clover hay and Hax- product : barley grains). The
two mixturcs were used for indivect feeding using lour cases
ol basal rations and tested ones.

Using clover hay as a basal ration, the feeding value of {iax
product  obtained by difference was distinetty lower than
that of the product when fed alone (19.7 against26. 5 VSh
A much lower fecding value of the product was observed {16 2%
Svy when barley was used as a basal ratien. yWhen the situation
was reversed by assuming flax product o be The basal ration, a
serjous reduction in the fesding value ofhay (28 against 34.9%;
Sy as well as that of barely  grains (30.3 against 80,99, 5Y)
gecurred.

I owas alao discovered that the bivlogicatl addition oi lwo feeds
ina mixlare woukd resultin a different response producing deviaied
feeding valac from *“Weighted means” calculated by mathematical
addition (assuming that the feeding valuc of the singte feed would
vemuin the same in theanizxture):  Thiy assumption iy biologicaliy
crronious.  Such behaviour would make us conclude thatadding
4 feed to another in a mixture a “Snutual  associative  coffect”
oUeurs. :

continuation to previous work in this Department (Animal

Nutsition Section) on the extent of the associative effect, digestion trials

with ruminants including the type of  the basal ration

in indirect feeding

(Abou-Raya et al., 1966,  Abd-El-Rahman, 1966 ; El-Seraly, 1968, Al-Refaal,
1972 and El-Talty, 1973). To realise more fully the extent of this effect, a
comparative study between results of indivect and divect  feeding with t.i{:c
came feeds was undertaken choosing three distinet feeds which could be f{ed
alone (directly) and indivectly - medium guality roughage (flax product), gool
quality ronghage (clover hay] and a concentrate feed (barley grains).
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Bl Y. OLSTALTLY AND A K. ABROU-RAYA

Asplund aud Harris, (1971) sct up an experiment with two varlable feeds
(alfalfa hay and dried bect pulp with molasses) and a mixture of them in equal
parts to produce the maximum associative effect. They also compared the
results of direct feeding of each feed singly fed with those obtained by differc-
nee making use of the mixture. [he observed feeding value of the mixture
and the majority of nutrient digestibilitics were higher than calculated (749 for
DM, 72% for GE44% for EL and 8295, for NFE against 739, 719%,-14%
and 809, respectively). They also found that the feeding value and digesti-
bilitics obtained by difference were more deviated from those ohtained [rom
direct feeding. Digestibilities with alfalta hay fed alone were 39% for OM,
5666 for GIi, 28% for BE, 799, 0f N, 52% for GF and 66% for NFE, again:t
619, 60%, 159, T1%, 51% and 719, respectively when calculated by diffe-
rence. Results with bect pulp were 86%, 859%,-57%, 639, 84% and 94%
against 8897, 87 -96%, 66, 87%, and 96%, respectively when directly
andindirvectly fed.

Meantime, a flax product is accumulated at the flax companies m Hgypt
alter scparating seeds including some ol the shives.  The palatability and the
feeding value of this product were necessary seeking a reduction of the cost of
roughages in feeding practice owing to the shortage and high price of wheat
sraw. Various flax products had been recorded in the literature with variable
crude protein (CP) content (2-13%) and crude fibre (CF) content (35-709)
according to the proportions of plant parts, capsule hulls, fibres and shives,
having a wide range of feeding value from 30 to 44%. Total Digestible Nutrie-
ats, TDN (Pott in Ghoneim 1964, Schueider, 1947 and Ministry of Agric, 1963).

Materiatr and Melhody

Five metabolism trials were sct up using the same duplicate Rabmany
rams (three yeats old, castrated) to determine the digestibilities, feeding valie
and N-balance, except with Trial 1 when two more rams werc used. Flax
plant-product (4%CP and 359, CT, dry mather basis) from Linum usiatissitmnun,
clover hay (Trifolium alexandrinum) sun cured, chopped and barley grams
(Hordewm valgare), coarsely ground, were used as single feeds (Tvials 1, 2
and 3) or combined in two feeds (Nax-product : hay, Trial 4, and flax-product:
Flax product was provided by Tanta Clompany for Flax and

barley Trial 5).
Jovernorate, after seed geparation including some shiver.

Oil, Gharbach €

r 5 served for triple purposes for determining the
first feed indirectly fed using the
d indircetly fed using the first
This will result
The prehi-

Tach of Trial 4 ©
digestibility and feeding value of either the
eecond feed as basal ration, or the second fee
as basal and thirdly the combined feed mixture directly fed.
cases of dircet feeding and four cases ol indircet [eeding.

into five
y a collection period ol seven days. Table

ININAry period was ten followed b
1 presents basic information about the trials.
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CRUMHAL BTUDY OF asgsOCEATIVG Brnom
Dy matter intake and ') dry matter of basal ration in dificrent digestion trials,

TABLE 1.

rial No. ! feed in trial : 'I‘{;l‘a;li“l“illii\; ;1;;)1‘»1'“" l)als?:fl L‘ijlll“t]::,“nlll:trll::i
\ l .|
| Direct feeding trivly |
i ‘ 2 T R S P S B @ R ! R62.0 | =3
2 Barley . . . . .« . v . | 437.2 | r—
3  Flax by-product . . . . ‘ 1153, 8 ‘ =
4 ‘ Hay: flax bp. {mixture) . | 879, 6 -
5 ‘ Rarley: flax b.p (mixture) ‘ Q0f,3 ‘ —
‘ Inlivect feeding mrials | |
4 () Hay (tested) . . . . . . I -?" 1 i 1.3
(/) Flax bop. (tested) . . . . . 341.5 48,
5 | (@ Flaxbpested) . . . . .| 639.1 29,0
i ‘ 262.2 71,0

I (H) Barely {fested)

The methods of the A.O.A.C. were used for the ordinary nutrient analyses
of dry matter (DM), CP, ether extract (EE), CT and ash. Nitrogen-free extract
(NFE) was determined by the difference method.  The feeding value was
recorded as TDN and starch value (SV).

Results and Discuss ion

Results (Table 2) indicate that the conventional analyses of the hay and
harley grains are within the range of nutrients of the same type ol feed, partic-
ularly Egyptian feeds having relatively high ash content. With [lax-product,
yesuits were within the range published by Pott  (in Ghoneim 1964) and!
Schneider,  (1947) with the majority ol nutrients. Ash was higher and

CP was lawer than published limits,

Results with direct [eeding using single feeds and their two component [eed
mixture

Results (Table 3) with flax fed alone showed that its feeding value was
06.4% SV and 47.4% TDN (on dry matter basis), being similar to medium
quality roughage but with relatively low digestible CP (1.3). Although the
protein level in the product was low, yet it was more palatable than wheat
straw to sheep when fed alone. In this connection Abou-Raya et al. ( 1966)
found that the intake of Egyptian wheat straw fed alone was very low (320-

LEgypt. [. Anim. Prod. 17, No., 2 (1977)
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376 g using two adult rams)., The intake here during the ad Hbitun {feeding

(¢he preliminary period with [lax product  in 2X 2X 1 m. fenced pen)
reached  11533.8 ¢ DM daily /fram  (being 60.7 ¢ 1 The  relative
miake (considering the standard 80 g) would be 759%. The intake was not
vee the animal  the encrgy requirements for maintenance, in addi-
tion the N-balance was slightly negative. Therefore. the flax product could

substitute well the wheat straw and still should be mixed with encrgy andd
zrotem supplementing feeds for maintenance and preduction.

e, toog

TA2LE 20 Naotritive anabysis of exserimental feeds (7)),

s - | : j
Clovers Doy |Bavlov graing Flax preduct [{(H:Fimixtere G mixture
Homn | 7,349, 10, 10%, o maoistare moisture
‘ maigiure mgisture | moisture 48,7 - 20 7L
? (H) (1) (F) 51.3%,
International feed | |
b ‘ | —31—340 | 408343 | 102036
Mutritive analvass i i
Astt, oo 0L L 13.00 | 239 1384 13.44 T B2
Crude prolen | . ‘ .15 2,710 5o 97 746 | G, 34
Hiher extract . | | T 18 1,897 | [ 38 1.85 1.70
Crude fibre | ‘ 23,10 8,00 15, db 3189 2L i
Nerfrpe exipact |, 47, 59 T4 64 4543 45.36 | 53.69

FoAnaieses expressed on dry (1007 dey malter) basis,

Results with clover hay (11.2%; CP and 28.1% CI on DM basis) indica-
ted that the feeding value was similar to that of medium quality of clover hay
in Egypt (Abou-Rava ef of,1969 including 60 trials), being 3499 SV, 52.1%
TN and 7.5% digestible crude protein, DOP. It was noticeable that the hay OV
digestibility was lower than that of flax product (47.6 against 37.7%), in spite
of the foct that hay contained lower CF content. This appeared to be duc to
differences in the physical nature and chemical composition of CI'.

With barley graing, results were within the published range (80.99% SV, 84.4
TON and 9.6DCP.) by Schneider,  (1947), Ministry Aeric., (1968); Abou-Rava,
{1967); Abd-Fl-Motagali, {1972), and Abeu-Raya and El-Talty (1976). The OF
cigestibility was very low (27.4%) most likely due to the high soluble carhohy-
drates content of the grains.  Although the obtained feeding value with barley
grains when fed alone was high, it was observed that at the end of the collee-
tiel period, faecal material became soft as a sign Lo start glacking.

Fawtt, 1o Awim. Pred! 17, No. 2 1677



TARBLE. 3. Comparative study on the effect of divect 2nd indirect leedirg on digestibility and feeding yalue of feeds,

Dirvecr feeding
tems | _ _ (B8 F)
Flax Iizy | Barley 299+ 1Y,
() O & 4 (B) | =
m ! _ Expt _ Cnlen. =y By | (F) (T}
=
2 RN — | - {- _ | = S
ﬂn _ _ _
W No.af trial i _ 2 3 4 3 4 | 5 4 3
HN\ Nuts.digestibility |
7 _ |
= OM, . . . 34,0 2 1,69 58,3 82,7 51.6 56.1 546 ha 4 | 492 7 56.0 45.2 41.1
|

= 5 N 32,4 + 3,80 67.4 | 79.2 | 511 | 57.2 | 416 | 8.4 7 8.2 | 600 g 8.2
b :
z EE ., .. 39,2 =+ 2.18 53.2 | 8.6  66.0 7 47.1 | 814 | 4oz | s64 | i62.5  82.4 | 87.5
e ' AT:6 + 3.8 9.9 | 214 | 9.7 | 434 | 118 | as ﬁ 6.0 | 6:0 | 237 16.3
= | 6.4 = 1.28 6.0 1 9.6 665 | 65.1 | 233 | 73.6 | 78 | 99.2 7 641 66.C
2 _ 7 _
Tt |
z | | | |
@ _ |

sy W 3 26,4 + 1,27 4.9 80.9 27.1 30.8 | 37y 422 5.0 30.3 7 19,7 6.2

1.29 52,1 | 844 | 462 | 49.7 | 506 | 581 | 45.2 | s34 | 4es | 37.1
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The ohserved feeding value and nutrients digestibilities of the feed mixtures
in Trial 4 and 5, by direct feeding were examined, Comparison was made in
cach mixture with calculated figures as o weighted mean by a knowledge of the
proportion of each feed in the mixture and its data when fed alone (direct feed-
ing) assuming no change in digestibiliti-s or feeding value after mixing with the

other feed [Table 3 and Histogram 1),

BQ

70 FFLAX PRODUCT
o
TR0 7
i a
N ]
Ly o]

S an [ ‘.

5 | ik : |

4l NN |
| |

1~L' | | | | ‘ | Nlrl U IIJ

Diirect feeding Indirect fecding

Historram L Divset and indireet oeding value of feods

Tt was found that the calculated weighted mean differed from that ex-
perimentally obtained.  The observed figures with T @ T mixture were notice-
abley lower in feeding value (27.1against 30.59% SV) and OM digestibility
(51.6 against 56.1) and distinctly low with CF digestibility . On the other
hand those withCP were distinetly lower (311 against 57.2) and slightly higher
with NI'E (66.5 against 63.1) but EE digestibility was distinctly higher (66
against 47.1).  This means that combining H and F in the mixture has a vari-
able extent of depressing or increasing effect on nutrient digestibility, Le. varying
in sign and magnitude according to the nutrietn. The overall result hag a
depressing effect on the feeding value.

Tn the case of T : B mixture, the effect of the combination was clearer pro-
ducing distinet decrease with ON digestibility (54.6 against 634} and a very
sharp decrease in (he ease of CT (11.9 versus 45.7) and NFE (23.3 versus 73.6%
A digtinet decrease ocemrved with CP (47.6 versus 58.4) but very sharp increase
with BE (814 versus 49.2). The resultant was a distinet decrease in the feed-

ing value (37.9 versus 42.296 SV).

Foypt. [, Anim. Prod. 17, No, 2 (1977)



CRITIOAL STUDY OF ASSOCIATIVE EFFRECT 13/

From the previous results, it was clear that relying on the feeding value ot
single feeds directly fed to caleulate the leeding value of a combination ol -
tures from such feeds would result in a serious error. The bioiogical addition
ol two feeds in the mixture would result in a different response producing feeding
value deviating from “‘weighted means” calculated by mathematical addition
(supposing that the feeding value of the single feed would remain the saine iu
the mixture). The deviation in biological addition is due to a certain associa-
tive eflect which may decrease or increase the digestibility of a certam nutrient.
In other words a negative or positive associative effect might occur. his waill
lead us to think of each nutrient alone ; the specilic associative ellect ol G
digestibility might vary in sign-as well as in magnitude from that of the CL.
Asplund and Harris, (1971) conciuded that the magnitude ol the associative
cifeet was relatively small and might be of minor importance compared to other
sources of error and variation in the assessment of the value of feeds. 'I'his
conclusion must be ristricted to the studied case because our vesults indicate
yreat differences and great effect of the associative cffect giving greatly different
{igures which are more than could be gnored and excecding the experimental
crror in the digestion trials.

Such behaviour would make us to conclude that adding fecd A with feed
5 in a mixture a “mutual associative effect’” occurs, feed ve. feed A introduces an
offect on B and wice wersa xresulting into decreasing or increasing effect 1u
digestibility having variable inteasity according to the nutrient in question. I
other words one cannot assume that the digestibility of a certain nutricat in
feed. A would remain the same when feed B is added to A. The same would
be with the nutrient in B, its digestibility changes by mixing fecd A to B.

This comparison of direct feeding in feed mixtures as well as single leed
clarified to us the doubtfulness in the principle of determing the digesubilitis
calrified to us the doubtfulness in the principle of determing the digestibilities
of tested ration via application of a basal ration, .. the so called “the differcnce
method” (indirect feeding). Assuming that the digestibilities ol nutrients in
the basal ration to remain the same when adding the tested ration appearcd not
io rely on sound physiological basis.

To clarify this, carcful critical study is presented on the effect of “indirect
feeding” not only on digestibility of nutrients in the tested ration but also on
the basal ration (considering the rcverse situation).

Resulis with tested ration fed along with basal ration using the indirect feciing

When hay was taken as a basal ration in Trial 4, the feeding value of Hax
product obtained by difference, was distinctly lower than that of the product
when fed alone (19.7 against 26.4% SV). A distinct decrease in the digestibi-
lity of OM, CP and CF, occurred while a distinet increase occurred with {hat
of BF, and slight increase in the case of NFE. Tt was clear that assuming that
hay nutrient digestibilitics remained as obtained when hay was led alone i

Egypt. J. Avim. Prod. 17, No. 2 (1977)
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'i'rial 2, would make the “mutual associative effect” (already proved to be pre-
sent) to be charged on the expense of nutrient digestibility in flax-product, this
would result in an “apparent” distinct decrease in flax-product feeding valus,

The same argument could be discussed with {lax product when using
barley as basal ration (Trial 15). But here “the mutual associative ctlect appea-
red to be greater and to the negative side resulting in a great Jowering effect on
OM, CP and CF digestibility and a much lower feeding value (16.2 against
264% SV). The type of the basal ration decidedly affect the digestibility results
obtained by the “dilference method.”

Reversing the situation in I'rial 4 and 5, assuming [lax-product to be the
bagal ration to calculate digestibilities of the tested rations, hay and then barley
graing, it was clear that a serious reduction in the hay feeding value (28 against
34.99 SV) as well as that of barley grains (50.3 against 80.9% 5V) occurred.
The two feeds singly fed had much higher feeding value. This apparent reduc-
tion when using the basal ration resulted without doubt from assuming the
same digestibility of nutrients of the “flax-product” in the two cases : fed alone
or being used as a basal ration. The “mutual associative cffect” between hay
and flax-product or flax-product and barley grains in two component feed
mixture outlined .in the previous discussion with direct feeding, would be char-
ged against the tested ration when following the indirect feeding principle. Fol-
lowing this principle appeared to lead to faulty determination ol digestibilitics
and [eeding value of the tested ration beside producing “Impossible digestibilities”
such as over-100 figures.

More logically, it seems that the nutrient digestibilities of the feed A when
fed alone cannot remain the same when mixed with another feed B. The re-
verse appeared to be true, B digestibilities when fed alone would be altered when
added to feed A.  The concept of “muntual associative effect™ among feeds when
mixed should start to be accepted. A mean for determing the extent of such
“associative effect” on each single feed in the mixture, should be searched for.
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