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ABSTRACT

The nutritive value of brewers' spent grains (BSG) and two commercial
poultry feeds produced try Arewa and Pfizer companies and the effect of
feeding sodium metabisulphite-treated (1%) feed to day-old pullets have
been investigated.

The feed mashes were found to contain inadequate levels of a number
of amino acids some of which are essential for birds.

The BSG was found to be fairly rich in essential amino acids but it
alone could not support the growth of starter pullets while 25% BSG
added to Pfizer chick mash when fed to starter pullets, resulted in
significant (P < 0.05) growth retardation and increased mortality rate.
However, a similar addition to Pfizer growers mash had no detrimental

effect on the chicks.

Addition of sodium metabisulphite to the wet BS5 (3,000 ppm)
enhanced the keeping quality of the BSG.
Feeding day-old pullets with Arewa diet containing 1% sodium metabisulphite
for 8 weeks did not have any significant effect on digestibility and feed
consumption but resulted in gradual growth retardation without abnormal
histological changes in the liver, kidneys and spleen.

Blending the grain size of Arewa feed to fine particles resulted
in a marked retardation in growth of and the amount of the feed

consumed by the day-old chicks.



INTRODUCH 10H

Protein-calorie nmalnutrition is 2 glebal nutritional problen,
especially in lhe developing countrien of the world, where'd'majority of
the peoyple are poor and cannci alford ic feed on adequate amounts of
wotein-rich dicts due to the high cost placed on them (19, 58, 83).
Thizs problem of malnutrition is furbher aggravated by the ever-rising
population in these areas of the world without 2 corresponding increase
in food preduction.

1f this trend continues unchecked for the next decade, the problem
might apgune an alarming proporiicon. There are, however, two alternative
solutions to¢ this problem., fThe first alternative could involve & duliherate
inhibvition of population growth =0 as to mateh the available rood
regources, Yhis may be achieved through proper birth control systen.
With the improvement in nediesal care #nd genoral hygiene, mortality
figures are fast falling. The present public attitude to family planning
in these areas of the world and the falling wortality rate are likely io
make the success of this method very remotle or near impossible., the
second alternative is to increuse food yroducticn fe match the inereasing
demand for focd, This alternative is more likely Yo succeed wut needs
careful planning. |

1t is theraefore not an overstatement 4o assert that food, an item
which man unconditionaily needs to mpaintain life, determines his
survival. Human civilization therefore demands the production of a wide

variety of food in large quantities to ;o reund the entire population.



This necessitstes thé immediate cmplificaiicn of the food production
machinery.
although starvation i8 still plaguing some parts of the world today,
inadeyuate intske of protein in the diot is no doubt more widespraad,
This is because the prodeinerich foods are usuazlly expensive (73).
The people within the leoa~income group are Lorcei to foed more on Foods
rich in carbohydrates but deficient in proweins and vitamins (6). ‘this
implies that this group of people, dlithough act starving, are feeding on
unbalanced diets. In the light of this, a bold step towards the production
of high quulity protein foods at roasonably cheap rates that are compatible
with the purchasing power of the peoplc would e # well placed priocrity.
Although animals ultimately depend on the food uonufactured by green
plants (48, 83), animel proteirs are superior to plant proteins (24, 36,
73). ‘“he productivity of the aniuals (chicken, cottle etc.) which serve
as the sources of high quality protein feor man i® directly affected wy
the quulity and gquantity of the foeds given to tham (22)., Of these animals,
roultry animalyg are the fastest and possibly the nost{ efficient converter
of the plunt proteins to animal proteins (43)., Well-fod chickens start
layineg after about 22 wecks of age while well fed broilers are wsually
ready [or consuupiion after 12 weeks. Poullry requires a top quatlity
well balanced diet — an oasily digest{ible fead which contains the reguired
Protein, energy, vitaming, ninernl eleuwents and all the othur ingredicuts

necessary for the full expression of the genetic potential of the birds,

By



In Wigeria, one of the greatest limitaticons to the expansion of
poultry industry is the high cost of the standard commercial feeding
stuffs (3), 7his problem has either driven away many people from poultry
tusiness or provented them from starting at 2ll. The few successful
poultry farmers are foreod Wy the high coat of production o sell their
producys at prices which many people cannot &fford, thereby rezerving
these products for only the rich. Gocinl justicz demends thut this state
of affair e eliminated within the shortest possible period. a4 need there—
fore arises for the immediate searci into the possible ways of obtaining
maximum produciion in poultry with winimwm expenditure, so that the
products can e sold at relatively low pricss compatible with what most
pecple can afford. This objective may be aelileved by producing and fecding
the birds with relatively cheaper feeds of comparable nutritional gualityr
with the existing expensive commercial pouliry feods whose pricus are
perpetually sky-rocketting. The introducticn of such & cheap but efficient
feed into poultry industry will go & long way te encourage many nore farmers
%0 enter intoc the business,

This forms the hasis for the decision 1o embark on this groject. In
thiz study, the possibility of including urewers spent grains in poultey
feeds ag well as the level tolermted lwy chiclwen have becn investigated.
Brewers upent grain is the insoluble residue »~btained after filtering the
wort in the brewing process, 4Yhis by-product of the wer industry is

pregently being wasted or not properly uiilised in Nigeria.



If by poseible fortilication or supplementation, this ty -produet can he
converted into & poultry feed, we would then have taken a giant step
towards reducing the cost of production which will ultimately lead to a
fall in the selling price of the products, ‘he nutritive value of two
standard commercial fecds made by Pfizer and srewa companies have also
been assessed in this study. Vhile PLizZer reeds Coupany is a subsidiary
of the international parent Pfizer Company, the srewa Fued Company iz a
local foed proceszing comdany located in saria,

Another factor which can limit the expansion of poultry industry wmay
be the losses resulting from microbial contuination of the feeds and
poultry products with viable pathpgenie bacteriaz or toxic products of
microorganisgs ., Contamination may result in louses in the following waya.
(;L) . It moy result in discunses leading to increased mortality for the

| chioks: %

(ii) Growth and development of chicks nay e retarded,

(iii) 1t may csuse a decline in production.

(iv)  Yood poisoning may rosult if contaminated yroducta are consumed
by man and thig will subsequently leald tc the rejection or black-
listing of the mwreducta and pay z2lsc akiract the fury of the Food
and Drugy Adminigtiration authority or the food legislating bodies,
In the light of the problems enmmserzted above, the search for an

effective method of preventing microbisl growth in the feed could not e

a misplaced priority. Various agents such ag irradiation, application of

heat and chemjicals have been enployed in the proservaiion of foods,



The use of irradiation is not promising herc as the feed bags presentliy
being wed do not prevent recontamination aftcr the feed might have been
rendered sterile Wy irradiation. The wse of heat is wnsuitable as certain
components of the teeds rnuoy o destroyed YW heat., Secondly, the problem
of recontamination is also thero,

4 chemical antimicrobial agent which hos been classified as a safe
food additive by the FAD and WHO may well turn out to Yo the moat
suitable weapon against the microorganisms and other harmful organisms.
The potiibility of employing sodiwun metabisulphite, one of the szafe food
additives {55, %6) and its toxic effect on the chicks if uny have also

been investisated in this gtudy.



LITERATUKE REVIuY

The disparity between the needs of an increacing glehal population
and decreusing food resources poses one of the most intractable probleuws
mankind has ever faced. Infact, nutritional probhlems appear to e the
hecviest socio-econoric problems facing the tnird world today, Minding
solutions tc these problems is a tasl of stuggering proportions and is
indeed one of the most difficult assignuents which nature has given to
man (11, 64, 87).

Of the nutritional problems, protein-calorie malnutrition (%) and
possibly, disorders resulting from vitamin deficiency arc the most
prominent and most complex, Clinical consequences of ma2lnutrion such as
morasmus, lwashiorlor and varioug vitamin deficiency problems among
children in the tropics have been reporie. 'y Mefie (62). The acute
shortage of protein in the world, especiully in developing ccuatries,
including Migeria, has even stimulated rencarches directed at increasing
food production bty recovering protein from pl2ant waterials which are aot
normally considered for food (3%0). Oke (59) also reported on the need for
a new source of proteins to meet the increusing demand. 1t has been
reported by Oke (70, 71) that protein extracl of some leafy vegetibles
contain good quality proteins which may be of value in preventing protedf n—
calorie malnutrition, Chibnall, Ress and Lug:; (15) have zlso reported on
the nutritive value of mrotein extr-ct irom the leaves of several plancs,
“he fact that sorghum, a staple food in Northern Nigeria (38), cussava

and cassava products widely eaten among the Southern Nigerians (68) are
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poor sources of protein has becn of major concern to the government. The
intake of animal protein which would have supplemented tiiis deficiency
has been very low among Migeriun peasants (5).

However, it is not likely anything positive can be achieved unless
definate steps are taken to increase the production of essential food
items at such a rate that would cause a significant fall in the market
prices of these itcws. The problem is further cxacerbated by the
population thati is growing rapidly at &« rate of about three percent per
annum (50, 71). Seing the impending danger, the former Federal Military
Government of Nigeria launched the 'Operation Fecd the Nation' in 1976
followed by the 'Green RevOlution Programwe' of the present Presidential
Government launched in 1979, both of which aim at increasing food
production.

Poultry, apart from being an efficient converter of fead to valuable
animal producis, such as meat and eggs, hes the advantage of being rearcd
in a small space in the back-yard of a building. Poultry products can
play a very important role in human nutrition. Like other weats, poultry
is valuable for its protein and it is also 4 good source of iron and
phosphorus. The eggs contain mineral elements such as calcium, phosphorus
and iron and a number of vitamina (22).

However, the quality of the feed fed io the animals is the keynote to
successful poultry kecping (22). Because of the importance of fecds, any
attempt aimed at boosting pcultry production must start with the feeds,
The feed cost accounts for about two-thirds of the total cost of production

on the average commercial poultry farm (22),



In Nigeria various poultry feeds (ueshes) are sold commercially in
various grain sizes. It is not yet clear wheth.r the grain size of the
mash has any significant influence on the nuirition of the chicks,

Moot ¢f these feuzds contuin the following imsredients in varying proporie-
ions: corn, wheat middlings, fish meal, groundnut cake, palm kernel ctlw,
rowvers yeast, bone meal, oyster shell, salt, vitamin premix and nineral
precix, Sometimes small doses of antibiotic and antioxidant are added,
Data on the nutritive quality of these fecds are scanty, if not non-
existent. For any meaningful progress to " wade in improving poultry
industry in Nigeria such data wust be obtiined ty subjecting these products
to natritive assussment tesis, Un the Lasis of such data, the companies
producing the feeds could be advised to improve on nutrients thot are
inadequate and reduce those that are in excess, thereby naking their
products balanced for the poultry.

1ln assessing whether or not an essenticl nutrient is present in
adequate amounts, its level is usually compared with the level rocomuended
by the Hational Research Council (MRC) of the National Academy of Sciences,
washington D.C. (66) given in tables 1C and 19 (sce appendix). <Yhese
values have been accepted almost internationally.

Chicks fed with diets which arc grossly deficient in these essential
nutrients have always developed deficiency problens which, in acute cases,
have resulted in the death of many chicks. ‘Ihe common problems associated
with the deficiency or overdosc of the mejor classes of nutricnts are

discussed below.



frotein.
Protein is required for the formation of new protoplasm, If deticient

in the diet, growth is significantly retarded or may even stop. Iu

sevore coges there will be loss of wediaght ~:lue t¢ withdrawal of protein from
certain less vital tissues fo maintain tie functions of the more vital

ones (24). A minimum of 20 percent protein is required in the diet of
starter chicks (45, 46}, However, il it just not enough to have 20 percent
protein in the diet but it must be able fo meel the arino acid requirewents
of the chicks, which inturn depends un the aminco acid composition of tho
protein, its digestibility and the availability of the amino acids to the
aninals (39). Ideally, only cleven amino acids are essential for poultry,
these include arginine, glyecine, histidine, isoleucine, leucine, lysine,
methionine, phenylalanine, threonine, tryptophan and valinc (24, 65).
Howevor, chicks can synthesize glycine but {his does not proceed at a

rate sufficient to meet the requireuents for maximunm growth (65).

Milet and Feutherson (63) have reported that chicks fed with a diex
supplemented with the liniting anino acid of the diet grew morc rapidly
and efficiently and excreied less uric acid Tthan the chicks fed with
unsupplenented dict even though the Jevels of crude proteins were
indentical in both case3. Poultry starier feeds based on ceredls such as
corn and wheat require lysine supplementation with a component thut is
rich in lysine (16).
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Nitrogen—free extract and crude fibre.

Carbohydrate is used ty the body an the source of enerry, Any excess
may be stored in the body or incorpeorited into egeg yolk as fat (25, 44),
It has been reported by Jonsen, Chanpg and wWyott (52) that fat aceunulation
in the liver of hens is influenced by ihe carbohyirate source, Carbohydrate
is not wiually lacking in mout feeds especiully when the major component
of the feeds is derived ifrom cereul prains, agd os such apecial attention
needs not be deveted to the total carbohydrate content of the fued,
However, the lovel of crude fibtre in the diet is very important as crude
fibre is poourly digested Ly poultry, MWMoreover, & high crude fibre content
in the diet makes other nutrients less availablue (2'7) A high ecrude
fibre level has been repeorted to interfere with availability of amino
acide in mon and monogustric animale bty Ramhotra, Fepburn and Bradley (79).

Although chicks can tolerate diets with cerude fitre contunt betwoen
8 and 9 perecent without haraful effect® on mortality, rote of growth, foed
consunption, age of pmaturity and production, the general opinion amongst
pPoultry exports and feed manufacturers is Llha. fibtwe content of the
ration should e kopi kelow 7 percent.

Current views in the medical Ticeld lhold that the deplotion of fibre
in modern weotern diets may W responsibhle for some metabolic diseuses
that are common in the western world bui rarely found in Africa {12, 21,
80) ouch diseuses include diverticular diseaics of the colon (74),
constipation, adenonatous polyps of the colon, cuncer of the colon and
rectun {12) and hiatus hernia (13). However, it is aot known whether

these apply to poultry.
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Lipid

This serves as the source of energy and heat in the body and of fat
in the body and egg yolk, Fat constitute. about 20 percent of the entire
weight of an average size hen, 2bout 10 percent of the whole egg and about
32 percent of the egy yolk (26). 1t has been reported that large propori-
ions or fgi in the fued vay retrd digestior and upset the normcl metabolisn
of the other nutrients (26). koreover, fecds which contain larg: amounts
of fat, especially unsaturated fatty acide, are 4pt to become rancid in
hot wheather (26, 44), a condition which rdshit be injurious to poultry.
Consequently, large amounts of fat sre always avoided in aniual feeding.
The desired goal is to have just thuit quantily hat weele the requiremenis
for essential fatty acids and the reguiremenis [or the transportation of
the fat-soluble vitamina. a fut content of U percent and above is not
recommended in poultry feeds (26).
Mineral elements

Minerals constitute about 3 = 4 percent of the life weight of the
Towl and about 10 percent of whole egg (28). the functions of mineral
elements include maintenince of osmotic prussure and surface tension in
various fluids of the body, regulation of M of blood ond tissue fluids
and control of irritability. MKinerals arc also integral parts of living
protoplasm and form & greater part of bones, Iron anl copper are
essential components of haemoglebin, tiic oxygen = carrying pigmeni of
bleod.

The following elements are required in poultry nutrition at the
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levels apecified by MRC (66): sodiww, potassium, caleiwa, phosphorus,
nugnesiwn, wanganese, iodine, copper, iron, zinc and selenium, However,
a8 good ration uude up of natural feeding 2tulls i8 likely to » deficient
only in aodiun chloride, caleium, phosphorus {44} and possilbly in potassiwmn
and magnesiug to the e:rtent that will require zpecial addition.

Provigion of excess ocnounty of nminsrsl elewmeants is both uneconomical
and detrimental to the normal development und productiion of chickena,
The deficiency and toxicity problems oassovidted with the wineral elements
have boon well doownented (44).

Vituming aud gther couponents,

About 13 vitaning arc required in poultry nutrition (66). Vitamins
are not uwsually present in adequaie amoyntes in rations foruuluted from
natural feedstuffte, Az such, vitewin fortification is usually carried
out by ndding adeguate amounts of commercial vitanin premix, It is
importent that a nargin of safety to conpensate for possible lossca of
vitaming during feed procesging, transporutaticn and storage e added above
the normil reguirement, Uhe vitumin deficicncy problems froguently
oncountered in poultry have been well docuwcznuted (44, 66},

Sone other components that wore not normally included in poultxry
rations ure now currenty added, followin: the digcovery that they could
play beneficinl roles., The addition of antioxidunt® is known to provent
oxidative rancidity (26) while the addition of & small amount of
antibiotic is known to stimulate growth (44, 92) and to favour more voonomic

feed-gonverdion (54). Water ic egsential for poultry nutrition and should
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normally be fed ad libitum.

Inclusion of hrewers' spent grains in poultry feeds.

Although high crude protein values ¢of between 20 and 28 percont have
been reported for dried Lrewers' spent grains (18, 29), sufficient information
i not available as regards the level of spent svuins that can be
tolerated Ly poultry in their diets. On the basis of the high crude protoin
content, one would expect it to serve as a2 goed protein supplement for
poultry if the protein i of good gqualigy, well digested and the amino
acids so produced ore readily available to the animals, Ademosun (3) has
reported that not mere than 10 percent of spent grains cobtoined from the
"Wost African Breweries Limited, abeokuta' should be incorporated in
starter chicke diet., However, since the couposition of the spent grains
depondc on the starting raw materials and the adjuncts present during the
rewing operations, a valiuo eStablished for the product of one brewery nay
not be spplicable to the products of other hreweries., 1t therefore follows
that meaningful recommendations can only be nade to feed nanufacturers

with respect to the particulur lrewery whoss products is to be used, )

R JToxicological evaluation of wmetabisulphite - trecied feed.

| It is Just not enough to produce abundant amcunts of the fred but
the feed mus{ o Bafeguarded agains% microbial contanination and subsecquent
biodcterioration. Microbial contemination of the feed or pouliry product:;
is of public health significance gince the causative agents of discases
such as anthrax, salmonellesis, hrucellosia tubsrculosis and many others

u

are easily traensnitted botween mon and animal (47).
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Sulphur dioxide is widely used in foods and drinks ag an antiocwidant,
antinicrobial and antitrowning agents (33, 51, 55, 67, 89, 90). Uho
sulphur dicxide is uwsually introduced into foods in the form of sodiuw or
potasgiun metabisulphite, bisulphite and sulpuite (33). HMetabisulphite
has the advantage of teing a cheap but eflicient antimicrobicl ugent and
ite wse in the preservation of fruits, vescidables, wine, beer, vinegar,
gupars, minced and fresh sausages and pectin soluticns has long heen
recognised. letabisulphite levels egquivaleni to 100ng of sulphur diloxide
per kg to 2000mg per kg of the food are ing used in praciice (55).

The antimicrobial action of sulphite or metovisulphite is both pH (60)
and moisturs (2) dependent.

In view of the mwromising future for wetabiswulphite in the field of
food preserv.ition, it is pertinent that ils interaction with vital organs
and proceogsed in the body of the organisn conswiing the food be well
understood., Few researches have been cuarcicd out with different organisun
in this regerd. Lockett and Matoff (59) hove yeporied that feeding of
sodiwn netabvisulphite, 750 ppm as 802 in the drinking water of rats
through three generations had no effect on growth, food intake and {luid
output in foeces, fertility and weight of newwborn., 14 also did not
increade the frequency with which tumours develoyaed,

Til, Feron and DeGroot (89); Til, Fewon, Delroot and Van der Wal
(90) have respectively reported on rats ifed with diets confaining 0 to 2
percent sodium netabisulphito for a4 period of 2 years over three

generations and on pigs fed similar levels of netabisulphite for 15 to 48
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weaks, IPigs fed with 0.83 percent level of zodium metabisulphite and
above showed progressive growth retardation. At the 1.72 percent level,
there was lose of appeititc and marked reduction in food consunption and
growth, ©There were however, no distinct histological chunges in tha liver
and lkidneys but inflapmatory and hyperplastic changes were reported to
have occurred in the siomach.

A seventeen kg body weight dog fed wiih 3g of sodiua sulphite daily
by stomach intubation for 23 duys showed no abrormalities on autopsy (55) .
A rabbit given 3¢ of sodium sulphite daily by stomcreh intubation for 185
days showed loss of weight but all organs were normal at post mortem (55).
Thismin dostruction has been reported (5%, 89, 90)}. Ac such, addition of
metubisulphlite to feods not rich in thiamin 4ds undesirable except allowances
are nade for the anticipated lossea.

Although aveilable data seem to suggest that reasonable levels of
metabisulphite are tolerate:d by these animols that have been teated,
hothing hag been reported on the metabisulphite itolerance of poultry.
sulphite is actively oxidized to sulphate in the liver and eliminated from
the body in the urine and faeces (7, 32, %3, ©6). |

It hop bean reported that sulphite ions re:act. with o variety of
pyrimidine bases (40, 41, 42, 84). Shapiro, Uohen and sorvis (85) have
reported on the possible genetic hagard of sulphwr dioxide and bisulphite
to living organisms. However, researches into the genetic effect of
sulphur dioxide and related compouds on livine organisms are utill in
their rudimentary stages and therefore opinions held on their possible

mutagenic hazard nay well be termed speculative at the woment.
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MATERIALS JND METHODS

Sauple collection and initinl processing.

Samples of the trewers' spent graing, the malt sweeping and the
brewers' yeast were all obtained fron the North Brewery, Kano, Nigeria, The
sampleg of spent graing which wore collectod hot and wet are usually discharge
with steam into the waste tonk. 45 a result of the high moisture content
(about 75% by weight), after cooling, the spent grains arc usually
gusceptible to contornination with microorganisns, This has beon one of
the factors limiting the wide usage of spent grains in poultry feed
supplenents, |

All the samples collected were first dried at 6000 for 24 hours and
then at 80°¢ to constant weight or the desired moisture content (about
10f for the sanmples of spent grains uscd for animal feeding). .48 it wos
noticed that the spent grains could not keep its gquality for nore than two
days unleso the moisture content was significantly reduced orfend an
antinicrobial agent wags added, the dryiny wags storted the very day the
sanples were collected from the brewery, .

The addition of 3,000 pm sodiun netabisulphite (equ.ivalent to about
8,520 ppu whon dried to the meisture content of 10.21%) mrevented spoilage
cven when the sample was naintained wet {or 3 —~ 5 days. Howevor, this
does not inply a total destruction of nicroorgnnismns but that it sinply
onhanced the stabilily and keeping quality of the spent grains. In the
case of the samplus of spent grains usocd for animal foeding experiment, the
noisture content was only reduced to about 10~ instead of complete drying

and no petabisulphite was added, At the end of the drying period, the
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samples were blended in a Warin; blender (type 211.2.00), and stored in
clean feed bayrs.

The mzlt sweeping and the YWwewers' yeas. vere obtained dry from the
brewery aad were noi subjected to further dryixng <nd grinding process,

The commercial arewa feeds were bouoht from the Arewa agricultural
Entermrices Linited Zaria, a local feed milling factory while the Pfizor
feeas were obtained fron Komson Agro-dervices (rig) Asencies Zaria,
Nigeria, dealers in Pfizer fieds, drugs and equipuents, Pfizer iecds
Linited, which processes and markcts Plizer feeds is 2 subsidiary of
Pfizor Products International,

Sawpling jrocedure.

The representative sample for a particular bag of the commerciul
feeds way obtained ly taking numerous smzll (15 - 20g) samples from difforent
points in the bag into a large crucible, These were then mixed thoroughly,
ground into very fine powder, nnd storeu in cleun storage bottles,

The representative sample for o« particular conmercial feed group,
for exauple Arewa feed, was obtained by takin:; swall samples from three
different bags of the feed into a clean coniziner. The nixture was then
ground into fine powder after thorough nixin;. This was stored in clean
storage bottles for use in subsequent analysis.

In the case of the lrewers' spent grains, the representative sample

was obtained by selecting numerous snall sauples from the bulk and

mixing thoroughly.
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Determination of moisture content (4c).

¥rinciple. This i= ap indircet distillation and dnvolves the neuswrorent
of the weight loas due to the cvaporation of water from the food material
at a tomperature of 80°C. The method, which reasures the 'froe' water and
to a less extont, the 'bound' water, gives accurade results when considered
on & conparative basis, Less of volatile oils and dsconposition of sone
sugars that were likely to occur 2t high temperoivurve would not occur to
any significant extont at the fepporature of 80°C thut was applied in this
investigition.
Procedure., . clean poreelain ¢rucibdle was ignited at 100°¢ for %0 ninutos,
cu0ld to roon demperaturce in a dediccator and weighed. . lmown weight
(3 - 53) of the sanple was taken into the erucible, thinly spread, and
dricd to 4 constant weight in an oven maintained a4t o tenperaturc of 80°C.
.Phe crucible with its contents was renoved inte a dosiccator, cocled to
- roon tenmperature, and the weight was recorded. This procedure was
repeated with five nore sunples,

In the cage of the brewers' spent groing, the sanples were ucistensd
;; with toluene o inhibit ferwentontion during drying and first dried for 24
hours in an ovoen naintained at 60°C, aftor this, the tenperature of the
oven was inerecased to BOOC, and the samples were dried further to consitant
welghts which were then recorded,

The weight loss in each case represented the weight of the noisture
mesent in the sample. The percentigs moisturce wie cunputed from the

following exprcssion.

Percentoge moisture = Loss in weight on drying x 100,
Initial weipht of sample
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Dotermination of ash content (75)

Principle. The ash of a feedstuff is the inorganic residue remaining
after the organic matter has been burnt away. In the determinsition, a
known weight of the dry feed wis ignited in @ muffle furnace at 6000{:. The
organic matter was then burnt off leaving btehind the ash which was cooled
in a desiccator aml weighed, T[he percentage ash was then enlculated from
the following expres=ion.

Percentage ash = Wt. of the resulting ash x 100

wt. of sample taken

Frocedure. 4 clezn poreelain crucible was ignited at 100°¢ for 3C minutes,
cooled in a desiccator and weighed.

About 2.5 to 3.5 of the feed were accurately weiglwd into the crucible
and ignited in a muffle furnace at 60000 for 24 howrs. at the end of the
24 hours when the organic matter was burnc up, the cruecible containing the
resultingagh was taken into a desiceator, cooled to roow temperature and
weighed, The weight of the ash was then culculated, Five otlher trials
were treated in the same way as above,

Determination of crude protein content.

The semi-micro kjcldahl methed was used (79).
Princ;‘ ple. The erude protein content of a particular sample is the figure
obtained usually by multiplying the nt.trog;\:-n content by the faector of
6.25. oometimes the factor could vary depending on the percentage of
ni trogen that is known to be present in the protein of the sample.

The method involves the conversion of the nitro;enous components of the




20

feed to ammonium sulphate hy digesting witli concentrated sulphuric acid,

Ammonic gas is distilled from the apmoniuws sulyphate by heating with 40

sodiun hydroxide solution, trapped into 24 boric acid solution and titrated

with stundard acid sclution, The nitrogen contont, hunce the crude proiein
content is then estimated,

I"i;, nust e noted that this method apswos that 21l the nitrogen comes

from preotein and that a1l proteins contain 16 nifregon oxeept whers a deonvorsion

factor other than €.25 18 wsed.

Calculation
NH40H + HOl — 2% NIACL + 1,0
Imole of HCL E Inole HH3
. Iom® of 0,0 HO1= 0, 14ng N,

Totnl Frotein = Nitrogen x 6.25
Reugents.
Catalyst wixture (96% anhydrous sodiun sulphabe, 3.5% cupric sulphate and
0.5 selenium dioxide).
Sodiun hydroxide solution, 405 (w/v),
Stondard hydrochloric acid solution, 0,01k,
Concentrated aulphuric acid
Boric acid solution, b (w/v).
Serened methyl red indicator, containing 0.016p (w/v) me thyl red plug
0.08% {w/v) brouocresol green in ethanol,
Procedure, About 0.5g of the well ground powder of the sample was

accurately weighed into a digesation flask containing 4g of the catalysi

v
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mixture and o fow graing of anti-bunping granules, Ten nl of concentrated
sulphuric acid was added gently te the flask and aet up in the digestion
rack in the fume cupbourd. The flas! was hedated pently for one hour to
avoid charring and then it was heated strongliy until a clear solution
was obtained, 1l heating was continued for 4 hours aflter obinining a
clear solution, At the end of the digesiion, the flusk with its contents
'wa-'s';:ooler:l to roon temperature, 5 nl of digtilled water was added and then
the contents were poured gently into a 100 ml volumetric flask, The
digestion Flask was rinsed three tiues witi: 2 m]l portions of distilled
water jnto the volumetric flask and thoe voluue wuas wade up to the mark
with distilled watsr.

 Ten ml of the digest was pipetted into the Markham distillation apparetus,
10 ml of the 40% aodiun hydroxide solution was added, and the mizturo was
distilled inte 10 ml of the boric acid solution cont@ining three drops of
the gcrened methyl red indicator. After %U al of the distillate had hecn
collected, it was titrated with the 0.01H hydrochloriec acid. Five other
determinations und the blank were carricd oul as above, obtaining thrae

titre values for each digest.

Determination of crude petroleun ether extract or lipid (4d).

Principle., The lipid is extracted exhaustively with a sultable lipid
extractive solvent. %The solvent is then distilled off and the weight of
the resulting lipid sstimated, -

Percentage lipid = Wi, of lipid exiract x 100,

wt, of the sorple



Reagent

Petroleum ether (b.p. 60 - 80%%),

Procedure. 4bout 5g cf the dry powdered feed was weighed accurately into
dry fat-free thimbles,

To cach of s8ix 500 nl round-bottomed di=tillation flasks which had been
previously weighed with a few grains of anti-buuiping granules wus added
300 mi of petroleun ether, The soxhlcl cxtractors containing the thinbieo
with the feed were thoen fitted unto the round-votiowed flasks, aeating wag
increased pgradually until the solvent started boiling, The extraction was
continued for O hours.

A% the end of the extraction, the pelcclew eidher was distilied off
on the rlash rotaury evaporator attached .o a Licoig condenser. The flasls
with the extracted lipid were then dried for 2 hours in @n oven maintained &%
50°C  to remove the lust traces of etrolew: ether, ‘The flasks were ihen
cooled in & desiccator and the weights were recorded, The increase in the
weight of each flask represented the wei it of tho lipid extracted in the
resjectiive cases,

Deternination of crude filre content (4D),

Principle. The crude fibre represent: the organic couponents that remain
after the removal of crude protein, crude lipid and nitrogon--frec extract.
1t is made up mainly of cellulose and lignin and is resistant to hot

1.25% (w/v) sulphuric «@cid and hot 1.25% (w/v) sodium hydroxide (27), nenee
the loss in weight on ignition after usuccessive hydrolysis with these two

solutions represents the crude fibre content,
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Wi, loss on fgmition after

Pe;-centage crude fibre = acid. and alkali hydreolysis x 100
| T W, of mauplc takeon

Reagsents .,
Petroleun ether {b.p. 6O - BOQC).
Sulphurie acid, 1,25% (w/v).
Sodium hydroxids soluiion, 1.2%- (w/v).
5% ethanol.
Pretroated ashestos:- asbestos was heated at 500 Cfor 15 houwrs ia a
muffle furnace, then boiled with 1.25% sulphuric acid for 30 minutes,

filtered and washed thoroughly with distilled water., The asbeztos wus

then boiled with 1.25» gcodium lydroxide golution for 30 minutes, filteored,

washed once with 1.25% sulphuric acid and then washed thoroughly with

distilled water. It was then dried and ignited at 600°¢ for 2 howrs.

Procedurs. About 2 — 4.5g of the dried powdered sample was extracted

with petrolewun ether for 8 hours. The resulting sample was then itransferred

quantitatively into a 500 nl round-bottomed flask fitted with a condenser,

To this were added a few grains of anti-bumping granules, 1g of the

mratreated asbestos, and 200 ml of boiling 1,254 sulphuric acid. The

flagk was then bolled for exactly 30 minutes with an electiric heating

mantls, and the contents were then {iltered hot to isolate the residue,

The residue was washed with four 50 nl poriions of boiling distilled
water and then boiled with 200 ml of 1.2%% sodium hydroxide solution as

above, f1he content of the flask was then filtered hot, wushed with the

o L ,h.
. oo
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" sulphuric acid, then three 50 nl portions of distilled water and finally
with ethancl.
the anti-bumping grunule grains were removed, the residue was dried °%
' 130% ° for 2 hours and then coolad in a desiccator and later weighed,
The residue wag then ignited for 2 hours 2t GOOWL covled and reweighed.
The blank determination was wmade by healiing g of the pretrected
2abestos with acid and 231kali 23 in the deternination. any loss in
woight was subiracted from the logs in weight of the sanmple on ignition.
Damrminayg on of carbohydrates {m;ggr;%‘g;gde fibre) or nitrogen—free
extract (81).

The nitrogen-free exiruct was estimnted by Jdifference obtained aftexr

the subtraction of total c¢rude protein, lipid, ashk and crude filre from
_ the tetal dry matter,

If, for example, the percentage:

dry natter = 4
crude protein = b
ash = e
lipid = d
crude fibre = e

' Then the percentage nitrogen-free extruct = a - (b +c+d+e).

T
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Anino =meid analysis

Prineiple. The working principle of an amino acid analyser is baged on

an elution chromntography from buffercd columns of ion - exchange resin,
The separaticn of the amino acids largely depends on their pka values and
to some extent on the affinity of the side chaius for the resin (94).

The separated amino acide are auvtomatically reacted Wwith niphydrin
reagent and a purple or yellow colour ie developed ty passage through a
ceil heated in a water bath. The atsorbance of the resulting efflucnt

ig measured with a colorimeter at £70 nn for nll the amino acids excent
proline and hydroxyproline which are neaswred at 440 mu and plotted on a
girip of chart recorder, The ares under each peak gives an estimate of
the quantity of each anino acid present,

The identification of each amino acid is possible, since, under controlled
conditions the positicn of ewergence of ¢uach amino eeid is constant (the
elution time is characteristic of each anino acid).

| ~ There are usually two ion-exchange columns - a short column for +he
analysis of beasic amino acids and a long: coluwnn for the acidic and neutral
amino acids,

Preparation of acid hydrolyecte.

Reagents.
Standard pydrochloric acid, (&), saturated with nitrogen gus.

Sample buffer (citrate buffer, pH 2.2).

Procedure. To 100 mg of the finely ground feed in the hydrolysis ampoule

was added 10 uml of the 6M hydrochleric acid,
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The contents of the ampoule were solidified in liquid nitrogen <4nd the
ampoule was rendered air-ti.nt and sealed, 4 duplicate preparation was
made as above, then thz ampoules were kept for 24 hours in an oven,
thermnos tatically controlled at 110% %1%,

The ampoules were then removed frow Lhe oven, cooled to room
temparature and carefully opened with & glass cutter, The hydrochloric
acid was rewmoved in vacuvo from the hydrolyente nixture wsing the Flash
rotary evaporator ut 500‘3- Tvo 3 il portions of discilled water were added
to the mixture and subscquently evaporated io rinse excess of the acid.
The hydrolysate was then rediscolved in 10 1l of the sauple buffer.

Calitwation of the analyscr and the estinition of amino acids.

The Technicon autornatic amino acid antlyscer (‘L'echnicon Inatruments
Co. Ltd,) was used for the analysis,
The analyser was caliarated by applving 2 stondard mixtuwre of amine acide
(supplied by the Technicon 1nstrumenis Co, Lid) containing a known anount
(0.25 micromoles) of each amino acid to the column.
The concentration of each amino acid present w.s indicated by the
integrited area under the peak representing it on the chromatograu,
ihe arca of each peak was inte:gpated in ter.. of its obsorption values
and multiplied by its width in terms of the ploiicd points at the half
peak height.

The concentration of each amino acid present in the hydrolysate was
determined by comparing the inteyrated area wder its peak with that of

the corresponding standard with known concentration.



Leternination of tryptophan

although the hydrolysis with constant boiling @Y hydrochloric acid
has the advantage of giving the best recoveries for most amino acids as
well as the advantage of the acid leing sasily removed at the end of
the hydrolysis, it is not without problens. The most serious disadvantage
of hydrolysing a protein with 6M constan. boiling hydrochloriec acid is
the destruction of iryptophan (20, 61, 78).

Several other methods such as the spectrophotometric procedure of
Goodwin and Morton {37), the dye binding colorinetric method of Barman
and Koshland (8) and more recently, the alkaline hydrolytic method of
Blackbum (10) using M barium hydroxide and the enzyuic lpcr'onasc—) hydrolytic
method of Oyeleke (72) have been used for the deteruination of tryptophoxn.

The alkaline hydrolytic mcthod of slackburn (10) was adepted in this
study and tryptophan in tie hydrolysate vas detcrmined by the ferric
chloride reagent method.

Prparation of the alkaline hydrolysate (10).

Heasents,

Bariws hydroxide, Ba (OH) o+ G0,
liydrochloric acid, 6M.

Sodium sulphate solution, 1M,

Procedure. About 250 mg portions of the finely ground feced samples were
accurately weighed into dry hydrolysis ampoules and 4.73 g of finely
ground barium hydroxide powder was added to each ampoule whioh was then

treated with 5 ml of hot distilled water. This quantity of barium
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hydroxide is equivalent to 5 ml of M Ba(OH}Z. L’H20 which could not be
prepared as barium hydreoxide is not very soluble in water.

The awpoules wer: carefully sealed under nitrogen and kept for 24 hours
in an oven thermostatically maintained at 110%¢ I 1©, occationally shaking
the ampoules to distribute the contents uniformly. At the end of the 24
hours, the ampoules were allowed Lo cool, curofully opened with a glass
outter and the contents of cach werc neutralised with 5 ul of 6M HCL,
This was then transferred into 1 clean ceatrifuse tube and treoated with
sodiun sulphate solution which was added dropwise until all the barium
ions wer: precipitated. The suspension was then centrifuged at 3,000
r.p.m. for 15 minuts on a Gallcnkump bench ceatrifuge.

The supernatant was further treated with 2 drop of scdiun sulphate
solution to test-proof the cbsence of bariun ioas in solution and the
solution then carefully poured into a 20 nl veoluwetric flask, The residue
was washed three tines with 2 ml portiuns of distilled water, centrifuned
and it was added to the flask. 7The voluwne was [inally made up to the mark,
Duplicate hydrolyses were carcied out fcr ¢ ch sample. The amount of
tryptophan in each flask was determined spectro hotometrically at 420 nm
on Sp 6 - 400 uv spectrophotone ter.
bestimation of tryptophean by the ferric chloride rcagent ume thod.

The method of Horacic and lynn (49) us deseribed by Oyekele (72) was

adapted.
Principle. The princijple iz based on the reuction of the indole ring of

tryptophan with the ferric chloride to produce 2 colour, the intensity of
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which is weasured spectrophotowetrically at 420 nm,

Reagents.

Ferric chloride reagentwm. Lxactly 270 wg of forric chloride hexahydrate

was dissolved in 0.5 ul of distilled water then tranaferred into a 1

litre volumetric flask and made to voluwm: with glacial acetie acid,

squal volures ol this solutiocu and concentrited sulphuric acid were mixed

oneg to twe hours lefore usc.,

Stock solution of tryptophan and working siundard samples: stock solution

contuined 1 ag/mi.

De termination: Working staundard tryptophan golutions of concentrations

2.5 mg, L«0 ng, 7.5 ng, 10.0 ng and 15.0 mg per 100 ml were preparcd frow

the stock tryptophan solution and used for prevaring the calibration curve.
To 1 ml of each standard tryptophan scluvion mentioned above, 4 ml

of ferric chloride reagent wus added. [he mixture was shaken vigorously

and the colour was developed by incubating for 15 minutes in a water tath

at 6500. The test tubes were then cooled to reom temperature and the

absorbances were measured at 420 nm with 3p 6 - 400 u.v. spectrophctone tor,
In the case of the experimental samples, 1,0 1l of the hydrolysate,

was treated with 4 ml of the ferric chloridc reagent, uixed vigorously

end the mixt'we was in cubited for 15 minutes in a water bath at 6500

for colour development, After cooling to room temperature, the

absorbance was peasured at 420 nn., The concentration of tryptophan in

the hydrolysates was estimated from the calibration curve.



De ternination of some mineral clements,

- —

Vet ashing. Although the ashing of feed samiles ot a relatively low ignition
temperuture such as 55000, mininises the decompogition of ash
constituents or loss by volatilization, wicn the absolute values of
alkali and alkaline earth metals arc required it i2 not the method of
choice as the chlorides of these clenenis ave slowly volatilized (5’,:‘,.
et ashing method which has the advantiage of awiating difficulties
resulting from the leoss of volatile conctiivenis and the slow solution
of the residue after ashing is therefore preferred (57, 76).

Reagents.

¥Yerchloric acid (70 - 725, w/v).

Concentroted niiric acid.

Concenitrated sulphuric acid,

Yrocedure. 4 kmown weight (2g) of the feed was accurately weighed into
each anjeldahl digestion flask, To this were .adided 15ml of concentrated
nitric acid, Sul of concentrated sulphuric acid and 10ul of perchloric
acid. The flasks werc set up in duplicais for each feed sample,

The flasks were heated gently to boiling in & fume cupboard, fThe heating
was continucd until all the orgenic materials had been oxidized and a
colourlesas solution wes obtained,

éach flask was then allovwed to cool and the digest was filtered into

a 100ml velumetric flask, The digesition flask and the filter paper werc
thoroughly washed into the filtrate wiih deicnized water and the volune

was made up to 100 ml.
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Suitable dilutions of the perchloric acid digest were made for the
deternination of sodium ard potassium vith the flame photometer and
also for the determination of e2Xiwiand magnesium with the atomic
absorption spectrophotone ler, The solutions meant for the determination
of enlciun and magnesium were treated with 0.2 and 0.1% (w/v) lanthanum
chloride respectively. Lanthomun chleride uhich-is o'releasing agent
depresses interference fron cther elerents (96).

All the solutions werc stored in polythene bottlea,
Detergination of Sodiun and potassiwn by flane photometry.

The method of Vogel (91) was adaepted.

Principle. The principle is based on the fact that excitation of atoms
of a metal in a flame gives rise to emission of a characteristic colour.
The excitation is obtained by sprayirs & solution of the substance into
a flame and the concentration of the eleweni present is determined fronm
the intensity of the radiation emitbed, The region of the spectrum
appropriate to the element being deteruined is selected by reaps of a
suitable optical filter,

Reagents,

Stock sodiun solution (1,000 ppm Na"'): Thie was prepared by dissolving
2.542g of dry sodiunm chloride in deionizod water and diluting to 1 litre,
Stock potassium solution (1,000 ppn K'): 1t Was prepared gy dissolving
1.909; of potassium chloride in deionized water and diluting to 1 litre,

The stock solutions were stored in polythene bottles,




32

Procedure., The following working standard solutions of sodium and potassium
(2, 4, 6, 8 and 10 ppm) were preparcd from thoir reapective stock solutions.

The standard and the sample solutions were rfin on the Eel flame
photome ter with the correct filter in position and the percentage
emission recorded for each solution. Tie concentration of sodium and
potassiunm in each sample was estimated from the calilration curve
constructed from the rosults of the standard solutions. The amount of
sodium or potassium in the sample wus calculated in the following way.
Suppose the concentrzation read frou the calibration curve and converted
to mg per ml of digest was 'x' and the diluvion factor and the weight
of sample taken were 'D' and 'y' g respectively, then the amount of
sodium or potassium in mz/100g of sample.

= 190 Dx

¥

Determination of calcium and mwagnesium Yy atomic absorption spec trophotome try

The standard method of the association of Official Analytical

Chemists, 4.0.4.C. (4a) was followed.

Principle. The vapour of an element which contains free aloms absorbs
light having wavelengths as that which the atoms of this element arc
capable of emitting. When light of this wavelength passes through a
flame containing a cloud of free atoms of the respective element, the
intensity of the light is diminished due to absorption. The measured
decrease in intensity of the light is proportional to the concentration

of the atoms in the flame having the corresponding wavelength which in
4
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turn is proportional to the concentration of the atoms in the solution.
Reagents.
Stock caleiun solution (1,000 ppm Caz+) « This was prepared by dissolving
2.49/g of oven—dried calcium carbonate in 25 ml of 1M hydrochloric acid
before diluting to 1 liire with deionized water,
Stock wagnesiuz solution (1,000 ppm H32+). I; was prepared ty dissolving
1.000g of magnesiwa wetal in 50 ml of 5M hydrochloric acid. Excess
acid was renoved from the solution by evaporating it in & water bath
maintained at 80°C. The container was washed sever 1l times with
deionized water and the wash poured into a 1 litre volumetric flask
then finally diluted to the wark with deionizecd water.,
The stock svlutions were stored in polyihenc bottleas,
Procedure. Six working stundard arleiwi solutions of concentrations 0.0,
2.0, 4.0, 6.0, 8,0 4nd 10.0 ppn Ca2+, each containing 0.2 (w/v)
lanthanun chloride were prepared froa Lo stock caleiun solutions. Six
working magnesiun standards of concentrations 0.0, 0.2, 0.4, 0.6, 0.8 and
1.0 ppm l'if;2+, each containing 0.1% (w/v) lanthanum chloride were also
prepared from the stock magnesjiwe solution.

the ateorbance valucs of the standard orloin solutions and samples
were peaswred at o wavelength of 423nm on the Pye waican Sp 1900
atondioc absorptien spectrophotometer while magnesium was determined at
285 nn, The calibration curve for cach set of determination was plotted
and used for determining the amount of calcium and magnesium present in
the samples.
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Deterination of phosphorus (4€).

Principle. The determination is a colorimetric method based on the reaction
of molyhdovanadate with inorganic phosphorus tc form a pink-ccloured
complex, phosphomolybdovanadate which is wmeasured at 400 nm,

Reagenis.

Holybdovanadate reagent: 40g of ammonium molyhdate tetrahydrate was
dissolved in 400 ml of hot distilled water and then cooled. Two g of
ammoniun metavanadate was dissolved in 250 ml of hot distilled water and
then cooled, To the metavanadate solution, 313 ml of 6Q¢ (w/v) perchloric
acid was added. The molybdate solution was gradually added to the

me tavanadate salution with constant stirring and the solution was

diluted to 2 litres.

Stock @tandard phosphorus solution (2 mr P/al): Yhis was prepered by
dissolving 8.78¢ g of potassiun dihydropen phosphate (xazvo4) in distilled
water and diluting to 1 litre.

Procedure. 4 known weignt (2g) of the somple was ashed in a muffle
furnace at 600°C until the sawple became carbon-free. 'the ash was cocled
and washed into a 250 ml beaker with 40 ml oi concentrated hydrochloric
acid in several small portions. To this was added 1.5 ml of concentrated
nitric acid and heated to boiling, then cooled and filtered into & 250

ml volunetric flask, The volume was made up with distilled water, Ten
ml of this solution was treated with 20 ml of the palybdovanadate reagent,
and the mixtwre was diluted to 100 ml with distilled water. The

absorbance of this solution was neasured at 400 nn against the blank,
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Phosphorus working standard solution (0.1 mg P/al) was prepared by
diluting 50 ml of the stock solution to 1 liire.
4liquote of the working standard scolution contrining 0.5, 0.8, 1.C and
1.2 me of phosphorus were transferred into 100 nl volunetric flasks and
each was treated with 20 nl of molybdovanadate resngent and the mixture
was then diluted to volume, A blanl: solution containing 20 ml of
oolybdovanadate reagent but no phosphorus was also prepared as above,
The atsorbunce at 400 nm was road afer 10 minutes on 8p 6 « 400 u.v.
spectrophotometer., A calilbration curve was ihen plotted and the amount
of phosphorus in the samples determincd,
Determination of phytic acid content.

The method of Wheeler and Ferrel (93) was adapted.
Principle. The phytate is extracted from a !mown quantity of finely
ground dry sample with 30¢ (w/v) trichlorcacetic acid (TCA) solution and
precipitated as the iron salt (iron phytin/. 7The jrecipitated iron is

then determined colorimetrically and the puytate content calculated

using the constant 45‘03+z 6F molecular ratio in the precipitate.
Reagents,
Trichloroacetric acid (IC4), 30k (w/v) wnd % (w/v) solutions.

o rer ml of 3 TCA.

Iron (I11I) chloride solution, 2 mg Fe
Sodium hydroxide solution, (1.51).
Hitric acid solution, (3.2M),
Potassium thiocyanate solution, (1.5M)

Iron (III) nitrate hexahydrate solution, (250 mg/litre).
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Procedure, 4 known weight (2g) of finely ground sample was extracted with
50 ml of 30 TCA for 45 minutes with consiant swirling on the Gallenkanp
Orbital Incubator. The sample was then cenfrifuged at 3,000 r.p.m, for
10 minutes, Exactly 20 ml portion of the supernaiant was transferred into
a 40 nl centrifuge tube and treated with 4 ml of Yerric Chloride solution.
The tube was then heated in boiling water for 45 minutes, cooled to room
temperature, centrifuged for 15 minutes at 3,000 r.p.m. and the supernatant
was decanted. The precipitate was washed twice by dispersing well in
25 nl of ® TCA and heating it in boiling water bath for 10 minutes. It
was then cooled and centrifuged., The precipitate was washed in distilled
water, dispersed in 2 ml of distilled water and 3 wl of the sodium
hydroxide solution, and then the volume was made up to 30 ml with distilled
water. This was boiled for 30 minutes and filtered hot quantitatively.
The resulting precipitate was then washed with 60 = 70 ml of hot distilled
water and dissolved in 40 ml of hot 3.2 nitric acid., The voluwe was
made up to 100 ml in a 100 ml voluwetric flask, #ive ml portions of this
solution were transferred into 100 ml volumetric flasks and the volume
was made up to approximately, 70 ml with distilled water (se. by adding
65ml of water). The contents of the flasks were then diluted to 100 ml
with the 1.5H potassium thiocyanate solution and the absorbance wasg
read at 480 nu within one minute on the sp 6 - 400 u.v. spectropho tome ter.
Suitable quantities of the 25 mge Iron (111) nitrate solution
contaning 0.04 to 0.32 mg of iron were dispensed into eight 100 ul
volume tric flasks, To each flask were added, 2 ml of the 3.2M nitric



acid and 65 nl of distilled water and the volume was made up to the mark
with 1.5M potassium thiocyanate, The absorbance was read within one
minute at a wavelength of 480 nm, A ocalibration curve was plotted and <he
amount of iron precipitoted was calculated Tor each sample,

Calculations.

Phytic acid content in sumple {'a' mg) .
is given by the expgression -

a = 660. ng of iron x 2.5 x 20
4 x 56
.-: Porcentage phytic acid = a x 100.

. o 2000

Deternination of the pH of the feeds {1). -'-'-I_;._j--

Procedurg. Finely ground dried samples (10g) wore éuspended in 90 nl of

distilled water, This was subjected to thorough blending in a Wardng
blender and the pl of the decanted supernstant was neasured inmediate ly
with Corning pl-meter which had been calibrated with standard buffers
of H 4, 7 and 9. Triplicate determinations were carried out for each
sample., S o »ﬁg &

h
Microbial couut of the feed.

Procedure. %o 90 ml of sterile 1.0% (w/v) peptons water (Difco) was
added 10g of the feed and ahalen constantly for 45 minutes a4 100 r.p.m.
on the Gallenkamp orbital incubator, then allowed to settle and the
supernatant was decanted. Three successive decinmal serial dilutions

{1/10) of the supernatant were made with sterile 1.0fv psptone water and

A
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plated out iﬁ tfiplicaté 6n:sterile plﬂte.count agar (PC4, Difco} by the
pour plate method, . | S
In this procedure, 0.1 ml of the diludicns waed fransferred into the
sterile PCﬁ.gaaar.thut hiad been cooled Lo obout 4000) W means of a
sterile pipette. Two sterile blank agar plotes, which were not inoculazed
were also includeq to acertiin absence of contanination from the iaculator
during tﬁe iﬁcubation ﬁefiod;
‘“he plates were then incubated at 3000 for 2 daya, At the end of
the incubtation period, the nunler of colouy-forming unite (CFU) on each
plate was recorded and the total micreidal count was calculated as
colony-forming units per g of the feed (U¥U/g of feed), lio attenpt was
made to indentify the fungi or bacteriz precent on the plates, Where growth
was ohteerved in thc sterile blank egar plates (indicating contamination)
the whole set of resull was regarded az ynreliable and diecarded.
Osmophilic moulds (woulds capable of growing even in high osmotic
environment) count was determined by plaiing the serial dilutions
prepared as above on MY - 40 agar (Z: malt extract, 0.5 yeast extract,
4(v Bucrose, and 2 bacto-agar, Difco)., All the other stope were the same

ag above.

Biclomical assay,

Although the nutrient compeoaition as well as the apinc acid
couposition of a feed gives useful inforualion about the quality of the
feed, the extent to which these may e utilised or are available to

animals when fed in the diets is not shown by such data (31).
. L e o ..&:,':‘_._ . S I .



Biological sasessment of the nutritive valuc of a feed through
aminal fecding experiment is thererfore essential for obtaining full
information on the biclogical quality of the feed,

Management of the chicks.

One hundred and thirty day-old Varren Wweed of lLeghorn layor chicks
with mean body weight of 35.68 t 1.33 g werc obtained from Arewa
Agricultwral BEnterprices Limited, Larin.

The chicks woere randomly assigned to six groups. The firét four groups
contained 25 chicks por group while groups five and $ix contained 15
chicks each, Each group was assigned a large woodun cage covered on the
top with a wire mesh, The coges were kept in the animal housce of the
Faculty of Pharmaccutiecal Scicences, ghmadu Beolle University Zaria,
Nigeria, The design of the animal house was psuch that temperature
fluctuation was reduced tc a minimum if the door was constantly kept
cloged, | _ ‘
, Warnth was supplied to the cages by ﬁoam of & 100 wafha alectric
..:lamp insatalled in such locations as to give o cage temperature of

51°C T 2° for the first three weeks of 1ifs. After this, the 100 watts
lamps were replaced with 6Q watts eloctric lamps giving cage tenperaturcs
of 26°¢ L 2°, Thic was done up to the sixth week of life and the chicks
were Jeft at the tomperature of the animal house (25°¢ £ 3°) throughout
the subsoguent period.

The chicks in group 1 werc fed with the commercial Arewa poultry fead

e : . L - R
oa N . . Y
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while those in group 2 were fed with the commercial Pfizer poultry

feed. Those in group 3 were started on the brewers' spent grains to which
1% (by weight) of brewers' dried ycast hal beon added, However, this

diet was replaced with a diet ccnsisting of 25% brewers' spent grains and
75% (by weight) of Pfizer fecd on the fifth day o8 it was obsorved that
the chicks did not like or cculd not nake usc of the spent grains, This
becare cvident from the finding that only a snmall anount of the feed was
consuned and some parts of the little eaten were found intact in the
faoeces., A high nortality rate was also recorded within the short period,

The chicks in group 4 were initially fod with spent grains to which
Zb nalt sweeping and 1% (by weight) of brewers' dried yeast had been
added but also this diet had to e replaced on the fifth day with a diet
consisting of 2% spent grains, 2 malt sweeping and 75% (by weight) of
Pfizer feced, This was because the spent grain-based diet was found to be
nutritionally inadcquate formd unacceptable to the chicks.

The chicks in group 5 were fed with ircwa feed to which 1% (by
weight) of sodiun retabisulphitc had bocn added, The netabisulphite was
ground into very finc powder beforc nixing with the feod.

Group 6 chicks wore fod with Arcwa focd whosc grain sizes had beon
reduced by blending. This was done only during the period the chick
mash wes fed.

In all the groups, the chick pash was only fed either wholly or
incorporated into the diet during the first B weeks of life, after which

it was replaced with growers nnsh,




Food And water were fod ad ibitun te all the groups, So antibiotic was
added to the drinking woter, 1he feclers were thoroughly ciadned andliha
drinking contoiners vere thoroupghly washed gveXry orning tu nininise
contandnation.

Deterrination of fond consunpiion, Protein cfficicney rutic, Feod

efficicney ratic and apparent digestibility.

To detoriuine the food consunpticn, 4 known veight of excoss food
wng gupplied to the chicks and the food Jolc over was ecollecied every
gornin,: between 8.00 a.n. and 9.00 2.z, Contandnsnts such as fuathors
wore reooved ond the food was then dricd 2nd weighed. This weicht wos
then subfracted from the weight of feod suppliel to ohtain the weight
of fuod conswned,

fhe foeces were collecied every mornin:, dried in on oven at GOOC,
cooled to room teuperatufe and tien weighed and stored, These peasurenenis
were nade for U weeks and the nesn was c¢zleulated for each week. The
totol nitrogen voided in the fusces between the second weok and the
gixth weel of life of the chicks wis deterained ly the Kjeldahl's
rethod. The firat twe weeks of life was left cut ag this was the
acclinitization period.

Calculations of the protein efficiency raiic (PuR), the Feed
efficiency ratio (FHR) and apperent digistibility were done as follows:

The protein effieciency ratio,

PER = Gain in life weight
Total protein consuned _(N x 6.25).
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The fead officiency ratio,

FBR = Weight of feed consuwged o 0
Gain in li¥e wéight of the chicks. '

P

The apparent ligestibility using crude nitrogen s the index,

= Total nitrogen consuued - Total nitrogen voided dn fagces x 100

Total nitrogen consume:d by the chick

Deteridnotion of the effoct of grain gize of the feods on the feed

Copsunption and utilizotion by the chiecks., - - o e

The .rewa chick nash sanples was f[ound to have iore cearse grain
gizes thon the Pfimer cihvick uash, 'the .arewn chick nash L fusther ground
to reduce the grain size such that when 100 portion of the feed wag
sieved un 2 nuiber 18 uesh 8ize asieve, 25 ~ %50~ of the fall out wus
obtained, This grain sise was found " to B cloge to the grein size of
Pfizer chick wnsh. 1This was the feed thut wau fed to group 6 chicks,
he influence of eruin size of the feed on the chiclks was then deferuined
by conparing the feed consw.ption, gain in life wei ht, apparent
digestibility, PER, und FER of this group with group one chicks (the
control group). -

Gross pathological unc histepatholegical studices,

Procedure. Two birds each fron the groupe of jullets fed with metabisulphite-
treated .irewa feed and the group fed with non-petabisulphite treated

arewa feed were weighad and sacrificed unler wseptfic conditons at the

agoes of six woeks and eigfh% wosks, Internni organs were exauined

superficially for gross pathological changes if any. The liver und the

i
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kidneys, the respective sites of metzbolisu 2ad excretion of metabisulphite,
wore renoved imnediately and weigheld, They were then subjected to

further processing for histopathological exavination.

Tissue Processing. Dlocks of the liver, kidney and spleen were fixed in

10 percent buffered neutral fornalin for obeut three days, trimied and
processed in a technicon, then sectioned at 6 nicrons thickness, apd
stained with haenotexylin and eosine (H & L). The slides were then

observed under lisht nicroscope and photographed,
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44
TADLE 1: Proximate conjosition of the feed frials. -

S Mois ture | bry natter Agh ' Crude Protein ' fetroleun-ether Crude filwe '"Witrogen=fr
. . o L . P P . extract S R extract
Feed {% of wet weight) | (% of wet weight) (% of dry weight) | (% of dry weight) (% of dry weisht) (% of ¢ry weight) (% of dry w
arewa + + = + + 1

Chick 9.3 + 0.06 90,65 = 0.06 6.52 = 0.06 21.52 - 0,21 F.60 = 0.15% 347 = 0,14 64 .61

Mash . L : ' .
Arewa + + + + + i

growers| 4.82 - 0.09 9%.18 = 0,09 3,27 =~ G.04 19.84 =~ 0.3 £.25 - 0,09 2,27 = 0.10 6%,.%
pash

Arewa + +

Layers | 7.02 < 0.07 92,98 t 0,07 13,66 = 0,02 21.77 £ 0.04 3,92 L 0,20 2.32 L 0,02 58.33
nash . .

Prizer

chick 7.56 L 0.16 92.44 < 0,16 8,75 L 0.20 24,40 L 0.2 3,58 = 0.37 3,10 < 0.10 60.19
nash .

rfizer + + + , N ,

nash

Pfizer + ' - + + + +

layers 3,25 - 0.07 91.75 - 0,07 17,00 = 0,77 18,88 = 0,04 2.6 - 004 3.3 - 0,05 57.73
nash . , _ _

Bréwers - + + - + &

spent 75.71 = 0.15 24,29 - 0,15 3.65 - 0.02 21,07 - 0,62 T.66 = 0.09 18,79 = 0.07 45.83
grains : )

Bach value represents the nean of six deterninations and the standard errors.



TaBlE 23 Prozinate conposition of the feed trisls az fed Go the chicks

TR 45
f Petroleun-e ther Nitrogen-free
Foad Moisture (%) iash (%) Crude Protein (%) extract (%) Crude Filwe (%) extract (%)

Arewa Chick Mush 9.35 5.9 19.51 2,52 2.15 58.56
ATEWS growers nash 4,82 8,82 18.68 4,07 3.11 60.30
arews layers nmash 7.02 12;70- 20.24 5.64 2,16 54.24
Prizer Chick Mash 7.56 8.07 22.56 3431 2.87 55.63
Pfizer growers nash 5.87 9,12 16.38 5.01 2,97 60.65
Pfizer layers mash 8.25 15.60 17.41 2.71 3.06 52.97
Ergwers' Sfent érains 10,21 5;28 ;8.92 £.88 16.86 43,85

The values reported here werec calculated frou uean values in table 1, taking into account the zoietwre content of the feeds,

except in the case of the hrewers spent prains for which noisiure content wius dired dewn to 10.21%.
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TLBLE 3 Physiological fuel volue (PEV) of the feed trials

% caleulated fron progiunte couposition. L e
Feod, | IV {ReallKe dry petier)
aArewé chiclk nash _ S . A 50734 o4
Prfizer chick nash i . | 3,705 .6
areva growers nash | 371244
Pfizer grovers riash I - ;” 3,752.0
drewa layers nash 2" S 3,556.8
Pfizer layers nash I. e S w. 29333.9
. Brewers' spent groins ] __ , 3,485
D I

The PV volues were obtained Iy multiplying the pean weight
() of the ether extract or fat, crude protein and nitrogen-fres
sxtract or Carhohydrate per K;; of the feed Wy 9, 4, 4

respeciively und talking the sun of the products (?’?).

" I.-)r 1 .
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T4LBLE 43 Varistion in the proxirate conpogition of irews feeds.
)
Chick wmask Growers nash Layezs Nash
Representative Hepresentative depresentotive
Nutrients Sar_,L;;-le 1 Sanple 2 Sariple Sanple 1 Jarple 2 sanple Saiple 1 Sanple 2 Sanple
Hois ture
% of wet weipght 8.89 9.77 9.%5 5.39 6,13 4,82 7.52 7.26 7.02
Ash
% of dry patter 6.69 7.18 6.52 10.06 5.89 9,27 15.12 12.63 13.66
Crude prctein
% of dry matter 21.15 20.52 21.52 19,49 20,12 19.84 21.42 21.52 21.77
Petroleun—ether
extract 3,57 3.48 3,88 4.0 3.76 4.28 2.% 2.57 3,92

o of dry natter
Crude filws
% of dry uatter 3441 349 3.47 2.87 3435 3,27 2,93 2,46 2,32
Nitrogen—free

extract 65.18 65.33 64 .61 1 63.53 6%.08 63.34 59.17 60.82 58.33
% of dry matier |

Each value represents the pean of three determinations except in the case of the representative sanples where values represent
the nean of six deterninaticns.,
t and 2 are samples fronm each of two feed bags respectively.

The representative sanples are nixtures cf random samples fron three different bags.

Sanples
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5. Variation in the proxinate conposition of rfizer feeds.

48
Chicl nish Growérs nasdh Layers nash
Nutrients Sanple 1 Sanple 2 i“e}fre?ent&ﬁve Sanple 1 Sanple 2 de:‘f,rescnt"' v Sanple 1] Sanple 2 | Hepresentative
Sanple Sanple Sanole
Mois ture
% of wet weight T.83 T+51 7.56 6.41 6.06 5.87 8.42 8.76 3.25
t

ASh
# of dry natter 8.72 8.66 8.73 10.12 9.10 9.69 15.99 16.49 17.00
Crude jrotein
% of dry matter 23.69 23.173 24 .40 16 .81 17 <30 1740 186,85 19.16 18.98
retroleun-e ther

extract J42 342 F+58 5.28 5426 Bs3e 2,90 2.92 2.%
# of dry ratter
Crude fibre
% of dry matter 3.10 %25 3.10 %e11 5.3 3.16 3032 3.25 $, 74,
Nitrormen-free

extract 61.07 60.91 60419 64 .62 65.0% 64 .43 58.9% 58.18 5T 13
% of dry natter

Bach value represents the mean of three deterninations execept in the case of the representative samples where values

represent the pean of six deterninations.

1 e
hacs.

Sanples 1 and 2 are sanples fron each of two feed bags respectively.

The representative sanples are niztures of random sanples fron three different




49

Eroxigate Composition.
Tables 4 & 5 show the variation of proxinate composition of
different batches of .rewa and Pfizer feeds respectively.
Generally, the couposition of the arewa feeds appear to vary nore
widely from one bag to another than the Pfizer feeds., Infact
relatively larse lunps of groundnut cakes were feund in the .rewa feeds.
Feeds fron both warewa and rfizer, especially the layers nash
contuin much sand. This was evident frou the fact that grains of
sand were found in the ash,
It is likely that the sand nade a significant contrilution to the

total ash content obtained with the layers nash,
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TLDLE T3 Total anino acid composition of the feed trials expressed
as percentage of dry natter.
Level (%) in feed
Anino Chick Mash Growers Mash Layers lash Drewers’
acid wrewa | Pfiger ! .rewn | Pfizer | urew2| Pfizer | Spent grains
Tryptophan 0.31 0.26 0.21 0.30 0.24 0,24 0.33
Lysine 0.67 1.48 | 0,99 0.87 1.08 | 1,52 0,80
Histidine 0.43 0.62 | 0.57 0.50 0.85 | 0.74 0.51
&rginine 1.10 2.05 1.76 1.54 1.65 1.33 1.25
w8partic acid 2,22 177 | 123 1.08 2.11 1.31 1.63
Throonine 0.76 0,73 | 0.50 0.44 0.76 | 0.66 0.81
Serine 1.06 0.9 0.65 0.57 0.72 | 0,78 0.95
Glutanic acid G 46 433 | 3.21 2.86 4e46 | 2,92 4402
Proline 1.39 1.20 | 0.98 0.86 1.31 1.06 215
Glycine 1:13 0.99 | 0.77 0467 1.15 | 0.91 0.80
«lanine 1.16 1.06 | 0,90 0.79 1.35 | 0.93 1.02
Cysteine -1 - - - - - -
Valine 0.86 0.8 10,83 0.73 1.35 | 1.04 1.15
He thionine 0.17 0.39 (0.33 0.29 0.46 | 0.59 0.35
Isoleucine 0.83 0.75 10.58 0.51 0.9% | 0.63 1,01
Leucine 1.66 1.55 [1.16 1.02 1,68 | 1,38 1,87
Tyrosine 0.42 0.67 ]0.46 0.41 0,54 | 0.44 0,62
Phenylalanine 0.98 c.8 |0.73 0.64 0.87 |0.79 1.36
a

Not detected.
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TLOLE 8: Bssential* anine acid composition of the fead trials I\l

5 . - oxpressed as percentawe of dry uatter. . l

t Lavel (%) in feed. i

AR1INo ] Chick nash Growers nash Layers nash Drowers
acid S arews | Pfizor avewi | ¥fizer asrewd | Pfizer | Spent grains

Tryptophan 0.3t 0.26 0.21 0.30 0. 24 0.24 0.33

Lysine 0.67 1.48 0.99 0.87 1.08 1452 0.80

Histidine 0.45 | 0.62 | 057 | 050 |o.e5 | o4 | 0.5

wr;tinine 1.10 2,05 1.76 1.54 1.65 1.53 1.25

Threonine 0.76 O.'ﬁ 0.50 0.44 0.76 0.66 0.81

Glycine 113 0.99 0,77 0.67 1415 0.91 C.80

Valine 0.86 C.86 Q.83 0.73 1.35 1.04 1.15

Mg thionine 0.17 0.39 0.33 0.29 0.46 0.59 0.35

Isoleucine 0.83 0.75 0.58 0.51 0.9 0.6% 1.01

Leucine 1.66 1.55 1,16 1.02 1.66 1,38 1.87

Phenylalanine 0.98 O.th 0.73 0.64 .87 0.79 1.36

. |

lote

o ——

* Hgsential for poultry.

Chick nash is recompended for the first 8 weelks of life, growers

" nash botween 8 ~ 1B weeks and layers riash afier 18 weeks.
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duino acid conpositicn.

Tables 7 and 8 respectively show the total anino acid composition
and the essential (essential for poultry) anino acid congposition of the
feed trials, from table 7, tryptophan and nethionine are the two
liidting apino acids in all the feed twials, Glutavic acid was found
> be the nost a'undant in all the feel trials incluldin:: the pure lrewers'
spent grains, auspartic acid level was also found to w foirly hih in
all the feeu trials.

The Wwewers' s,ent crain hus a hich level of proline, an! infact its
moline content i mueh hicher than any of the levels recordad for all
the other feed trials. CUystein wus not detected in any of the feed
trials,

Conparing the levels of each essential unmino acid in table © with
the values recormended ly NRC (Table 18), the .rewa chick nash was found
to e grossly deficieat in lysine and pethionine, and the level of
arginine was parginal
The wrewa growers nash had narginal levels of threonine, uethionine,
slyeine and isoleucine. However, the arewa layers nosh was iound to
adequately meet the demand for :11 the essential anino acids except
1ethionine,

The Pfizer chick mash and the layers uash were founl to contain the
reconnended levela of the esseutial anino acids except rethione whose level
wes low in the chick mash, The Pfizer ;rowers wash was however, found to
contain a low level of pethionine and warginal levels of threonine,

glycine and iscleucine.
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Except the levels of lysine and ne thionine which were found to Le
nerg inal when comparcd with the level recomnended 'y NiC (66) for
sturter chicks' diet, wewers spent /rains contained aleguaie ancunts

of amine acids th:t are essential for poultry.
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TABLE 9: The level of some mineral elements in the fee
(as_percentage of dry matter)
Level (%) in feed

Mineral Chick mash | Growers mash Layers mash Brewers'
Element Arewa | Pfizer | arewa |¥fizer | arewa | Pfizer |Spent grains
Sodiun 0,222 | 0.212 | 0.263 | 0.257 0.392 | 0.365 0.042
Fotassiunm 0.267 0.232 | 0.342 10.252 0.512 | 0.425 0,062
Magmesiun 0.035 | 0.048 | 0.034 |0.048 0.0% | 0.049 0.055
Caleciun 1.52 2.10 |2.00 l2.86 2455 3.72 0.19
Phosphorus | 0.628 ; 0.645 |0.620 |0.633 | 0.655 | 0.667 0.725
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TLBLE 10: The pE of, phytic acid and phytic acid phosphorus

content of the feeds.

' pH ! Lhytic acid ' Phytic @cid phosphorus
Feed Value (% of dry matter) | (% of dry matter)
irewa Chick Mash 6.0 0.447 0,014 0.126
Pfizer Chick Mash 6.3 0.514 £ 0.010 0.145
Arewa Growers Mash 5.8 0.539 = 0.010 0.152
Pfizer growers mash 6.2 0.593 = 0.010 0.167
Arewa Layers Mauh 548 0.729 ¥ 0.074 0.205
Ffizer Layers Mash 6.2 0.832 £ 0.015 C.2%
Brewers' Spent grains| 4.9 - 5.2 0.448 = 0.003 0.126
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TAHLE 11: Total microbinl counts of the feeds.

i
iMculd count (GFU/g) ‘
Fead Osmophilic Bacterial Count/g
H a Moulds
Toulds
» 4 3 c 4
Arewa Chick Mash T.0 x 10 4.17 zx 10 9.0 x 10
Pfizer Chick Mash 2.52;):105 -b -C
- 4 Ly 3 4
Arewa growers Mash (1.0 x 10 2,17 x t0 5.0 x 10
4
Pfizer growers mash {4.50 x 10" - -
) ¥ - 4 = 3 3
Arewa Layers Mash 9.5 x 10 2.3% 2 10 7.5 x 10
. 5 3
Pfizer Layers Mash | 2,55 x 107 9.5 x 10 -
e 4 3
Brewers Spent grains 4.25 x 107 {2.0 x 10

aEI.'hes-e are total nould counte irrespective of physiclogical speciea

characteris tics.
bNo pould was detected,

cNo bacteria were detected.
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TARLE 12: Nutritive Velue of the feed trials.
Totel feed Total protein{ Total nitrogenl Total facces | Total nitrogen| weizhit Feed Protein apparent
Fecd { consumed \2;) consuzied consuned voided voided in S8in (g) efficiency afficiency digestibil
type Nin 4 weecks) (&) (&) - (g.dry weight)] fasces (g). ratio (FER) ratio
(P.E.R.)

AJF. | T74.08 i51.02 24.16 119.45 .14 159.54 4.85 1.06 7459
PJ.F. ) 631.29 140,52 2248 T6.67 3.22 179.98 Ze51 1.28 B5.68
B.8. G| 798.87 178.99 26,64 141.75 7.98 194.53 4,14 1.09 72.14
M.5. T65.24 145 .84 23.32 98.41 5.26 188.73 4.5 1.29 T7 44
M. T F 751.66 146 .64 23.46 151.69 5.8 15717 T8 1.08 75.10
Goa. P 679.73 132,61 21.21 127.19 .69 129,82 5.24 0.98 68.46

FTIR Arewa feed,

r.F, Plfizer feed.

B.S,G. DBrewers spent grains diet (25% of spent grains end 75% Pfizer feed).

M.S, Malt sweeping blended diet (23% spent grains, Zo nalt sweeping and 75% Ffizer feed).

M.T.F. Hetabisulphite-treated arewa feed.

G.a,Fe Ground srewa feed,
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NMutritive value of the feed trials.,

Table 12 shows the nutritive value of the fuel mis.is. The
Pfizor feed showed the highest apparent diguvatibility.
."uld:]:tion of 25 percent spent grains to commerciual Tfiger feed led to
a Ileductioﬁ in the spparent digestibility of the Ffizer product.
The metabisulphite treatencnt of .xewa feed hag had no significant
offect on the digestibility of the arewa feed.
The grinding of the .-;re.ﬁ‘:r. feed lod to a r@du.ction' in the apparént

digestibility of the feed by the chicks.

[



TLBLE 13: Mean weights of day-old pullets fed the different fee

es).
WEEK | GROW 1 | Gomp 2 { Govz 3 | GRowp 4 { &or 5 { @our 6
1711 31.08% 150 | 36.56 1.3 35.08 = 1.04 36.15 = 1.36 | %.07 ¥ 1.42 35.13 = 1.32
1 | #1.10%1.90 |[53.62%2.% 29.17 21.92 | 3%.33%3.58 |41.03%3.08 |35.46 %212
2 | s8.15 £5.58 [77.22 6.3 4.83 T 2,78 55.% = 11.50 [ 57.43  6.52 41.75 = 6.04
3 | 73.23%6.68 | 100.28 = &8.58 67.39 = 7.50 79.56 = 14.54 | 80.64 = 9.14 59.56 = 9.80
4 | 100.43 % 13.92 | 143.38 £ 11.62 | 102.28 T 14.10 | 111.72 £ 16.06 | 116.86 = 13.28 | 87.71 =14.50
5 | 158.00 £ 21.56 | 213.80 < 18,44 | 163.4¢ £ 20,9 | 171.67 £ 18.22 | 165.86  21.64 | 123.00 T17.66
6 | 217.69 £ 28.96 | 57.20 T 23.94 | 239.31 T 22.76 | 244.67 = 24.02 | 215.71 T 30.16 | 166.57 =26.66
7 | 216.31 £ 32.42 | 317.21 £ 22.60 | 323.25 % 32.18 | 311.44 L 23,42 | 273.08 T 43.70 [240.40 £ %.90
8 | 323.22% 36.68 | 368.63 = 24.86 | 389.38 L 37.84 | 376.25 T 27.% | 338.33 T 51.18 |288.20 T 38.32
9 | 422.25 % 44.95 | 472.09 £ 27.00 | 445.68 £ 42.26 | 451.50 £ 21.76 | 389.40 L 50.50 |310.00 = 25.52
10 | 520.97 £ 53.04 | 575.65 = 31.16 | 542.69 L 48.74 | 554.44 = 25.40 | 459.80 T 61.00 |354.67 = 22.68
11 | 613.34 = 60.70 | 642.74 = 31.12 | 580.50 = 55.32 | 606.69 = 22.32 | 5%.20 = 60.66 |483.57 = 5.84
12 | 6e7.62 % 66.00 | 691.17 = 3.12 | 626.13 = 58.10 | 649.38 £ 25.84 | 651.60 £ 55.82 |540.33 £ ¢.24
13 | 787.62 2 71.62 | 799.78 £ 38.86 | 735.00 L 70.30 [ 757.00 = 32.06 | 681.80 = 55,56 |607.33 = 23.62
14 | s61.07 £ 77.66 | 8%0.61 £ 41.9 | 830.71 £ 79.82 | 847.75 £ 35.18 | 6%.60 % 59.10 |650.00 < 36.50
15 | 968.87 £ 80.46 | 968.61 L 44.42 | 932.57 = s2.86 | 938.13 T 35.72 | 736.50 L 62.00 |667.00 = 39.46
16 106138 L e4.82 [1042.48 £ 4356 |1009.43 £ 81.00 [1006.38 = 42.84 | 782.90 = 64.42 |740.67 = 52.66

*gee legend.



Group 1.

Group 2.

Group 3.

Group 4.

Group 5.

Group 6.
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ables and 14.

Chicks fed with Commercizl jrewa poultry feed,

Chicks fed with Coummercial Pfizer poultry fecu.d.

Chicks startcd on spent grains with 1% (w/w) lrewers dried
yeast diet but the diet was replaced on the fifth day with a
diet consisting of 25% spent srains and 75% (ly weight) of
Ffizer feed.

Chicks started on gpent grains with 2w nalt swceping and 1)
{(y weight) of lwewers dried yeast but the diet was replaced
on the fifth dey with @ diet consisting of 2% opent grains,
Zé palt sweeping and 75% (Ly weight) of Pfizer fead.

Chicks were fed with .rewa feed to which scdiun uetabisulphite
(1%) had been added.

Chicks fed with ground arcwa feed,

Values of weight gain used in constructing Fig. 1 wore

derived fron Table 13.
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D— Chicks fed with ground Arewa diet
-— Chicks fed with Plizer diet

&—a8  Chicks fed with diet containing 25%
spent gran

&—a&  Chicks fed with  melabisulphite
treated diet

o}

10 12 14 16

Fig 1 Age n weeks

Average gain in weigh! of day-old pullets fed with the different
diets over the lirst 16 weeks of Iife
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Growth of the chicks in relation to diet. -

Figure 1 shows how tho average gain in life weight of the chické
varies with the type of diet. The nean gain in life weipht of chicks
fed with Commercial Pfizer chick nash was significantly (P 0.05) higher
than that for chiclks fed with Coummereial Arowa chick rmash. The chick
nash fron the two sources (¥fizer and srewa Coupanies) were fed to the
chicks during the first © weeks of life.

There was no significant (P 0.05) differcnce between the gain in
weight of chicks fod with growers mash from the two sources (Ffizer and
irowa Conpanies) . ;:lthough the gain in weight of the chicks fed with
rfizer growers nush was slightly higher, the Pfizer growers wash cannot
be said to be outstandingly superior to arewa growers nash since the
differonce was not signifieant (P¥® 0.03).

The inclusion of the brewers spent grains at o level of 25% (w/w)
in the Pfizer chick mash resulted in a significant (PC0.0B) loss in
weight goin when the nixture was fed to chicks within the first 5 woeks
of life, Aifter this age, there was no significant (D 0.056) difference
between the sain in life wight of the control (chicks fe: with pure
Prizer mash) and the experinental (chicks fed on Pfizer diet containing
25% spent grains) chicke. The inclusion of spent erains at 255 (w/w)
level in the diet appeafs not to e tolerated by starter chicks. .

The mean gain in life weipghts of chicks fed with netabisulphite-
treated Arewa feed wore sinmiler to mean guin in life weights of the
control (chicks fod with met‘a.bisulphite—frée .Airewa die t) chicks for the

first 9 weske of life.



However, it became appareut in the tenth week that crowth of the
chicks fed with the metabisulphite-tre-ted fecd was pgradually being
retarded but the retardation did not become significant (I' D 0.05) until
the thirteenth week.

There was a significant (P Z 0.05) decreuse in the weighi gain when
the day-old chicks were fed with asrewa feed whose parilicle size was
reduced to fine particles, This was investigated v comparing the mean
veekly weight gain of ihe group fed with unground feed (contrcl group)
with the group fed with the ground feed (experimental ugroup). The chicks
fed vith the ground feed also showed haemorrhage of the feet during the

first two weeks of life,
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feed Consunption: ihere was no jronounced difference hetween the

consuuption 0f the petabisulphito-treated and thael of the non-uctabisuliphiite

treated .rewa feeds 'y the chicks (Pig. 2).
The grinding of the isrews feed to reduce the article size led to =
pronounced reduction in the auocunt of the feed consuized YW the chicks.

Generally, the chicks were found to eat more on-the days tiat there

wag electric power failure &nd wormth could not le supplied. This ™
was true for all the feed trials., - ST
N ’ RS .

B ’ £
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b_-Lc cidental death.

iy
TABLE .14: I';;ortali’;y rate expressed o8 the nerc.entage of the
\ Ori indl number of day-0ld chicks that die weekly,
E
'y ; Percentage nortality.,
5% ' - - e e e e e ]
lIl'l’éual‘: Group.1 | Group 2, | Group 3L Group.4 Group 5 Group 6.
1 - | - 40,0 | 4.0 - 6.6
2 4.0 - 24.0 - 6.6 4G.0
3 - - - - - —
4 12.0 - - - - -
5 16.0 - - - - -
6 4.0 - 4.0 - - -
7 - 4.0 - 4.0 - -
& - 4.0 - - - -
9 - - - - - -
10 - - - - - -
1 i - l - - - - -
12 - - - - - -
13 - - 4.0l - _ .
14 - - -} - . -
15 - - - - - -
16 - - - - - ’ -
0 "o .death.
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Mortality: Table 14 shows the mortality rate of chicks fod with different
feed trials., On the whole, 3 percent of the day-old ohicks fed with
the Commercial irewa feed died amd all the deaths occurrcd during the
first 6 weeks of life. Only 8 percent of the chicis fed with Commercial
Pfizer feed died, More thun half of the chicks fed on the diet containing
254 of spent grain died during the first two weeks of life while over 60
percent of the chicks fud with the diet containing the malt sweeping
died during the first week of lile.

the inclusion of metabisulphite in the diet appears to be accompanied
with a reduction in mortality rate of the chicks (Table 14).

The chicks fed with the ground asrewa feed showed higher mortality

than those fed with unground irews fecd (the control chicis).



69

TAHLE 15: ternal organ weights of pullets feu with

tabisuljhite-treated feed at_the sixth week of life,

] ] L] L] ]

———— g

Body Liver lidney Liver wt, er] kiduey wt. per

treatnent | wt. () | #wt. (&) ] wt. (g) | 100c vody wt.] 100¢ body wt.

r —— - —
M1, 196 7.620 | 2.587 3.99 1.32
H2, 240 9.540 | 3.403 3.97 1.42
g 1 161 6.517 2.190 4,06 1.36

]
c?.c 220 8.954 2.354 4 -07 1 .m

M1. oand M2 were chicks fed with me tabisulphite-treated
Arewa feed.
C1. and C2 were (controls) vhicks fed witlh Arewe feed with no

netabisulphite.
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TABLE 161 Internal orran weighto of pullets fod with wetadisulvhite-
- treated feed at the eighth week of life.

Body Liver Kidney Liver wt. lx;I. -mi‘i-idnay wi. perj
Treatuent | wi.{g) | wt. (g) {wt. (2) | 10Cg body wt. | 100 body wt.
Y 339 9,753 ) 3,729 2.80 1.10
H4 307 9,271 3.530 %,02 1.15
¢3 302 5,879 | 3.450 2.9 1.14
C4 379 11.565 | 4.570 3.05 1.21
i I

113 and M4 were chicks fed with wetabisulpldte-treated arcws fwed (exjerimental
chicks), €3 and C4 were (controls) chicks fed retabisulphite~fee Arewa feed.

Orian weipht 8t autopsy. The organ wei hts per 100g hody weipht for the

liver and the kidneys of the chicks fed with metabisulphite-ireated feed
ware almost identicol with the values obtained for the controls (Tables

15 and 16), liowever, the organ weights por 10Uz btody weight appear to
decrease with increasing wge, the decrease being more pronounced with the
liver. This observation was noticed in both the control anl the experimental
chicks, o . L TS

Gross pathological examination of internal orpans: There were no sirmificant

findings other than slight intramuscular haemorrhage of the chest and thich
muscles. However, similar findings were noticed in both the chicks fed with
me tabisulphite-treated rfeed (ihe experimental chicks) an_d the controls
(chicks fed with uetabisulphite-free diet). The bursn of Falricius was
found to be enlarged, Codematous and inveluted alon:, its longitudinal folds

both in the experiment:l and the control chickas, - . oy

5.



Photoricrogruivh of the kidney

rhotonicrograph of the kidnoy

gection (x I'.‘--J) of chick

metabisulphite-

fed wit
treated Arowa
age of Bix wecks, There
dficant

were no s8i

LiNdl1; S,
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PLATE 5: Photonmicrosraph of the spleer
secion (x 100) of chick fed
with netalis lphi te-free

Arewa feed ';('-\-:?:I'f.l} at the

age of six weeks, There

Photonicrograph of the

spleen sectiion (x 100)

Arewa food at the age of six
weeks, ‘here were no

significant findings.

Wy

-

[S17 “fa

o

Results obtained with chicks sacrificed at the age of eizht weeks were

identical with those reported above, in the respective cases,




DISCUSSION

Proxipate Conpomition. Althcough it is possible to nake nany nore deterninations,

the ordinary report of the chenist on the routine fedd analysis usually
gives values for rwisture, crude protein, fat or ether extract, erul: fibre,
niineral natter or nsh and nitropen-free extrct (44), The proxinate an~lysis
is probably the wost penerally used cherical scherne for describing
foodstuffs, desypite the fact that the informabicn i% gives cay offten be

of uncertzin nutriticnal sisnificunce, Uthecretically, it iz poasilble o
formulate n feed which is complete in all nitritionnl essgentials but fouils
t¢ be appetizing to the aninals or birds (25). However, euch of the
conponents mentionsd above plays an inporstant role in achieving the

desired goal for which the feed was foriulat.d.

Moisture, The moisture level of a feed offects the stability (82) and

 the acceptablility of the feed to the anivals. Crampton and Harris (17)
reported that foods containing nore than 14 percent noigture cunnot e
stored in tulk as they are readily attacked by moulds. However, aninals,
especially poultry, wiversally deslike dusty or hygroscopic feeds (17, 23).
The noisture content of the representative sanples of 211 the commereinl
feeds fell between 4.73 and 9.41% while the uoisture content of the

trewers' spent grains {(from the new brew house) Tell between 75.56 and
75.86% (Table 1), The noisture content of the growers nash frox both

arewn and Pfiger conpanies were fairly low (4.7% %o 6.09, gge Tuable 1).

The other nashes {chick and layers mghes ) satisfy the conditions needed

for bulk storage, but they were not too dry 8 to approoch dustiness,
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'i‘he poisture content of the lwrewers' spent graing was found to be too high
and could not therefore be stored in bulk. The spoent grain was thercfore
found to be extreenly difficult to preserve, apart frou the considerably
high cest of drying the spent grains by artificial heat, the heat wethod
alone is not likely to prevent attick by noulds and other nicro-organisns
if drying is to be carried ocut slowly At relatively low temperatures to
mwevent the coocking of the sgrains. 4t is o8t likely that the nttack by
rnoulds and other micro-organisns and the sulgeguent 8poilage are among

the nest seriovws limiting factors nilitating against e use of lrewers!'
spent grains in poultry feege It has however heen found out in this
study that the addition of 3,000 ppu of godiux netabisulphite (1010.5 ppua
302 equivalent) to the wet spent graing enhanced the stabvility, making .,
it posgible for the grains to be dried sluwly or even in the sun without
gpoilage taling place.

Crude Protein.

The crude protein contents of all the compercial feed nashes analysed
(Table 1) ware found to be adequuate when compared with the levels
recommended by NRC (66). The protein conlent of the trewers' spent grains
wé.s found to be fajirly high, However, this doos not necessarily nean that
all the feed mashes or the spent grains are capable of fully meeting the
' mrotein requirements of the chicks. This is because the quality of &
| Provein depends on its amine acid composition, digestibility and
availability of the smino acids,

i

r
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Methionine and tryptophan were found to be the liniting anino teids
in all the feeds (Table 7)., However, the lovels of tryptophen recocmended
bty NRC for the different categories of poultry feed were found to be
lower tihan the levels obtained in all € feels including spent grains,
Cystein was not detected in any of the feeds, Iyers (14) has reported

that nethionire and cystein are usually pregent in foods in small
anounts relative to cother awinc aecids. The low level of cystein cocupled
with its extensive destructiocn in u2cid hydrolysis (20) is possibly responsible
for the failure to detect it in the feeds. Jhere the abtsalute level of
systein is required, the sauples are ficst subjected to perforuic acid
oxidation before the acid hydrolysis (97). Under this condition,
cystein and rwthionine are cxidized to cysteic aecid and sulphone
respectively (14). In this study, such ste,e werc not taken to deteruine
cystein a3 cystein is not essential for chicken, The high levels of
glutanic acid and asparkic acid obtained in the feods (Table 7), were
partly due tec the decouposition of glutanine and wparagine respective ly
(20),

The irewa chick mash (with low levelo of lysine, methionine and
arginine) and the arewa rrowers nash (with narzinal lsvels of threonine,
vethionine, glycine and iscleucine) c:n he iuproved Yy increasing the
apount of fish meal and or scyabean in the feed, The Pfizer growers
nash 4lso appear to require sinilar fortification or supplewentation,

Ideally, there are three ways of supplenenting the essential aaino

acids that are either deficient or present ot arginal levels in feeds.



(1) Increasing the level of protein in the diet, but this is

wasteful and is of little 2pplieation,
(ii)  Fortification by the direct addition of the deficient amino acid,

However, this is too expensive onl the nethod is scldonly used.
(iid) Feeding a coubination of proteinc frou different sources such

that the deficiency of cne protein is supplercnted by abundance

of others, This is the rethod that is wost widely used.
Carbohydrate.

411 the feeds analysed were found to Lo rich in carbohydrates both
on dry weight basis and as fed to the chicks (Tables 1 and 2 respectively).
This is not unexpected, Jjudging from the foct that cereul grains foru 4
pajor component of all the feeds, YThe physiolusical fuel value of all
the feeds including the brewers' spent ;gruins (lable 3) were found to be
above the value recomuended for all cateqories of chicks by the NRC
(Table 18 in the appendix). w8 far as the supply of emergy is concerned
therefore, all the feeds appeared to be nutritionally adequate for the chicks.
In poultry science, the curbohydrate couponent whose level shculd

be critically watched in poultry feed is the erude filre. The inability
of hens to effectively dizest crude filre and the interference of fibre
with availability of anino acids have alre..ly becn discussed (27).
The crude fibre contents of all %ie commercial feeds were all found to
be below 7 percent (Table 1). This is what uost pouliry feed manufacturers
strive to achieve when forrnulating rotions for hens, esjpecially starter

chiclks (27). The crude fitre content of the spent griain was found to le
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quite high (about 18,7%). This possibly contributed to the inability
of the atarter chicks to make gocd use of the spent grains., Ademosun
(3} has implicated the high crude fitre content of hrewers grains as
teing responsidble for its limited use by poultry.

| Although the role of dietary fibre in preventing some diseasea of
the alimentary canal in man has been reported (12), thore arc yet no

data to show that such findings apply to poultiry.

Petroleun ether extract (fat).

The levels (2.91 ~ 7.75%) of petroleum ether extract in the
repregentative samples of all the fosda (Tavle 1) were found to fall within
the recommended range of 2 - & (26). However, oxidative rancidity,

a problen commonly associated with the fat componunt of the fexd is o
function of the level of unsaturated fatty acids rather than the
total fat content of the fecd.

Potal ash ond mineral clements.

The representative samples ol the laycrs mashes showed higher
total ash (13.64 — 17.77%) than all the other foeds analysed (Table 1).
The reason for this scems to be that wore hone neal and gyster shell
are vaually added to the layers mash thon the chick oz growers nash,

The level of esleium in the _4rewa layors mash (2.55%) was found to
be marginal when compared to the level (2.79%) reccoumended Wy NRC
{Tables 9 and 19), There is thereforo a nced to improve this situation
by the addition of oyster shell or calcium tarbonate, as restricted
calciun intake has been reported to cause cessation of laying in

sexuslly nature hens (34, 35).
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The phosphorus content of the chick mashes of both arewa and Pfizer
feeds were also found to be warginal, A nore disturbing obscrvation
was the fact that a significant proportion of the phosphorus was present
in phytic acid (Table 10). This is disturbing because phytic acid
phosphorus is less readily utilised than inorganic phosphorus. However,
8ince¢ no phosphorus deficiency syuptous were obscrved in the chicks fed
with these diets, it may be fair to infer that the level present was able
to wect the phosphorus requircments of the chicks,

Variation in proximate Composition.

The wide variation of the proxinatce conpocition of the Arcwa fecds
fron one bag to another (Table 4) possibly resulted from inproper nixing
of the bulk of the feed before packaging., This wide variation in
composition is undesirable as customers byying feeds from the saue
source are likely to get diverse feeding resulis, The variation in the
case of Pfizor feeds (Table 5) was feund, on the average to be less
pronounced than in arewa feeds, The difference could e attributed to
proper mixing of the Pfizer feeds. It io indeed neccssary that individeal
ingredients should be thoroughly mixed to ensure that the proportion cof
the nash consumed by one bird will have the sanc couposition as that
mrescribed by the formular., The finding thet the nitrogen-free cxtract
of the spent grains frou the new brew housc wos lower thun the value
obtained for spent grains from the old brew housc (Table 6) suggestes that
the procedure adopted in the former was nore cfficient at extracting

the soluble carbohydrates,
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4Al)l the feceds uncalysed had pH valucs in the acidic region. However,
both the Arewa and Pfizer fecds were found to be only weakly acidic
(Table 10). The urewers' spent grain wos found to be wore acidice than
any of the coumercial fecds, Although the effcct of this on the
palatability of the gruins feed to the chicks was not known, it
apparently had the advangape of suppreasing bacterial growth. The freshly
dried brewers' spent grain was found to b devoid of bactoeria but fungi
wore present (Table 11), Morcover, the antinicroblial action of
nct2bisulphitc which was being tested for poscible uwse in meventing
speilage of the spent graine is usually (#H dependent, eing more active
at low @ values (60). This is thereforc an added advantage.

Microbial Ccount.

The picrobial count of a feod nay alse le considered as one of the
indices for assessing the gquuality a8 some of the nicrcorganisms are
either pathogenic or ccould causc the spoiliyx of the fecds, Although
sone of the feeds analysed were found to eontnin Viable nicro-organisus
(Table 11), it is difficult to tell whethor they were wrescnt in the raw
naterials or whether they entered the products during the post-processing
storage period, However, the incorporation of rwtabisulphite inte the
feed seemed to militate apgainst the survival of the nicro-organisos
irrespective of their peint of entry into the feed., This has an

advantage over the usc of heat and/or irradiation which nay b less
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effective in controlling post-processing contanination when in the hands

of the custoners.

Nutrive Valuc of the feed trials.

The additicn of 25% spent grains to Pfizer (diuvt led to a reducticn
in the apparent digestibility of the Pfizer dict (2able 12). This possibly
was responsible for the finding that despite the fairly high level of
cssential anino acids in spent grain (‘I'able 8), pocr rescults werce obtained
when attenpts were nade to feed it as the only protcin source. The high
crude filre content night have been responsible for the poor digestibility
(3). The significant (B#_0.05) loss in the weight gain (Fig. 1) and
the increased nortality rate (Table 14) of stwter chicks when fed with
the diet containing 25% spent grain showed thot spent grain was not
tolerated Yy the starter chicks 2t this level (25%) and so it is not
recommended a8 sole chick feed, However, 25 addition of spent grains
to growers diet had nu sigmificant (P20.05) offeet on weight gain and
pnortality rate and such suppleentation ray be recormended (Fig 1 and
Table 14)., The addition of nalt sweeping in the diet did not result in
any distinet benefit and s¢ no further ~ttenpt was nalde to include this
ceunponent in the fecd trials,

The treatment of the Arews feeds with sodiw: metabisulphite (1% w/w
did not have any proncunced effect on the digestibility and the
consunption of the feed (Tnble 12 and Fig. 2). slthoughy the growth of

the pullets fed with petabisulphite-treated feed was gradually retarded
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without any distinct toxic synmptoms on consunption of feeds containing
1% metabisulphite for 8 weeks, whether or not this retardation has any
effect on the onset of egy laying ond sulsequently on ege production by
the chicks require further investigation. Til, feron, DeCGroot unld Van
der Wal {90) have reported sinilor growth retardation in pigs fed with 2
diet containing 0.83% sodium metabisulpaite for 15 tc 48 weeks,

The fall in the cilgustibility of arcwz chick mash on grinding it to
fine particulate size was duww to the short tire sjent in the gizzard by
fine food particles (23) thereby preventing ony reasonable digestion.

The hocporrhage of the feet night b due to vitanin K deficiency which in
turn night have resulted fron insufficicnt intcke of this vitanin ns

the feed consunption was reduced (Fiz.2). 1t thercefore appeared that

the reduction in the particle size adverscly affceted the appetite of the
chicks. Infact, Ewing (23) had reporte! that fine ground mash was not
as palatable as cne that was of meliun coarte in graonulation,
Toxicological Studies.

The Joint Fa0/WHO Expert commitu.ee on food additives (53) has
recornended the use of the following indices in toxiccological evaluation:
growth rote, hepatic and renal functions anl where indicated, the functions
of other organs, organ weight at autopsy 2nd histopathological investisnition,

Neither the control chicks nor the chicks fod with netabisulphite-
trected feed showed gross pathological chonges in the liver or the
kidneys. The weights of these twc orgins rclative to the body weight in
the experimental chicks were identical to values obtained with the controls

(Tables 15 and 16).
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Both the control and the experinmental chicks showel slight intranuscular
haenorrhage of the chest and thigh nuscles, These findings could there-~
fore, not be attributel to the netabisuljhite treatment. Hacnorrhage
could result fron vitanin K deficiency but since the vitamin levels of
the feeds werc not deternined in this stuly, vitanin K can neither be
categorically iuplicated nor ruled nut.

The nicroscopic exauination of the kilmey of the chick fed for 6 wecks
with the netabisulphite-treated feed (Plate 2) was identical to that of
the control (Plate 1). The vetablisulphite thorefore hal no adverse
effact on the kidneys., No sigmificant pathological changes occurred in
the spleen as a result of the metabisulphite treataent (Conpare Plateo
5 and 6).

The fact that focal accunulation of leucceytes around the bile ducts
an! some blood vessels was found in liver scetiions of both the experitental
and the contrcl chicks, (Tables 3 and 4), irplied that the netabisulphite
could not e ioplicoted as eing rusponsible for the observation,
Mononuclear lynphoid cell accumulation @ discrete foci or as diffuse
collections, particularly in periportal areus zre sometines found in
nornal avian livers (9). Til, Feron, DeGroot omw! Van der Wal (90)
have reported that pigs fel with a diet coataining a level of sodiun
petabisulphite as high as 1.72¢ for 15 weeks showed no distinct
histological changes in the liver and the kidneys although the relative

weights of these orgens were increascd, The notabisulphite tolerance of
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an apninal definitely depends on the ability of the liver to netabolise

the netabisulphite intc non-toxic products. 1t can therefure be inferrcd
that since there were nc significant histological abrornalities in the
livers of the experinental chicks, the level of sodiwn metabisulphite
employed, 1 or 10,000 ppa (equivalent to alout 3,368 ppa of sulphur
dioxide) falls within the range the liver could denl with physiologically,
Sodiun petabisulphite nay therefore be of value in preventing spoilage cf
the spent grains even when dried slowly at low tenperature and in
controlling spoilupge of poultry feeds during the post-processing storage
period., Metabisulphite concentration of 8,000 ppn was found to rendor
107 rehydrated bone neal free of osmophilic noulds in sinulated
contamination (1).

It is felt thot the level of wetabisulphite that is capable of elininating
osnophilic moulds will elivinate nost nicro-orsanisus, since cosnophilic

noulds are anong the nost resistant groupe of nicro-organisos.




CONCLUSTIOMNS,

The noisture content of the trewers' spent groins (BSG) froo North
Brewery Linited, Kono, Nigeria was founl to be quite high (up tc 75%).
48 a result of this, it was difficult to ordinarily sun-dry the BSG
without rycotic contauination and subsequent speiluge. The addition of
sodiun metabisulphite to wet BSG (3,000 ppn retabisulphite, equivalent
to 8,520 ppo netabisulphite when dried to 2 noisture content of 10.21%)
enhanced the stability and longevity thercly peruitting the grains to be
dried a2t convenience provided that this was donc within 3 - 5 days after
the discharge.

Inspite of the findings that BSG was frirly rich in crude protein
and essential amine acids, it cannot serve s the only protein source in
poultry diets as it was poorly digested by starter chicks in particulur,
The high crude filre content was possibly respensible for this poor
digestibility. Addition of 25 BSC to Ffizer chick mash fed to starter
chicks resulted in a significant growth rcterdstion and increased
mortality rate and therefore BSG alenc could not be recourenled as
chick feed, However, o sinilar additon ¢ the growers diet had no
8ignificant effect on growth and rnortality rate, It is hoped that with
such additon, the price of the diet will fall significantly.

Me thionine was deficicnt in all the coumercinl feeds except Pfizer
layer nash where the level was found tc be adequate, The level of this

anine acid and other aninc acids present at sub-optinal level can be
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3.

inproved by increasing the proportion of fish meal in the ration,
Feeding day-oll pullets with a dict contoining sodiun netabisulphite
(10,000 ppu equivalent to¢ 3,368 ppo of sulphur dioxide) for 6 - 8 weelks
dees no significant danage to the liver, the kidneys and the spleen of
the pullets, .8 day-old chicks are nore vulneraeble to toxic agents than
older chicksa, it is felt that clder chicks can colerate this level of
netabisulphite toc, sven theugh this conclusion is without prejudice to
the cunulative effect of the netabisulphite,
SUGGESTIONS FOR FURTHER STUDIES
1t nay be necessary to carry cut further stulies in order to resclve
the following unanswered questions which may beeloud the use of brewcrs'
spent grains and netabisulphite in poultry feels,
The effect of feeding layer chicks with o diet containing 25% BSG on the
onset of lay and the laying perfornance of the birds,
The effecct of fecding pullets with netabisul hite-trecatel feed on the
onget of laying and laying perfurince,
The relationship letween storoge time and tenperature of the feed and
the residual concentration of netabisulphite in the feed with 2 view to
finding the best storugre conli $icns.
The interaction between the metabisulphite and the conponents of the
feeds.
The effect of netabisulphite-trcatacnt on the nornel flora of the

alinentary canal ¢f the chicks.
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TABLE 17: Mean weekly feed consunption jer bird, (weights recorded
in tg anes ) .
Spent Halt Hetabisulp Ground
Week arewa FPfizer grain sweepin’; | hite-treated Areva
feeld feed dict blended feed feed
diet
1 65 .32 T2.54 19.12 51.50 63.89 41.16
2 101.21 102.08 70.82 76.89 99.10 83.46
3 11717 118.48 161.03% 124.9 115.70 103,05
& 140.79 133.88 176.10 139.45 148.64 13 .32
5 212.735 170.26 205.39 178,12 198.10 181.04
7 31.51 250.79 346.57 286,35 1.93 337.47
8 384 .74 310.05 401,32 349.51 385.10 370.75




100

TABLE 18: Bnergzy, Protein and anino gcid Reguireunents of chicks (66)
Broilers ' . Pullete - Laying
0-6|6-9]0-6|6-14 |14 - 20| & Breeding
Nutrient WEEKS | WEEKS | WEEKS | wEBKS |WEEKS Hona
Metabolizable
Bnergy (Keal/kg) | 3,200 | 3,200 | 2,900] 2,900 |2,900 2,850
Protein % 23 20 20 16 12 15
irginine., % 1.40 | 1.20 | 1.20{ 0.%5 | 0,72 0.80
Glycine and/or
Serine, % 1.15 1.00 1.00}] 0,80 G.60 7a
Histidine % 0.46 0.40 0.40| 0.32 0.24 ?
Isoleucine % 0.86 0.75 0.75] 0,60 0.45 0.50
Leucine % 1.60 { 1.40 | 1.40] 1.10 | 0.8 1.20
Lysine % 1.25 1.10 1.10] 0.9 0.66 0.50
Methionine % 0.86 0.75 0.75] 0.60 0.45 0.53
Okt
Hethicnine % ) 0.46 | 0.40 | 0.40f 0.32 | 0.24 0.28
*Cystine % 0,40 0.3 | e.3| o0.28 | 0.21 0.25
Phenylalanine % 1,50 | 1.30 | 1.30] 1.06 | 0.78 ?
Ok

Phenylalanine %3 0.80 | 0.70 | 0.70] 0.55 | 0.42 ?
*Tyrosine % ) 0,70 | 0.60 | 0.60] 0.5¢ | 0.% ?
Threonine % 0.80 | 0.70 | 0.70| 0.55 | 0.42 0.40
Tryptophan % 0.23| 0.20 | 0.20] 0.16 | 0.12 0.11
Valine % 1.00 | 0.85 | 0.85] 0.70 | 0.50 ?

%value not yet established.

* cystine and Tyrosine are not essential for poultry but when present at

the level specified can respectively supplerent low levels of-methionine

and phenylalanine,
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TADLE 19: Vitauin and Mineril Requirenents of Chicks (a8 percentase

or arount per Ko, of feed) (66},

Starter Growing i '
o Chicks Chicks Loying | Sreeding

Nutrient 0~ 8WES. | 8 - 18 iko.| Hons  |mens.
Vitanin 4 detivity (IU) 1,500 1 1,500 4,000 |4,000
Vitanin D (ICU) 200 200 500 500
Vitenin B (IU) 10 | ?a ? 7

Vitanin £ {(ug) 0.53 ? ? ?

Thienin (ng) 1.80 ? ? 7

Riboflavin (ng) 3,60 1.80 2.20 | 3,80
Pontothenic dcid (ng) 10 10 2.20 10
Wiacin (ng) _ 27 11 10 10
Pyridoxine (mg) 3 7 3 4.5
Biotin (mg) 0.09 ? 2 | 0,15
Folacin (Starch diet) {ny) 0.5% ? 0.25 0.35
Vitanin 812 (ng) 0.00% ? 7 0.003
Cholinc (ng) 1,300 ? ? ?
Calciun % 1.00 0,80 2.75 2.75
Phosphorus % 0.70 0.40 0,60 0,60
Sodiwa % 0.15 0.15 0.15 | 0.15
Potassiun % 0,20 0.16 7 ?
Manganeae (1’.1,(_‘:) 55 ? ? 33
Todine {ng) 0.35 0.35 0,30 0.3%0
Mognesiun (ug) 500 ? ? ?
Iron {(ng) 80 ? ?
Copper (ng) 4 ? [ o
zine  {(ng) 50 ? ? 65
Seleniun (ng) 0.10 ? ? ?

a;‘.i’a.luuc.- not estallished.

VR e
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TABLE 20: Amino deil eonposition of brewers prains as reported by

NRC (66)

inine acid Anounts og percentise of
Jdry feed,

Arginine 1.3
Cystine -5
Glycine -

| Histidine 0.5

- Xscleucine | 1.5
Leucine ' 2.3
Lysine ‘ ' : 0.9
Me thionine : 0.4
thenylnlanine ; 1.3
Serine | -
Threonine _ 0.9
Tryptophan - ' 0.4
Tyrosine 1.2
Valine ' 1.60

a
Not detected.

L
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Fig.3 Concentration of DL ._trnyptophan (mg/100mi)

" Calibration curve for the determination of tryptophan.
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Fig. 4 Concentration of Sodium (ppm)

Calibration curve for the determination of
sodium by Flame Photometry.
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Fig- 5 Concentration of potassium ( ppm)

Calibration curve for the determination of
potassium by Flame Photometry.
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Calbration curve for the determination of calcium
by Atomic Absorption Spectrophotometry
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Calibration curve for the determination of
magnesium by Atomic Absorption Spectrophotometry
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Calibration curve for the colorimetric determination of phosphorus







