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' THE EFFECT OF CONTAMINATION OF PEANUT MEAL NITH ASPERGILLUS FIAVUS'QN
PROTEIN QUALITY AS MEASURED CHEMICAL AND IN
BIOASSAYS ON CHICKENS AND DUCKLINGS

HT Ostrowski—Mhissnerl, Ir Winarso Siswohardjono, Dadang Suherman and
Idris Barchia

Balai Penelitian Ternak, Profect fon Animal Research and Development,
(CSTRO-Australia),” P O Box 123, Bogor, Indonesia -

The protein quality of peanut (PNN) either aflatoxin-free or contaminated vith aflatoxins
was eviluated using either chemical assaye aw chemical score and predicted  discriminsnt
computed protein efficiency ratic (DC PER) or using various bioassaye such as protein ef~
ficiency ratio (PER), net protein utilisation (NPU}, total protein efficiency(TPE),plasma
both. total (PTAA) and esential (PEAA) amino acids, and nitrogen retention with both chick
ens and ducks being the test animals. Uhen ducklings were used in bioassays as test an—
imals because their high sensitivity to aflatoxine, a si gnificant reduction in the bloas
szy results occurred when conteminated PNM was tested compared to the aflatoxin~free FNM.
Bicassay on chickens and chemical assays were proved to be insensitive in predicting an
improvement of utilisation of dietary proteins by ducks fed PNM contaminated with aflatox
ins. 1In the humid tropics where most of stoced foods ars infested with Aspergilfus {La-
viid a reducrion in the uvtiligation of protein from foods contaminated with this fungus
may be expected when fed to organisms sensitive to aflatoxins. Such a veduction may nct
be detected if chemical assays or bicasszaye with the use of test aniwalo of low sensitiv-~
ity to aflatoxins are used.

Key Words: Protein guality, aflatoxins, peanut meal, chemical essessment, bioassay, ducks,
chicken

Bainton and Jones (1977) reported that a high propertion of feedstuffs
surveyed in various countries in the tropics, particularly in South East
Asia, were contaminated with aflatoxins, exceeding the level of 50 iig afla-
toxin B] equivalent/kg established by the FAO (Giddey et al 1977) as accep-
table for animals. Storage of improperly dried crops is a major cause of
infestations of foods and feeds with the fungus Aspergillus flavus with pro
duces aflatoxins reported as potent hepatocarcinogens (Heathcote and Hibbert
1977) and the toxin responsible for a decline in the productive performance
of the farms animal species sensitive to mycotoxins (Muller et al 1970, Os-
trowski-Meissner 1981a). There are indications that the values describing
protein quality of feeds contaminated with aflatoxins may differ, depending
on both the assay from which results were derived and test animals used in
bicassat (Ostrowski-Meissner 1981b, 1982). Thus there is a need for a reli
able, timely and inexpensive rapid agssay which could be used to -evaluate
protein quality in feeds infected with Aspergillus glavus, This seems to
be of particular importance to humid tropical regions where most stordd
feeds are infected with fungi (Bainton and Jones 1977).
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The concentrations of amino acids is commonly used in evaluating the
protein quality of feeds and a number of messurements derived from amino
acid profiles in protein have been adopted as criterions of quality ~(Mit-
chell and Block 1946; Hansen and Eggum 1973; Jewell et al 1980). The pro-
blem arises however, that the results of protein quality of feeds infected
vith Aspengillus glavus, derived from chemical analyses may differ from the

results of the quality determined in bio-assays with the use of wvarious

types of laboratory animals. This is due to possible different sensitivity
of the experimental animals to sub-lethal concentrations of aflatoxinse in
test feeds. This paper describes changes -in results of the protein quality
of the peanut (food/feed popularily-used not only in the tropics) due to
contamination with the fungus Aspengiflus {favus. Paper also desmonstrates
the differences in protein quality results which have been derived from ei-
ther amino acid composition or from standard bio-assays on two poultry spe-
cies (chickens and ducks) known to have different sensitivity to aflatoxins
(Muller et al 1979, Ostrowski-Meissner 1981a,b; 1982),

Materials and Methods

Peanut meal: A peanut crop grown in East Java and free of aflatoxins,
was dried in the sun for 10 days after harvest and then placed in a forced
draught dryer at a temperature of 65°C until 92% dry matter (DM). The pea-
nutg were manually dehulled and oil extracted first in a press and then in
a column chloroform extractor. The peanut cake was ground and passed
through a 0.5 mm screen and then divided into two portions. One portion
was contaminated with aflatoxins (AF) by mixing peanut meal free of -AF
(PNMg) with chloroform extract containing aflatoxins (1,53 mg aflatoxin By
equivalent/ml) extracted from a culture of Asperngillus 4Lavus grown on
srain rice according to West et al (1973). After contamination peanut meal
contained' 373 ug aflatoxins B] equivalent/kg (PNMpp). The second portion

(3 -

toxins was used during a mixing proce¥s,

(PNHO)xwas_handled_identiciliy'as PNM,p except that chloroform without afla

Diets: ¥Except for PNMpy, all dietary ingredients used in this istudy
as caselin used as a reference protein in the contrel diet weré free of afla

toxins, Chemical composition of protein sources used is given in Table -1,
Casein or peanut meal were incorporated in the test diets (Table-2) at the
level providing 12X crude protein (268 g PNM/kg diet). This resulted in
levels of 0 or 100 pg aflatoxin By equivalent/kg diet when PNMg or PNMaF
were used respectively. An additional level of 50 ug aflatoxin/kg was

achieved by mixing PNMg and PNMAF in proportions 1:1 prior to inclusion in
the test diet.

Birds: One-day-old Alabio ducklings and White Leghorn chickens were
housed in cages with raised wire floors. At seven or fourteen days of age,
they were weighed and selét&gd for bioassays; usually 10 to 15 g separated
the lightest and heaviest seélected bird. The birds were then distributed
'to cages singly and in random order. Experimental diets @ were fed ad
libitum to three groups of four birds for 14 days. Groups were weighed om
the 7th and 14th days of the assay and food consumption recorded. Constant
lighting was provided by 150 W lamps hung 25 cm above each cage when the
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Table 1:

Chemical compositio _
aflatoxins |(AF} m”mmmmmam
ann‘un assags

Constituent m Py Casata

Proximats analysest

Dry matter (%) 8.7 8.1 90.8
Crude protein (N x 6.25)(X IM) AL8 45.6  79.8
Ether extract (X DM) 204 23,0 0.5
Crude ssh (T DM) : 5.8 5.4 37
True Metabolizeble Energy (MJ/kg) 13.8 'u.i 15.9

Maino Actds (x/16 g W)t

Lysine 22 e
Methionine & cystine 7 168 2.9
Threonine 3.01 .13 .43
Isoleucine 451 4.40 3.01
Leucine 758  7.68  9.20
Valine 5.80 5.56  S.42
Phenylalanine ' S.44 6.14 4,86
' Tyroeins , 3.41 598 5.2
Tryptophen '. L1 LK L
Aspartic acid s.64 1009 641
Proline | &3 538 182
Cystioe L 612 08
Arginine : 10.76¢  10.53 3.41
Ciyeine & sertoe . L 870 639 7.5
Botidine 2 275 .20

Qycine = " 5.6 404 Lo
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The composition of the basal diets

OSTROWSKI FET AL

Lein quality using bioassays on-ducklings and

{glkg} used in the evaluation of pro
chickens

.. Ingredient N-free diet PER § NPU = TPE Preliminary diets for
sssays assays

PER & NPU TPE

assay ’ as8ay
Corn starch 464 335 - - -
Corn - . - 661.8 237 629
Peanut meal - 268 268 - -
Soybean meal - - - 235 290
Dried yeast - - 8.2 50 -
Laaf meal - - ) - -
Pish meal - - - - 30
Corn bran - - - 100 -
Pollard - - - 302 -
Meat & done meal - - - k i} -
Corn gluten - - - 9. -
Sugar 464 33s - - [

Preaix 3ot ol 30! 30! 302
DL-methionine 0.6 0.6 0.6 0.3 1
Choline chloride 1.4 1.4 1.4 1.7 -
Cotn oil 40 40 26 5 -
TOTAL 1000 1000 1000 1000 1000

Crude protein : '

(_l x 6.25) 0.0 120 185 220 220

ME (MJ/kg) 16.1 15.9 15.2 14,4 14.6

1 Providing (ig)'t 15 calcium panthothenate, 6 riboflavin, 3 thianin

bydrochloride, 4 pyridoxine hydrochloride, 0.2 biotim, 40 nicotinic
acid, 1.3 pteroylmonoglutemic acid, 0,04 cholcalciferol,

10 a—tocopheryl acetats, 5 menaphthone, $ retinol (as Rovimiz Aj35);
and 20 ug cysdocobalamin, 20 g CaHPO, x 2H,), 2.7 g MgS0,.H,),

670 wg PeS0, + 7 Hy0, 270 mg MnS0,.4H,0, 130 mg ZnSO,.7H,),

16 ng CuSO,.5H,0, 37 mg KI. Mineral premix was mixed #ith vitamins
at the time of preparation of the diet. : .

2 aa!put providing extra 0.50 mg niacin.

birds were seven-days-old. This gave an ambient temperature of approximate
1y 34°C; the lamps were lifted gradually up to 70 cm above each cage when
birds reached the age of 21-days-old. This resulted in an ambient tempera
ture of approximately 25°C.

Bloassays: Protein Efficiency Ratio (PER) and Net Protein Utilisation
(NPU) were determined using the principle of the method for rats as de-
scribed by Bender and Miller (1953)., Seven-day-old ducklings or - ¢hickens
were used for each test protein sample and also for the casein control and
N-free groups. The weights of birds for the PER determination were ~ taken-
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on the l4th day of feeding trial. Birds were fasted for 12 hours then re-
weighed and killed with ether, dried to constant weight in an oven at 385° C
and the moisture. content calculated. One replicate of ducklings and chick
ens from each treatment was ground, analysed for nitrogen on a fat-free ba-
sis and the water/nitrogen ratio calculated for NPU, This ratio was then
used to estimate the percentage of nitrogen in that reatment's -remaining
replicates. It has been demonstrated by Summers and Fisher (1961) that
such a ratio is constant both within and between treatments under uniform
experimental conditionms. ' :

Total Protein Efficiency (TPE) was determined using the principle of
the method described by Woodham (1968) on l4-days-old birds with the test
diets resembling practical ‘rations and containing 18.5% crude protein (CP)
being assessed during 14 days feeding period. '

Prior to the end of the TPE assay during three consecutive 24 hour pe—
riods birds wére given experimental diets containing chromic oxide dough (2
g/kg). A total excretacollection was made on a group replicate basis and
the gross balance of dietary nitrogen was determined. At the'end of the
nitrogen balance study, an ileal digestion of amino acids was determined us
ing the principle described by Varnish and Carpenter et al (1975).

At the time of killing, blood was taken from the jugular vein of birds
fed ad libitum, in heparinized tubes for plasma amino acids determination,
then the livers were dissected, weighed and a semi-quantitative evaluation
of gross appearance of livers was made. : )

True metabolisable energy (TME) in the feeds was determined according
to Sibbald (1976) on adult (8-months-o0ld) Single Comb White Leghorn roosters
with the use of 24 h excreta collection.

Chemical assays: The chemical score was calculated according to the
principle outlined by Michell and Block (1946) with the amino acid require-
ment of 3-week-old broiler (NRC 1977) taken as protein standard for both
chickens and ducks. The discriminant computéd protein efficiency ratio(DC-
PER) was determined by the use of a technique by Jewell et al (1980) with
the PAO/WHO (1973) reference essential amino acid pattern being applied as
a standard.

Analyses: Aflatoxing were determined by the method of Fons et. al
(1972 The leyels of aflatoxins in both chloroform extracts and feeds
were expressed as equivalent of aflatoxin Bj based on the relative toxicity
of afiatoxins By, B2, Gy and Gz for ducklings (Carnaghan et al 1963). ,

The nitrogen in test protein, excreta and defatted carcasses was de-
termined using a Technicon Auto Analyser II, method No. 334-74 A/A.  Other
approximate analyses were conducted according to AOAC (1975) methods. Amino
acid contents were determined in acid hyrolysates (6 N HC1) on a Beckman
Anino acid Analyser using the procedure as supplied by the -manufacturer.
Tryptophan was determined after hydrolysates with barium hydroxide wusing
the procedure of Matheson (1974).

A Hewlett Packard Model 9831A mini computer was used for chemical as-
- sessment of test proteins from the amino acid -data.



40 OSTROWSKI ET AL

Results

With an increase in the aflatoxin (AF) concentration from 0 to 50 pg/
kg the results of the assays on ducks which are based on overall body
weight gain (PER and TPE) as well as ileal digestion of amino acids were
not significantly affected. There was however a significant reduction in
thoge measurements reflecting nitrogen deposition (NPU, nitrogen retention)
and concentration of amino acids in plasma (Table 3). With ducklings being
used as test animals, and increase in dietaty aflatoxin concentration from
0 to 100 g aflatoxin Bj equivalent per kg diet resulted in a significant
lowering of the all bioassay results. In contrast no significant effect on
the results of bioassays on chickens was observed at either level of di-
etary AF.

With an elevation in dietary aflatoxin level the weight of livers of
ducks significantly increased and a higher incidence of liver damage was
observed (Table 4). Similar changes were not observed in chickens.

Chemical score (CS) and predicted computed PER (DC-PER) derived from
the results on amino acid composition were not affected by the presence of
aflatoxins in the ration used (see Table 3).

There were no significant difference in the results of the bioassays
between ducks and chickens when PNMp-aflatoxin free was used. However, as
the aflatoxin concentrations in rations increased, the difference between

the results of bioassays on ducks and chickens became greater (see Tables 3
and 4). )

Discussion

The results confirm that ducks are more sensitive to AF as compared to
chickens (Muller et al 1970, Ostrowski-Meissner 1981a) and also that these
two animal species used in protein quality biossays have different patterns
of growth and other measurements reflecting utilisation of proteins from
feed .contaminated with aflatoxins. The utilisation of protein, from feeds
contaminated with aflatoxins, by ducklings was already retarded at the lev-
el 50 ug/kg, i.e, at the level quoted by Giddey et al (1977) as a concentra
tion acceptable by the FAO. According to surveys conducted by Bainton and
Jones (1977) and Shotwell et al (1976) a large proportion of feeds
and foods consumed in countries located in South East Asia, Africa, South
America are contaminated with aflatoxins, above the level of 50 ng/kg which
significantly retarded protein metabolism in ducks fed PNMAF. During. the
survey conducted in Indonesia (Hetzel and Sutikno 1979) AF levels above 100
ug/kg feedstuffs were recorded. Countries importing food and feedstuffs
from tropical regions have established tolerable aflatoxin levels below 50
ug/kg (Krough 1977) Therefore, the problem of dietary aflatoxin interfering
with the normal process of protein metabolism may be prominant in those tro
pical countrids which are exporting foods and feeds with low aflatoxin lev-
els and those foods rejected from export due to their high  contamination
with AF and lack of regulations as to the tolerable AF levels are utilised
locally. In the tropics particularly in South East Asian countries like In
donesia and Philippines where intensification of duck preduction is envis-
aged and where contamination of dried feeds with fungus Aspenglllus  {Lavus
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Table 3:

eets , the meal with aftatoxins on the 6
I}‘m‘ﬁf S48 of contamiALLion Of Nt e 6) and duchtings (D) and with Dhe ubt "
emical assays : .

Test Pesnut meal (sflatoxin leval pg/hg diet)

, Posled
snimal Aflatoxin—fres Aflatoxin-contasisated - % of
(0) (50) = (100) 2080
BIOASSAY! :
Protein Efficiency Ratio? 1.97a 2.00s 2.01a
(PER) = 200 1sw)B )t 00

Nat Protein Utilization’

hae ¢ S2a gy, SLbe gy, 3, g4

2.4 28.7v 20,

Total Protein Efficiency”
(TPE)

1.568 1,5% 1.5% ‘
1,63 ¥ 1,55 1lom O

o0 DO oUn

Ileal d%geui‘hui.ty of anine

scids c 0,828 0.84a 0,808 :
(1DAA) D 0,030 %8 0.7% ™  0.61» 2,032
Flasaa amino scids (umol/100 w1)®:
Lysine ¢ 7.62a 7.68 7.76a
(PL) v 7.85)% i)™ ozt 02
Total amino acids c ls 2hia 240a
(PTAA) D 253 VB Migon 1
Eesentisl amino acids c 96.4a 95,3a 96,9
(PEAA) D os.9s M gaiap * 0.7 Mt W55
Nitrogen Setentiom c D.S%]ns 0.631). 0,608y,
(g/g N ingested) D 0. 64a 0.5% 0.dte)
CHEMICAL ASSAY : -
Chemical Score (CS)Y 49.8 50,1 50.0 w’
Predicted PER (DC-PER)? 1.74 1.76 1.76 W

1 Each value represents mean of threae determinatiops, each on four amimals; valusp im
the same line which do not share a coumon latter are significantly diffeyeat =
0.05) according to the Tukey procedurs. Significavee displayed in the ez::— ara
referring to the differences berween chickens and ducks at certsin .lrn-h levels;
NS = not significant; * = significance at P < 0.05 level; ** » significences az(P <
0.01 level. ,

2 Liveweight gain (g)/protein consumed (g) with the test (12% CP) diet,
3 (body B with tesc pro:ain} ~(body N with protein-frea diet) /total N intake.
* Liveveight gain (gi/protein conmumed with the tast practical (18,3K CP) dlet (g),

Sppparent digestibility cosficient = 1-(weight of amino acids par wais weight chrow
mic oxide in ileal digesta from birds fed test dieg/smimo scids per wmig weight
chromic exide in the test diet) : :

6p100d cellected from birds fed ad libitum and killed between 8:00 snd 10:00 am.
Tpssed on one amino acid ssalysis.

‘xn calculations the amino scid requirements of mu.-bu bnihu'ucpﬁim 30 '
the NRC (1977) vas taken ss the protein standard.

Yot determined,

mn discriminant computed Protein Efficiency Ratio model (Jewell et al 1980) chs
“-1“1::‘ refarence essential sminoe acid pattern as propessd by TAONMO(1973)vas
ApPp. . .



42 ‘ : ' . OSTROWSKI ET AL - .

Tabbe 41 |
- “Phe-effeet-of contaminetion of the peamt meal with aftatori the post-
£» imphten examindtion of Livens S ehiins (O e atatoning on the pos

o
" Massuremant Pesnut meal (aflatoxin level pg/kg diet)? Pooled
Alatoxin=free Aflatoxin-contaminated SE of
maan
. 4 4,60 4.5 '
Uverwaight () Caaac)® o) 5.90)"" 0.144
3 € 1.0a 1.0a 1.0a
pchlm score’ 1.m:)nls 1 ‘b)us 2% .-* 0.181
s C 1.0a 1.0a 1.0a
Ristology ncorc D 1. oc)lls 1 Sb). . 5.]** 0.179

IR

lyach value npruentsj the mean of 12 livers collected from three groups
each of 4 animals . :

alues in the same row with unlike superscript are significantly different
(@ < 0.03) according to the Tukey's procedure. Significance displayed in
tha columns are referring to the differences between ducks and chickens at
certain aflatoxin levels; NS = no significant; * = gignificance at P <
.0.,05; ** = gignificance at P< 0.01 -
3Patlwlogy score : 1 = normal (mahogany), 2 = pale, 3 = green
‘lliltological score: 1, no lesion; 2, mild lesion - early hyperplasia of
bile duct without necrosis; 3, medium lesion - bile duct hyperplasia af-
fecting lesa than 502 of liver lobules and necrosis; 4, severe lesion-bile
duct. hyperplasia affecting more than 50% of liver lobules and necrosis

cannot be prevented and where proper storage of feeds is  difficult, .op-
timm duck production under an intensive husbandry system may not be
achieved due to deyelepment of pathelogical manifestations that. impair uti-
lisation of dietary proteins. Therefore, chemical assays based on the
amino acid compoaition of test protein may not be a txue prediction of the
quaiity of proteln contaminated with aflatoxins when fed to organism’ sensi-
tive to aflatoxins, .=~ = .. e C | )

Smith et al (1981) reported that the detrimental effects of aflatoxins
on animals can be markedly influenced by protein nutrition, and -explaired
this by the fact may mycotoxins usually increase the proteln requirements
of animals. While this could be true for animals like ducks which are sen-
sitive.to aflatoxina, Rajion apd Farrell (1976) reported no effect of AF
~on nitrogen balance in chickens. The significant reduction in nitrogen re-
tention, NPU and.plasma amino acid concentration observed in  ducks fed
PNMyp may indicate an impairment in absorption-deposition-utilisation of
protein from food. contaminated with A¥. '

Carnaghan et al (1963), Tung et al (1972) and Brydem et al (1979) de-
monstrated a reduction in liver RNA concentration in chickens fed 4 diet
with a high aflatoxin level (2 mg/kg), a fact suggesting that afiatoxin im—
pairs protein synthesis. The present study indicates that an impairment
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and a reduction in amino acid absorption occur already at aflatoxin concen-
tration 50 and 100 pg/kg while chickens are not at ail affected .by such
toxin levels. This may be one possible explanations for dlfferences in the
utilisation of protein from peanut meal as determined in bioassay on
chickens and on ducks. Another explanation may be liver damage observed in
ducks consuming diets contaminated with aflatoxins while livers in chickens
were not affected.

The liver lesions for ducks fed a diet containing 50 and 100 pg afla-
toxin B) equivalent per kg consisted mainly of bile duct hyperplasia and de
generative changes in liver parenchymal cells ranging from cloudy swelllng
to severe necrosis. Bile duct hyperplasia is recogn1zed as the most charac
teristic and easy identifiable result of afatoxin poisoning although it is
not specitic to aflatoxins (Heathcote and Hibbert 1977).

_ In conclusion it apperars that in the humid tropiecs where many stored

foods are infested with Aspergillus ffavus producing toxins-aflatoxins, the
~ utilisation of protein from infected foods may be substantially decreased
when fed to farm animals, sensitive to these toxins. Such a decrease may
not be predicted either by the chemical assays (chemical score or DC-PER),
‘nor when animal species with low susceptibility to aflatoxlns is used in a
biocassay. :

When contamination of foods with aflatoxins is envisaged, as is common
in humid tropics, the nutritive quality of food protein should be assessed
with the use of a bioassay in which metabolism is used:as a basis of the
quality assessment and again using a test. organism for consumption of which
contaminated food is envisaged.
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