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ABSTRACT:

The effects of supplementing diets with three levels (zero, one and two gikg diet) of Yea-Suacc'™ (YS) on
growth performance, carcass characteristics, some blood parameters and economic efficiency of Fayoumi
chicks were examined. One hundred fifty. 3 weeks old Fayoumi chicks were used and randomly assigned to
three groups. Each group received one of the dietary TS levels. The experiment lasted 10 weeks (from 3 to 13
weeks).

Inclusion of vone g YS per kg diet significamly (P<0.05) increased body weight of Fayoumi chicks as
compared to the other treatments. The overall means of body weight gain of Fayvoumi chicks which received
YC were significantly higher than control. Chicks which received diets supplemented wirth YS showed
significant reduction in the total amount of feed consumed as compared to the control. Feed consumption was
significantly lower as a result of supplementing 2 g YCikg diet than the other treatments. Sigrificant
improvement of feed conversion efficiency (11.235%) was achieved as a result of feeding either level of ¥S.

Plasma total protein, glucose, calcium, and inorganic phosphorus were not significantly altered by
Jfeeding diets supplemented with YS. Significant (P<0.03) decrease in average plasma triglycerides and
cholesterol levels were found in Fayoumi chicks which received the dictary YS.

Relative weights of feather, liver. gizzard, abdominal fut, and gonadal organs were not significantly
affected by dietary treatments. However, males that received the YS in their diets showed significant increase
in their relative eviscerated carcass as compared fto the control. Significant increase of spleen weight
percentage-in chicks which received the diet supplemented with [g YS/kg diet.

Feeding diets supplemented with Y8 resulted in improvement of economic efficiency. About 16.18% and
10.53% increase in economic efficiency was observed in groups which received the diet supplemented with |
and 2 g YS/kg diet, respectively.

These results indicate that supplementing diet with one g YS/kg diet was the most effective for improving
growth performance, eviscerated carcass pere entage, and the best economic efficiency. Therefore, it is
recommended to use this level of Yea-Sacc'™® under summer condition.
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INTRODUCTION bacteriocins, fatty acids, and deconjugated bile
Inclusion of microbial products (probiotics) acids), and competition for nutrients and adhesion
such as yeast culture to poultry diets has gained to receptor sites were suggested (Nurmi and
great deal of interest. Growth enhancement as a Rantala, 1973 and Barrow, 1992).
response to dietary yeast culture was reported by Supplementation of bacterial probiotics in broiler
many researchers. Onitade et al., 1999 observed feed not only caused improvement in
an increase in body weight, body weight gain, performance, but also stimulated the immune
feed intake and feed conversion ratio of broilers system of broilers. Significant reduction in
supplemented with Saccharomyces cerevisiae. frequency of  Salmonella typhimurium
Kumprechtova ef aof. (2000) indicated positive colonization in yeast fed broilers was observed
effects of probiotics application on broiler - (Line et al.,1998).Controlling intestinal coliforms
performance at a lower crude protein level: These and, to some extent, coccidial oocyts in broilers
results suggest a possibility of reducing the received veast culture residues in their diet were
environmental nitrogen load. Higher digestion reported (Stanley et al,, 2004).
coefficients of crude protein, ether extract, crude Probiotics have been used to reduce costs of
fiber, and nitrogen free extract were recorded in animal production as antimicrobial agents led to
quails fed diets supplemented with yeast culture new insights into the influence of intestin  lora
(Ali et al, 2000). Growth rate enhancement of on the host (Fulller, 1989). The growth-promoting
broilers grown on recycled litter and fed yeast effects of probiotics used in animal feeds as
culture residue was reported (Stanley ef al., 2004). growth promotanis have aiso been ascribed to
Antibacteriai mechanism of probiotics, suppression of urea hydrolysis and subsequently
including l!ow pH, low redox potential, reduced ammonia  production in  the
miscellaneous inhibitory substances (e.u., H,S, gastrointestinal tract (Kim and Kim, 1992),
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The objective of this study was to evaluate
the efficacy of dietary a commercial yeast culture
{Yea-Sace'™) in growth enhancement. carcass
charactetistics, some blood parameters  and
economic efficiency of Fayoumi chicks reared
during hot summer.

MATERFIALS AND METHODS
Birds

One hundred fifty, 3-week old Fayoumi
chicks were used in this study. Birds were housed
in brooder batieries with wire Hoors al the Pouliry
Experimental Farm, Faculty of Agriculture, Suez
Canal University. Chicks were weighed, wing
banded and randomly allotted to three groups.
Within each group 50 chicks were divided
randomly to five replicates of 10 chicks each.
Birds were provided with feed and water ad-
libifum. Light was maintained at 24 hours
throughout the study which was terminated when
chicks were 13 wks old. Individual body weights
and feed consumption per replicate were recorded
biweekly 10 calculate feed conversion efliciency
(g feed consumed /g weight gain). Birds were
exposed 10 ambient [smailia  province
environmental conditions during summer months
(June, July and August). The average daily
temperature and relative humidity | during the
coursc of the study were 33.3°C and 47%
respectively.

Experimental diets

Twao types of basal diet were formulated to
meet the nutritional requirements for Fayoumi
chicks as suggested by Sabri ¢r af. (19935). The
starter diet {(0-3wks) containing 22% crude protein
and 2900 Kcal ME/kg diet, followed by a grower
diet (3-13wks) containing 18% and 2900 Kcal
ME/kg diet. The composition and calculated
analysis of the basal diet are shown in Table (i}.
Dry matter, crude protein (Kjeldahl N X 6,25},
crude fiber, ether extract, and ash were analyzed
using the standard methods of the Association of
Officiai Analytical Chemists (AOAC, 1995).

Yea-Sace™" (Alltech commercial. Biotech-
nology products, Alltech Inc. 3031 Catnip Hill,
Nicholasvill KY. USA) as probiolics, containing
naturally oceurring microorganisms
{Saccharomyces cerevisiae). Three levels (zero,
one and two g/kg diet) of probiotic YS were
supplemented to the basal diets of Fayoumi
chicks. Experimental diet one, chicks reccived
zero YS in their diets and served as control. In
experimental diets two and three, chicks received
1 or 2 g YS/kg feed in their diets, respectively.

Blood sampling
Blood samples were taken from brachial

veins of five males and five females chosen:

randomly from each dietary treatment at 13 wks of

age. Blood samples were collected into
heparinized tubes. Plasma samples were separated
by centrifugation of blood at 3060 rpm for 10 min.
and were kept at -20°C until assayed.

Biochemical parameters

Al biochemical parameters were determined
using commercially available kits, which rely on
colorimeltric procedures. Plasma levels of {otal
calctum and triglycerides were determined using
Stanbio  kits. Plasma values of inorganic
phosphorus  were determined using Quimica
Clinica Aplicada kits. Plasma total protein and
cholesterol were determined using Bio-Mericux
kits.

Carcass characteristics

Six birds (three males and three females)
were randomly taken from each experimental
group at 13 wks of age for carcass characteristics.
Weights of live body, feather, heart, liver, spleen,
gizzard, abdontnal fat, testes, ovary, and oviduct
were recorded to the nearest gram.

Economic efficiency

At the end of this work, the economical
efficiency of the experimental diets were,
calculated from the input-output analysis based
upon the differences in both growth rate and
feeding cost as described by Bayoumi (1980).

Statistical analysis

Body weights were statistically analyzed
using the analysis of covariance. Body weights at
threc weeks of age were used as a covariate. The
analysis of covariance was performed according lo
Steel and Torrie, (1980) using the GLM procedure
available in SAS sofiware (SAS, 1988). Weight
gain, feed consumption, feed conversion
efficiency, blood parameters and slaughter test
data were statistically analvzed using one-way
analysis of variance. Differences among
treatments imeans were detected using Duncan's
Multiple-Range Test (Duncan, 1955),

RESULTS AND DISCUSSION
Body weight

The effects of dietary YS on average body
weights of Fayoumi chicks are represented in
Table (2). The anaiysis of covariance indicated
significant increase in average body weights of
Fayoumi chicks received dict, supplemented with
one g of YS/kg diet as compared to the zero or
two g YS/kg diel. This increase in body weights
started at the 3™ week of age and continued until
the end of the study (13 weeks of age). No
significant difference was detected in body weight
between the control and group received 2g YS/kg
diet (expect for the 3" and the 5" week of age).
The observed increase in body weight in the



Influence of Dietary Yeast Colture {Saccaromyces Cerevisiae) _ 25

present study as response of feeding yeast is in
agreement with that reported by Bradley ef al
{1994), They observed increased bird weights at 7,
14, and 21 d of age for male poults fed dieis
containing  Saccharomyces  cerevisiac  var.
boulardii at 0.01, 0.02, and 0.06% of the diet. In
addition, Stanley er ol (2004) reporied that yeast
culture residue could be used to control intestinal
coli forms and to enbance growth of broiler chicks
reared on recycled litter.

Body weight gain

Average biweekly body weight gain was
increased (P<0.05) by feeding the diet containing
lg YS/kg diet as compared to the other treatments
{Table 3). However, no significant ditterence of
body weigh gain between the supplemented levels
of YS during the 9" and 11" weeks of age was
observed. No significant ditferences among
experimental diets concerniing body gain from the
period of 11™ and 13" weeks were detected. The
overall means of body weight gain of Fayoumi
chicks, which received 1g¥YS/kg diet, were
significantly higher than control. Similar results
were observed by Onifade er al. (1999). I'hey
reported that supplemented broiler diets with
Saccharomyces cerevisiae increased body weight
and body weight gain.

The observed increase in body weight gain in
the present study in response to feeding YS could
be explained by the results of Glade and Sist,
(1988) and Pagan, (198%). They reporied that
yeast culture had a significant cffect on digestive
processes in nonrunnnant animals by enhancing
fiber digestion and mineral availability. In
addition, there is evidence that some live yeast
cells can pass through the acidic environments in
the stomach and remain active in the lower
digestive tract (Newbold ef af.. 1990). The use of
strains that can remain active in the small
intestine, large intestine, and the cecum may
improve the efficacy of yeast culture supplements
for monogastric animals. With the advent of new
techmiques for DNA  fingerprinting, individual
strains can now be documented and protected.

Feed consumption and feed conversion
efficiency (FCE)

Biweekly, cumulative feed consumption and
FCE are summarized in Table (3). Chicks received
diets supplemented with ¥S showed significant
reduction in the total amount of consumed feed as
compared to the control, Feed consumption was
significantly lower as a result of supplementing 2
g YS/ke -diet than other treatments, On the
contrary Onifade er af. (1999} reported that
supplemented broiler diets with Saccharomyces
cercvisiae increased feed intake.

The overall means of FCE indicated that
inclusion of YS in the Fayoumi diets improved

significantly the conversion of feed to body
weight gain. About 11.25% improvement of FCE
over control was observed in chicks received
dietary either level of YS. Madrigal ef al. (1993)
found increased feed utilization in male broiler
chicks fed mash dicts containing from 50 to 200 g
yeast/lon from | to 49 day of age. On the other
hand, Day et al. (1987) reported that the
supplementation  of' Saccharomyces cerevisiae
increased the activities of several enzymes and
that increased feed utilization, Moreover,
Haddadin e al  (1996) found that the
supplementation of Lactobacillus  acidophilus
improved feed conversion of layers by 14.8%.

It can be concluded that supplementing diets
with Yea-Sacc'"" enhanced growth and improved
feed conversion efficiency of Fayoumi chicks
reared during supuner,

Blood biochemical parameters

The effects of dietary ¥S on blood parameters
of Fayoumi chicks are shown in Table (4), Plasma
total protein, glucose, calcium, and inorganic
phosphorus were not significantly altered by
feeding diets supplemented with YS. El-Ghamry
ef al. (2002} reported similar data as a result of
inclusion yeast culture in broiler diets.

Signiticamt (PP<0.05) decreases in average
plasma triglycerides and cholesterol levels were
detected in Fayoumi chicks received dietary YS.
Both males and females fed diets supplemented
with Y8 showed low plasma levels of
triglycerides and cholesterol compared to the
control. However, males treated with ¥S tended to
show insignificant reduction in plasma cholesterol
levels. No significant diflerence was found
between the used two levels of YS concerning
plasma triglycerides and cholesterol. The observed
hypo-cholsterolemia and hypo-lipemia in YS
treated chicks are in agreement with what was
reported by Abdel Azeem (2002). It has been
suggested that feeding probiotics may reduce
plasma level of cholesterol through assimilation or
cholesterol uptake by lactobacillus cells (Gilliland
et al., 19853; Buck and Gilliland, 1994) or to the
coprecipitation of cholesterol with deconjugated
bile salts (Klaver and Van der Meer, 1993). Same
mechanisms might be exerted by Saccaromyces
cerevisiae to reduce plasma leve! of cholesterol.

In the present study, treated Fayoumi chicks
with Yea-Sacc'®® had no adverse effect on blood
biochemical profile. This finding as long as the
improvement of productive performance which
was reflected by increasing body weight gain and
improving feed cfticiency indicate the beneficial
role of yeast during hot summer.

Carcass characteristic
The eftecis ol dietary ¥YS on the carcass
characteristic are presented in Table (5). Males
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received YS in their diets showed significant
(P<0.05} increase in their eviscerated carcass
percentage as compared to the control. No
significant difference between the two levels of
YS was observed. However, males fed on Ig
YS8/kg diet tended to have higher cviscerated
carcass percentage. The average percentage of
heart weight of Fayoum: chicks fed 2g YS/kg diet
showed significant increase compared to the other
treatments. Corncerning the percentage weight of
feather, liver, gizzard, abdominal fat, and gonadal
organs, the analysis of variance indicated no
significant differences among dietary treatmeits
were detected,

Significant increase of spleen  weight
percentage in chicks received diet supplemented
with lg YS/kg was observed. Significant
difference in spleen weiglits percentages of female
chicks fed on YS diets as compared to the contiol.
It has been suggested that feeding probiotic to rats
niight act directly on the intestinal mucosa
{Corthtier et al., 1992) or it stimulates the mmune
system to increase the intestinal secretion of
secretory lg A and the secretory component of the

I g in mouse {Buts ¢f «f, 1990). The fact that the
refative weight of spleen was increased by YS
treatment with g YS/kg might indicate a positive
tmmunological role of Saccharomyces cerevisiae
in chicken.

Econoemic efficiency

The analysis of the economic efficiency of the
dietary treatments is shown in Tabie {(6}. Feeding
diets supplemented with YS resulied in
improvement of economic effictency. About
16.18% and 10.53% increase in economic
cfficiency was observed in chicks teceived diets
supplemented with lg and 2g¥S, respectively.
Therefore, it i1s recommended to wse YS in
Fayoumi diets in order to maximize the econonic
efficiency as compared to the control.

Data from the present study indicated that
diets supplemented with Yea-Sacc'™® improve
body weight gain, feed conversion efficiency and
economic efficiency in Fayoumi chicks reared
during hot summer. Therefore, it 1s recommended
to use YS at level lg/kg diet under such
conditions.

Table (1): Composition and chemical analysis of the experimental dicts fed
during starting and growmg periods.

Ingedicnts (% Staier raion Grimer aion
Ground yellow comn 59,79 63.85
Soybean meal (44%) 3047 19.00
Corn gluten 5.50 4.70
Wheat bran 1 0.44 ] 6.80
Dicalcium phosphate 1.69 N 1.80
Limestone 1.43 I.I8
Sodium chloride 0.25 (.23
Vit. and Min. premix* 0.25 (.25
DL-Methionine 0.12 0.08
L- lysine .06 0.09

Total 160.00 106.00
Calculated values

- ME (kcal’kg diet) 2900 2900
Crude protein % 22.00 18.00
C/P ratio 131.82 161.11
Calcium % .00 0.89
Avuilable phosphorus. % 0.44 0.44
Lysinc % 1.0% 0.84
Methionine % 0.50 0.40
TSAA % 0.92 0.73
Chemical analysis { % )

Dry muatter 87.60 87.33
Crude prolein 22.10 18,08
Crude fat 2.50 2.60
Crude fiber 3.55 3.50
Ash 5.85 5.30
Price of ton diet {LE}), 1999 871.32 782.26

*Each2.5 kg of vitamin and minerals mixture contain: 12,000,000 1U vitamin A; 2.000.000 1U D3; 10g
E; 1p K3: [g Bl; 5g 82; 1.500 mg B6; 10 mg B12 : 10g pantothenic acid; 20g Nicotinic acid. Ig Folic
acid; 50 mg Biotin; 500g choline chloride, 4g Copper, 300 mg lodine; 30z lron; 60z Manganese; 30g

Zinc, and 100 my Seicnium.
**TSAA - Toal sulfur amine acids
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Table (2): Effect of supplementing Yea-Sacc in diets on live body weights of growing male and
female Fayoumi chicks, g (mean + SE).

Dietary YS levels
Weeks Sex Zero (control) 1g YS/ kg diet 20 YS/ ke diet
Male 200.95+5.07° 215 65£5.16" 195.0044 17"
3" week Female 1892053 30° 195.42+6,46° 180.35+4.02°
' Average 195.08+3.10° 205.54+4.54° 187.68+2,78°
Male 403.79+8.41" 429.10+8.59" 190.90:6.04°
5™ week Female 353.4546.65 368.2312.15° 347 0046807
Average 178.62%6.66" 308.68+8.71° 368.9555.70°
Male 613.8910.90° 664.05+41] 33° 608459 53
7" week Female 525.10+8.65° 554.17+16.26° 511.85+12.52°
Average 569.50+9.92 609.11£13.25" 560.15+10.96”
Male 840.16214.86" 891.50+14.99° 825.55+13.91"
9" week Female 708.25+ 10,10 746.75+20.55° 689.20+£13.19*
Average 774.21214.03° 819.13£17.34° 757.38+14.45"
Male 1043.74418.84" 1125.40+14.92° 1044.85+17.98°
11" week Female 863.74+14.06" 90208125 44" 856.80+15.78"
Average 953.74+18 80" 1013.74423 42° 930.83219.13"
Male 1200.4725.80° 1309.70+16.00" 1237.90+19.93"
13 week Female 977.76£18.23" 1026.83328.51" 968.0516.57 "
Average 1089.62x25.43" 1168.27+28 48" 11029825 31 1°

a- ¢ Means within the same row having different superscripts are significantly different ( p<0.05)

Table (3): Means of weight gain (WG) g, feed consumption (FC) g. and feed conversion
etficiency (FCE) for the experimental chicks (mean + SE).

Dietary YS levels
Weeks ltems Zero (control) 1g YS/kg diet 2g Y S/kg diet
WG 183.54+2 87° 193.14+6.56° 181.27+7.23"
- 3-5 wks FC 539.71+£19.71" 5252142821 500.61+£22.22°
-~ FCE 2.94+0.06" 2.72+0.03° 2.76+0.04°
WG 190.88+6.04" 210.431.10° 191.20£7.76"
5.7 wks FC 709.32+9.32° 655.23+19.36" 612.01+17.75°
FCE 3.72:0.07° 3.1140.10° 3.20+0.03°
WG 204.71+2.17° 210.02+9 .44 197.23+18.02°
7-9 wks FC 739.742:13.49" 702.21x22.61% 647.54+29 28"
FCE 3.6120.03° 3.34+0.037 3.28+0.16"
WG 179.53+8.18% 194.61+4 32° 193.4545.4°
9-11 wks FC 751.42421.02° 683.19:39.46° 677.49£16.43°
FCE 4.19£0.11° 3.51£0.127 3.50+0.08°
_ W G 135.88+8.00° 154.53+17.06° 152.15+16.70°
11-13 wks FC 835.41£43.74° 852.65+19.52" 808.74%45 44"
FCE 6.15+0.02° 5.5240.13" 532+0.27°
WG 894.54:3.27" 962.73+28.28° 915.30+49 36%
3413 wks FC 3575.60+19.80° 3418.49439.16° 3246.39+48 26"
FCE 4.00+0.017 3.55+0.03° 3.55+0.08"

a - ¢ Means within the same row having different superscripts are significantly different (p< 0.05)
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Table (4): Effect of dietary Yea-Sacc on some blood parameters {mean + SE).

Dietary YS levels
ftems Sex Zero (coentrol) 1g YS/ kg diet 2g YS/kg diet
Total ﬁrotein Male 4'5‘2i0'50: 4.25%0.2 l:“ 4.74i0.64ffl
(g/d]) Female 4.40+0.09° 3.8320.90" 4.27+0.80°
Average 4.46+0.17° 4.04+0.13° 4,51+0.20°
Glucose Male 215.36425.50" 228.69+12.88° 226.32£17.79°
(mg/dI) Female 225.8718,84*" 22] .99ﬂ:9.08f' 238.30+18.25°
Average 220.44:+10.94 22534+7.51° 232.31+£12.56°
Triglycerides Male 72.58+3.07° 56.25ﬁ:2.82bh 66.78+1 3.62!h
(mg/dl) Female 101.30+£32.51° 74.09+14.14 68.19£8.13°
Average 86.94+18.95" 65.17+7.42° 67.49+6_60°
Caleium Male 8.06+0.68" 7.15+0.64" 6.12+0.9 1?
(mg/dl) Female 7.28:4:0.37‘d 6.42:t0.94f‘ 7.06ﬁ:0.50f‘
Average 7.67+0.36" 6.79+0,55" 6.59+0.40"
Inorganic Male 21,2942.87" 19.69+2.77° 17.37£3.10°
phosphorus Female 18.6744.35° 19.34+1.61° 23.84£5.08"
(mg/dl) Average 19.98+1.40° 19,5241 42° 20.61+3.49°
Chol I Male 156.24+16.74° 144.34+11.30° 150.97+13.86°
h(‘:negslf;;o Female 147.5643.96" 129.27:15.15" 118481347
Average 151.9026.10° 136.81+£8.52 134.73:+10.99°

a - b Means within the same row having different superscripts are significantly different (P< 0.05)

Table (5): Effect of supplemented diets with YS on carcass characteristic of male and female
“growing Fayoumi chicks (mean + SF)

Level Fea- | Hear | . | Splee | Giz- Evisce-) e Ovid
iver o rated Ovary
of Sex ] ther t o n ard fat % carcass tes o, uct
YsS % a ° %% %% A %% %
Yo
1002 | 046 1.89 0.25 2.10 0.76 | 67.69 | 069
M =+ 4 + + + + + + - -
Py 048 | 001 | 016" ) 003" | 029 | 025" | 142° { 0.19°
3 9.08 0.40 2.13 0.21 3.35 .52 | 66.53 0.059 | 0.06]
g F + + | 0.6 | 20.19 | 2052 | #1377 | + +
2 0.56 0.02 | 013 6.01" | 0.02°
= 9.55 0.43 201 0.23 2.73 1L.14 | 67.11
Av. + Eo + + + + + - - -
035 | 001° [ 011°® | 002" | 032" | 035 | 064"
9.17 0.48 1.84 0.30 245 073 | 70.05 | 071
M + + + + + + + + - -
_ 116 | 002 § 015° } 002" | 007 |.021° § 023" | oir®
oa 9.14 0.39 2.18 0.28 327 | 144 | 68.05 0.061 | 0.060
(Iz F + + + + + + + - + +
& 1.14 005 § 015 | 001* { 028 | 003 | 198" 001" | 003
9.16 0.44 201 .29 2.86 .1 | 69.05
Av, + + + + + + + - - -
073" | 003° | 012*® { 0.01° | 022 | 024" | 064"
8.56 0.51 1.83 0.23 242 055 | 69.51 | 0.70 - -
M + +0.03 =+ + + + + +
. 0.84 0.05" ] 0.02°° ] 010 { 015° | 1922 | 0.15°
<d 11.11 | 051 2,157 1 026 3.16 1.69 | 66..67 0.062 | 0.058
. F & + + 2001° | £0.34 | £0.09* | +1.68 - + "
[=" Fl a
3 1.29 0.01 0.14 0.01 0.04
- 9.83 051 1.99 0.25 279 1.12 | 68.09
Av. + + + + + + + - -— —
0.89° | 0.01° | 010 1 0.01° 28 1 034™ ) 1

Means within a column with no common supetscript are significantly different (P < 0,01}
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Tuble (6): Input-output analysis and economical efficiency of different dietary treatments.

Dietary Y8 levels
Item -
Zero {control) 1g YS/ kg diet 2 2 YS/ kg diet
Average feed consumed (kg) 3.575 3.418 3.246
Price/kg feed consumed (PT) 7 78.226 80.226 82.226
Total feed cost (PT) 279.658 274.212 266.906
Average live weight (kg) 1.090 1.168 1.103
Price/kg live weight (PT) 600.00 600.00 600.00
Total revenue (PT) 654.00 700.80 661.80
Net revenue (PT) 374.342 426.588 394.894
Economic efficiency (EE)” 1.339 1.556 1.480
Relative economic efficiency” 100.00 116:18 110.53

| Price lg Yea Sace=2PT

2 Total price of feed consumed 3-13wks/feed consumed.

3 According to the local market price at the cxpmmt,ntal time (1999).

4 Net revenue per unit food cost,

3 Assuming that the relative E.E, of control diet equals 100.
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