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A STUDY OF MOLASSES YEAST

IN POULTRY RATIONS

A. L. Palafox and M. M. Rosenberg

INTRODUCTION

The economic sta tus of an island economy, such as that which exists in Hawaii,
is directly influenced by its balance of trade ; i.e., incom e from all sources, parti cularly
from th e sale of its pro ducts outside Hawaii, versus expendi tures for imported
products. Among the several alternatives that may be emp loyed ro stre ng then its
economy, the reduction in imports thro ugh greater ut ilization of locally produced
products is a direct means of conserving funds . Th e po ultry industry lends itself
to th is approach since practically all commercially mixed feed sold in Hawaii is
compou nded of ing redients produced elsewhere. In 1958, a total of 34,443 tons
of pou ltry feed was used and valued at approximately 3.77 million do llars. Although
it may nor be economically feasible to exclude all of the imported ing redients,
studies have shown that cane final molasses (Rosenberg, 1954a, 1955; Rosenberg
and Palafox, 1956), B-grade molasses (Rosenberg, 1953, 1954b, 1954c), low-grade
sugar (Rosenberg , 1953a; Palafox and Rosenb erg, 1954), meat and bone meal
(Palafox and Rosenb erg, 1955), and ot her local feedstuffs may be used to replace a
portion of the feed mix, parti cularly that part comprising the carbo hydrate concen
trates. An ample supply of protein conc entrate still remain s as the major roadblock
to the compounding of poultry rations from local feedstuffs.

Alth ough tun a meal and meat and bo ne meal are produ ced locally, these
ingredient s are not available in sufficient quantities to meet the needs of this ind us
try. Another possible source of pro tein is yeast pro duced by the growth of Torulopsis
ntilis in a substrate of cane final molasses. According to Payne (1960), this yeast was
the most efficient converter of molasses to pro tein amo ng the species he tested . Th e
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4 HAWAII AGRI CULT URAL EXPERIME NT ST ATION

availability of large quantltles of cane final molasses, then, offers an avenue of
producing the protein concentrates now needed by the po ultry industry in Hawaii.
This investigation was undertaken, therefore, to determine the compara tive feedin g
value of molasses yeast fed at graded concentrations as a replacement for soybean
oil meal in the rations of growing and laying chickens.

REVIEW OF LITERATURE

In an early report , Bice (1942) found that chicks cou ld be raised on mo lasses
yeast at levels usually used for meat scrap, fish meal, and soybean oil meal. No
indica tion was given, however, as to the comparative grow th rates obtained on this
feedstu ff and the ot hers. Klose and Fevold (1945) report ed that Torula yeast grow n
either on molasses or prune juice was inadequate for op timu m growth of chicks.
Thi s inadequacy of the protein was corrected by the addi tion of either meth ionine
or meth ion ine-rich prot ein to the diet. They cited the studies of Ternperton and
Du dley, who found that Torul a yeast fed at 12 percent of to tal ration supported
egg producti on as well as 10 percent fish meal in a practical style layer ration .

Torul a yeasts from different parts of the world were tested by Goyco and
Asenjo (1947). Th ey found that two Torula yeasts, one from England and the other
from Puerto Rico, had nearly equa l nutritive coefficients . Th ough the nitrogen
content and digestibility of the various samples of yeast were qu ite similar, there
were marked differences in the bio logical values of the strains that were tested. In
another study (1949) , they reported that Torula yeast showed approximately the
same diges tibility and biologica l values as Brewer's yeast when tested on rats.
Torula yeast, however, was inferior in its net prot ein value and prot ein efficiency.

Using Torula yeast grown on a subst rate of spent liqu or from the sulphite
process employed in the conversion of wood pulp, Ringrose (1949) found that th is
yeast was inferior to soybean oil meal when each supplement was add ed to a basal
chick ration on the basis of its crude protein content. At 6 weeks of age, the growth
response of chicks fed Torula yeast was 79 percent of that obtained on the soybean
oil meal basal ration. In trials with laying chickens, no significant difference in egg
production was observed when the Torula yeast and soybean oil meal rations
contained meat scrap as a source of pro tein.

M ojonn ier, Hen drick, and Porter (1955) report ed that yeasts were relatively poor
sources of cystine and met hionine. Torula yeast was fo und to be low in arginine,
histidine, methionine, and tryptophan and high in valine, threonine, lysine, leucine,
and isoleucine.

CHICK STARTER AND GROWER TRIALS

Trial 1. Wire-Floor Study

Procedur e:

Three hundred sixty straight -run day-o ld New Hampshire chicks were wing
banded and rando mized by weight into 18 groups. They were housed in Oakes
wire-floor battery brooders for 3 weeks and then transferred into unhea ted gro wer
batte ries to 6 weeks of age. At that rime all chicks were vaccinated for fowl pox



T
A

B
L

E
1.

C
om

po
si

ti
on

o
f

ex
pe

ri
m

en
ta

l
st

ar
te

r
ra

ti
on

s,
tr

ia
l

1

E
X

P
E

R
IM

E
N

T
A

L
S

T
A

R
T

E
R

R
A

T
IO

N
S

IN
G

R
E

D
IE

N
T

S
!

1
2

3
4

5
6

7
8

9

B
re

w
er

s'
ye

as
t

0.
0

0.
0

0
.0

0
.0

0.
0

0
.0

0
.0

0.
0

22
.5

M
o

la
ss

es
ye

as
t

0.
0

3.
0

6
.0

9
.0

12
.0

15
.0

18
.0

22
.5

0.
0

S
oy

be
an

m
ea

l
22

.5
19

.5
16

.5
13

.5
10

.5
7.

5
4

.5
0

.0
0.

0
G

ro
u

n
d

ye
llo

w
co

rn
64

.5
A

lf
al

fa
m

ea
l

3.
0

H
er

ri
ng

m
ea

l
7.

0
D

el
lu

or
in

at
ed

p
h

o
sp

h
at

e'
1.

5
Io

di
ze

d
sa

lt
0

.5
M

an
g

an
es

e
su

lf
at

e,
gr

n
.

11
.0

R
em

ai
nd

er
of

ex
pe

ri
m

en
ta

l
ra

ti
on

s
2

th
ro

u
g

h
9

A
nt

ib
io

ti
c

su
p

pl
em

en
t,

gr
n

.!
20

0
.0

as
sh

ow
n

fo
r

ra
ti

on
1.

C
ho

lin
e

ch
lo

ri
de

,
g

rn
.!

20
0

.0
V

it
am

in
D

su
pp

le
m

en
t,

gr
n

.!
40

.0
V

it
am

in
B

"
,

gm
."

20
.0

V
it

am
in

m
ix

,
g

rn
.?

20
0.

0

C
al

cu
la

te
d

pr
o

te
in

,%
21

.3
9

21
.3

7
21

.3
6

I
21

.3
4

I
21

.3
3

I
21

.3
1

I
21

.3
0

I
21

.2
7

I
21

.8
3

'T
he

un
it

o
f

m
ea

su
re

is
po

un
d

(s
)

un
le

ss
ot

he
rw

is
e

sp
ec

if
ie

d
.

23
4

.0
%

C
a

an
d

1
7

.0
%

P.
"3

.6
m

g
.a

ur
eo

m
yc

in
pl

u
s

ap
p

re
ci

ab
le

vi
ta

m
in

B
'2

pe
r

po
un

d
.

•2
17

m
g

.c
ho

li
n

e
pe

r
gm

.
'3

.0
0

0
L

C
U

.
vi

ta
m

in
D

3
pe

r
gm

.
'1

0
m

g
.

B
'2

pe
r

po
un

d
.

'C
on

ta
in

ed
2

.0
0

0
m

g
.

ea
ch

of
n

ia
ci

n
,

ri
bo

fl
av

in
.

an
d

ca
lc

iu
m

pa
nt

ot
he

n
at

e;
10

,0
00

m
g

.
ch

o
li

n
e

ch
lo

ri
de

;
an

d
60

m
g.

fo
li

c
ac

id
pe

r
po

u
nd

.

> '"..., c "-e o ..., ::: o r- > '" '"t!1 '" -< t!1 &; ..., Z '"o c t"
" ..., '"-< '" ~ a ti V
I



6 HAWAII AG RICULTURAL EXPE RIME N T ST ATI ON

and moved outdoors into raised wire-floor grower pens. Each lot was provided
20 square feet of floor area to 12 weeks of age . Th e cockerels were removed at that
time and the pull ets continued as un culled lots to 18 weeks of age. Ind ividual bod y
weight and group feed con sum ption data were ob tained at 6, 12, and 18 weeks.
Variance analys es were based on Snedecor (1951) and differences between means
were tested for significance by the use of Duncan 's (1955) new multiple range and
multiple F test.

Th e ration s shown in table 1 were fed to duplicate lots of chicks to 12 weeks of
age, whi le those show n in table 4 were fed from 12 to 18 weeks. Starter ration s 1 to 8
differed only in the graded levels of molasses yeast! and soybean oil meal supplied
in each. Ration 9 was included to provide a comparison with rations 1 and 8.

Th e grower ration s shown in table 4 also prov ided graded concentrations of
molasses yeast and soybean oi l meal. Each rat ion was fed to du plicate lots in
accordance with the correspo nd ing rat io of molasses yeast and soybean oil incorpor
ated in the chick diets.

Result s of Trial 1:

Th e average weights of the male and female chicks at 6 weeks of age are shown
in table 2. Body weights tend ed to decrease as the level of molasses yeast was
raised beyond 12 percent, though these differences were not stati stically significant
up to 18 percent . Only those fed 22.5 percent were significantly lighter. Similarly,
efficiency of feed conversion tended to fall as the level of molasses yeast was raised.
In th is comparison, the lot s fed up to 12 percent mo lasses yeast compa red favorab ly
with the controls, wh ile the lots receiving the high er levels (rations 6 through 9)
were significantly less efficient .

Th e data recorded at 12 weeks of age are shown in table 3. The cockerels grew
as well as the controls on levels up to 22.5 percent of mo lasses yeast. Th e statistical
analysis showed no significant difference between the control and the mo lasses
yeast die ts. Only those fed 22.5 percen t Brewer's yeast (ration 9) were significantly
lighter than the contro ls. Amon g the pullets, all the experimenta l lot s grew as well
as the cont rols, indicatin g that these chicks were able to utilize molasses yeast
effectively even up to the complete exclusion of all the soybean oil meal in the
ration . No significant difference in feed efficiency was observed, although the rations
contai ning the high er levels of molasses yeast tended to be less efficient than the
control.

In comparing the result s obtained on ration s 8 and 9, no real difference in
performance was obtained . Wh ile the cockerels fed ratio n 8 were somewhat heavier
than those fed ration 9, the reverse observation was noted amo ng the pullets. These
differences were not statis tically significant .

1 T he Cuban molasses yeast fed in these trials co ntai ned 43.5 percent pro tein and was provided
through the co urtesy and generosity of the Francisco Sugar Compa ny, 106 Wall Sr., N ew
York City.
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TABLE 2. Performance of chicks to 6 weeks of age, trial 1

7

MEAN BODY WEIGHT BODY WEIGHT FEED NO. BIRDS DEAD/
AT 6 WKS. (GRAMS) INDEX EFFICIDICY NO. BIRDS TESTED

RATION AT TO 42 DAYS

0' 0' <;J <;J 0'0' <;J <;J 42 DAYS** OF AGE

1 802.0 696.0 100 .0 100.0 2.02 0 / 40
2 818.0 69 5.5 101. 9 102.9 2.00 0 / 40
3 81 9.0 666.5 102.1 98.6 1.99 0 / 40
4 815.5 697.5 10 1.7 103.2 2.00 0 / 40
5 798. 0 68 9 .0 99 .5 101.9 2.07 0 / 40
6 78 1.5 6 51.5 97.4 96.4 2. 12* 0 / 40
7 789.0 642 .5 98 .4 95 .0 2.18* 2/40
8 697.5* 623 .0 86.9 92 .2 2.37* 3/40
9 74 5. 0 * 64 1.5 92.9 94 .9 2.17* 0/ 40

Between rations:
Bod y weight 42 days 0' 0' F = 2.594 P 0.05 for 8 and 8 d.f.
Bod y weight 42 days <;J <;J F = 0 .007 P 0 .05 for 8 and 8 d.f.
Feed efficiency 42 days F = 4.763 P 0.01 for 8 and 8 d.f.

• Significant at the 5 % level.
.. ..Feed efficiency =: pounds of feed per pound of gain.

TABLE 3. Perform ance of cockerels and pullets to 12 weeks of age, trial 1

MEAN BODY WEIGHT BODY WEIGHT FEED NO. BIRDS DEAD/

RATION AT 12 WKS. (GRAMS) INDEX EFFICIENCY NO. BIRDS TESTED
AT TO 12 WKS.

0'0' <;J <;J 0' 0' <;J <;J
12 WKS.** OF AGE

1 2028.5 1498.0 100.0 100 .0 2.64 1/ 40
2 1977. 5 1516 .5 97 .5 10 1.2 2.69 0 / 40
3 1984 .0 1469.5 97.8 99 .1 2.70 2/40
4 2068 .0 1528 .5 101.9 10 2.0 2.64 1/ 40
5 190 7.0 1487. 5 94 .0 99.3 2.80 2/ 40
6 19 17.5 150 2.5 94. 5 100 .3 2.88 1/ 40
7 199 2.5 1474 .5 98.2 98.4 2.76 2/40
8 19 36.0 1443.0 9 5.4 93 .3 2.80 4/ 40
9 1892.0 * 150 7.0 93.3 100 .6 2.75 1/ 40

Between ration s:
Body weighr 0' 0' F = 2.437 P 0.05 for 8 and 166 d.f.
Bod y weighr <;J <;J F = 0.68 1 P 0.05 for 8 and 15 7 d.f.
Feed efficienc y F = 0.25 6 P 0.0 5 for 8 and 8 d.f.

• Signifi cant at the 5 % level.
• • Feed efficiency = pounds of feed per pound of gain.
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The average weights of the pullets ob tained at 18 weeks of age are shown in
table 5. Upon analysis, it was fo und tha t the differences in gro wth rate amo ng the
experimental groups were not sta tistica lly significant . The rate of grow th in this
study tended to decrease as the level of molasses yeast was increased beyond 15
percent. This trend may have been influenced in part , however , by the relationship
that existed at 12 weeks of age, particularly for the two lot s of pullets fed ration 17.

TABL E 5. Performance of pullers to 18 week s of age , rrial 1

MEAN BOD Y WE IGHT FEED
AT

BOD Y
EFFICIDICY

RAT IO N' 18 W KS.
WE IG HT

FRO M
(G M.)

INDEX 12-18 WK S.

10 2044. 5 100.0 7.21
11 2082 100.8 6.81
12 1989.5 97.3 6.91
13 2053.0 100.4 7.13
14 2020.0 97.2 6.73
15 2024.5 98.8 7.28
16 2020.0 98.8 6.83
17 1965.5 96. 1 7.30
18 2016.5 105.8 6.46

Berween rarions:
Body weight F = 0.714 P > 0.05 for 8 and 8 d.f.: no significant difference
Feed efficiency F = 0.289 P >0.05 for 8 and 8 d.f.: no significant diffe rence

' T wo repli cate groups red each diet.

Trial 2. Litter vs. Wire-Floor Study, Involving Cane Final Molasses and
Molasses Yeast

Procedure:

Inasmuch as 12 percent molasses yeast was fou nd to be the optimum upper
limit as a pound-for-pound substitute for soybean oil meal in rations fed to 12 weeks
of age , this level was selected in trial 2 to be incorporated into experimental chick
ration s conta ining 0, 8, 16, and 24 percent cane final molasses. These rations are
shown in tab le 6. Th us, ratio n 22 contai ned 24 percent cane mo lasses plus 12
percent molas ses yeast , a total of 36 percent sugar cane by-products in the to tal
ration.

Because the use of litter has been adopted for broiler production in Hawa ii
during recent years, in contrast to the use of wire floors, both systems of manage
ment were compared in this trial. Rosenberg and Palafox (1956) had shown that
the incorporation of cane final molasses beyond 10 percent tended to produce moist
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TABLE 6. Composition of experimental starter rations, trial 2

EXPERIMENTAL STARTER RATIONS
INGREDIENTS'

19 20 21 22

Hawaiian cane final molasses 0.00 8.00 16.00 24.00
Soybean oil meal 10.10 11.50 12.75 14.10
Ground yellow corn 65.52 56.24 47. 13 37.91
Ground oyster shell 0.60 0.45 0.24 0.04
Defluorinated phosphate? 1.28 1.31 1.38 1.45
Molasses yeast 12.00
Herring meal 7.00
Alfalfa meal 3.00
Iodized salt 0.50 Remainder of experimental
Manganese sulfate, gm. 11.00
Antibiotic supplement, grn. " 200.00 rations 20 through 22
Choline chloride, gm. ! 200.00
Vitamin D supplement, grn .! 20.00 as shown for 19.
Niacin, mg . 900.00
Calcium pantothenate, mg. 500.00
Riboflavin, mg. 160.00

Calculated protein, % 21.01 21.03 I 21.01 I 21.00

IT he unit of measure is pound (s) unle ss otherwi se specified.
234.0 % Ca and 17 .0 % P.
a3.6 mg . aureomycin plu s appreciable vitamin B12 per pound .
' 21 7 mg. choline per gm.
' 3 ,000 Leu. vitam in D, per gm.

droppings. Also, other trials had shown that coccidiosis was a problem when litter
reared chicks were fed high levels of cane final molasses. Thus , an interaction was
involved in these studies by adding two types of coccidiosraric drugs, as described
below.

This study, then, was conducted with 12 groups of chicks, involving three
systems of management. In treatment A four groups, each containing 30 chicks,
were reared in Oakes battery brooders to 21 days of age , in unheated wire-floor
grower batteries to 42 days of age, and in outdoor raised wire-floor grower pens to
70 days. In treatment B four lots, each containing 104 chicks, were reared in 6' X 10'
pens on litter under heat ray lamps to 28 days of age. They were then transferred to
9' X 10' raised wire-floor grower pens to 70 days. The chicks in this treatment
received 0.003 percent glycamide throughout the 70-day study. In treatment C the
chicks were reared on litter throughout the trial and received 0.0125 percent aqua
noxaline in the test rations . In treatment D, the chicks were treated as in C but
received 0.003 percent glycamide instead of aquanoxaline during the 70-day study.
In treatments C and D there were 52 chicks randomized into each of the respective
subgroups. All chicks were vaccinated for fowl pox at 6 weeks of age.

Each of the four rations shown in table 6 was fed, respectively, to four lots of
chicks. The results of this trial are shown in table 7.
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TABLE 7. Summary of dara ob tained from litter vs. wire-floor pens
at 10 weeks of age, trial 2

11

T REATMENTS*

A B C 0

Average body weig ht , gm.:
cockerels 1522 1460 1431 1494
pullers 1165 1137 1122 . 1166

No. birds dead/ roral birds resred 3/ 120 21/416 6/2 08 0/ 208
Pounds of feed per pound of gain 2.71 2.76 2.86 2.84

" No significant differen ce was observed between treatments in the economic characters studied.

Results ot Trial 2:

Th e analysis of variance of 10-week body weights showed no significant differ
ence either between rations, regardless of system of man agement, or between systems
of managem ent, regardle ss of ration s. Thi s study showed that with proper pre
cautions againsr coccidiosis it was possi ble to rear chicks on litt er to 10 weeks of
age, feeding as m uch as 24 percent cane final molasses plus 12 percent molasses
yeast , with results comparable to chicks raised on wire and fed comparable die ts.
Feed efficiency ranged from 2.71 to 2.86 (table 7). Birds raised on wire were the
most efficient. Th ose raised on liner and then transferred to wire were next, whereas
those raised on lin er throu ghout were the least efficient . These data corroborate
previou s results ob tained at th is station. Also, feed effi ciency of chickens became
poorer with increased con centrations of molasses in the diet.

LAYER TRIALS

Trial 1. Molasses Yeast Rations Conta ining Herring Meal

Procedure:

Three hundred forty-two 24-week·old New Hamp shire pullets were randomized
into 18 lot s according to weight and appa rent sexua l maturity. Each gro up was
hous ed in a raised wire-floor, wire-wall pen, 9' X 10' in size. All lots received the
control ration for 2 weeks in order to establish reliability of rand omization. The
test rat ion s shown in tabl e 10 were gradually int roduced during a 2-week period
and the n fed during the test int erval of 20 weeks. Each ration was fed to thr ee sub 
groups selected at rand om. As in the chick trials, the test ration s differed in the con
centrations of molasses yeast and the soyb ean oil meal they replaced . As shown in
table 8, ration 1 conta ined 14.2 percent soybean oil meal and no mol asses yeast ,
while ration 6 conta ined 14.2 percent molasses yeast and no soybean oil meal. All
the ratio ns contai ned 4.0 percent herring meal.
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Results of T rial 1:

13

Egg Production

The egg production record of the 18 lots of pu llets is show n in table 9. Following
20 weeks on the experimenta l diees, no significant difference in egg produ ction
was found between treatm ent s. Indeed, the th ree control subgroups averaged 68.4
percent hen-day egg production, while the lots receiving the high est level of
mo lasses yeast averaged 70.3 percent. No real effect of raeion s on egg size, frequ ency
of meat and blood spots, and sofe shell and broken eggs was detected (table 9).

TABLE 9. Summary of data obtained in trial 11

EXPERIMENT AL LAYER RAT IONS'
- - - --- - - - ---- - - ---

23 24 25 26 27 28
- -- - - - --- - - - ---

Average hen-J ay egg prod uction,% 68 .4 66 .7 69.6 67.5 70.8 70.3
Average egg weight , gm .' 55.1 53.6 54.8 55.9 54.9 54.9
Frequency of meat and blo od spors,%' 6. 2 7.5 6.9 6.5 6.5 7.1
Average soft shell and broken eggs ,% 9.6 8.1 8.2 8.5 12.2 8.4
Average gains of survivors, gm . 245.9 193.2 262.6 265.4 245.2 212.0
Average mo rtality ,% 17.5 22.8 15.8 14.0 19. 3 8.8
Pounds of feed per dozen egg s! 4.19 4.18 4. 16 4.09 4.06 4.07
Cost of feed per dozen saleable eggs $0. 283 0.281 $0.280 0.276 $0.274 0. 274

IN a significant difference between rations was noted in the eco nomic characters studied.
' Each rat ion was fed to three replicate gro ups from 28-48 weeks of age.
"Only eggs delivered to egg room included in an alysis.
' Derecred by cand ling all eggs deli vered to egg room .

Body weight

The data recorded for average gains of survivors by lots are shown also in
table 9. Upon analysis, these data showed no real difference either due to experi
mental rations or among replicates fed the same ration.

M ortality

Livabiliey was not adversely affected by the concentrations of molasses yeast
fed in this study. These data are shown in table 9. As may be seen the rein, the three
subgroups fed ratio n 6 suffered approximately one-half the mortality shown by the
controls. The lower levels of mort ality at the high er concentratio ns of molasses
yeast ind icated these differences cou ld be attributed to chance alone.

Efficiency of feed conversion

When the data of the three replicaee lots fed each raeion were averaged , as
shown in table 9, it was fou nd chat all the experimental rations containing molasses
yeast were more efficient chan the control. The analysis of variance, however,
showed no real difference either between treatments or replicates withi n treatments .
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Cost Offeedper dozen eggs

The cost analysis of the experimental rations was based on the price of ingre
dients charged the University of Hawaii. Because no cost factor was available for
the molasses yeast, the same price was assigned as for the soybean oil meal. The
data shown in table 9 revealed no significant difference among the experimental
rations in cost to produce a dozen saleable eggs.

Trial 2. Molasses Yeast Rations Without Animal Protein

Procedur e:

The same procedure of randomization was emp loyed in layer trial 2 with the
followi ng differences: At the time of randomizatio n the pullets were 31 weeks old;
the test period was sho rtened to 12 weeks; and 18 pullets were available for each of
the th ree replicates fed each ratio n. Rat ion s 7 th rou gh 12, as shown in tab le 8, were
fed during the test period.

No herring meal was fed in the second experiment. Thus, ration 7 contained
21 percent soybean oil meal and no molasses yeast, while ration 12 contained 21
percent molasses yeast and no soybean oil meal. This was done to test more rigo r
ously the nutritive value of molasses yeast when not protected by a source of
animal protein, in this instance herring meal.

Resu lts of Trial 2:

Egg production

Following 12 weeks on the experimental rations, no significant difference in
hen-day egg production was found. As may be seen in table 10, however, all' the
lots fed molasses yeast tended to lay somewhat less than the control. Egg weight,
frequency of meat and blood Spot eggs , and percentage of soft shell and broken
eggs proved not to be adversely affected by the exchange of molasses yeast for
soybean oi l meal, even to the complete replacement of soybean oil meal.

Body weight

The data collected on body weight are shown in table 10. The lots fed rations
30, 31, and 32 gained mo re, while those fed rations 33 and 34 gained less than the
control. These differences, however, were not statis tically significant.

Mortality

Livabili ty was also not adversely affected by the experimental treatments . As
may be seen in table 10, mortality among the lots fed graded levels of molasses
yeast ranged above and below the control, but these values proved to be nonsignifi
cant either between treatment or among replicates within treatments .
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TABLE 10. Summary of data obtained in trial 21

15

EXPERIMENT AL LAYER RATlONS2

-----------------------
29 30 31 32 33 34

---------------
Average hen-day egg production,% 73.80 68.50 72.13 69.76 67.93 69.90
Average egg weight, gm .' 55.16 55.37 55.82 55.57 56.05 54.59
Frequency of meat and blood spots,%' 5.61 5.08 4.26 5.31 5.18 6.09
Average soft she ll and broken eggs,% 6.03 4.62 4.99 7.18 5.69 6.82
Average gains of surviv ors, gm . 167.8 217.5 237.4 208.1 126.4 121.6
Average morrality, % 7.4 7.4 7.4 ILl 1.9 5.6
Po unds of feed per dozen eggs ' 4.39 4.64 4.79 4.84 4.53 4.60
Cost of feed per do zen saleable eggs $0.253 $0.263 $0.272 $0.257 $0.257 $0.261

"N o significant differen ce between rations was noted in the eco nom ic characters studied.
2Each ration was fed to three replicate groups from 3 1-43 weeks of age.
"Only eggs de liver ed co egg roo m included in an alysis.
' Derecred by candling all eggs del ivered co egg room .

Efficiency of feed conversion

All of the lots fed graded levels of mo lasses yeast were less efficient than the
controls in converting feed into saleable eggs . As shown in table 10, the controls
required 4.39 pounds of feed per dozen eggs, while those lots fed ratio ns 8 throu gh
12 required 4.64, 4.79, 4.84, 4.53, and 4.60, respectively. Nevertheless, upon analysis
of these data, there was no significant difference between treatments .

Cost of feedper dozen eggs

No statistically significant difference among the experimental rations was fou nd
in the cost of feed per dozen saleab le eggs. However, the control ration proved to
be the mos t economical, though the differences were small. As may be seen in
tab le 10, rations 30 through 34 were 1.0, 1.9, 0.4, and 0.8 cent more costly than the
control for each dozen saleable egg s produced.

DISCUSSION AND CONCLUSIONS

Starter and Grower Rations

Tria ll

The body weight data recorded at 12 weeks of age showed that male chicks
to lerated mo lasses yeast rather well, although growth rates comparable to the
controls were obtained on levels not exceeding 9 percent of total ration . Female
chicks, in contrast, grew as well as their controls on levels of molasses yeast ranging
up to 18 percent of tota l ration . Even at the complete substitu tion of soybean oil
meal, 22.5 percent of total ration , the growth of the test pu llets was 96.8 percent
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that of the controls . When the female chicks were continued to 18 weeks of age on
comparable levels of molasses yeast , though the rations were modified in accordance
with the nu tritive requ irements for growing pulle ts, the pullets fed rations 11
throu gh 15 grew as well as the controls. Even those fed ratio n 16, conta ining
15.0 percent molasses yeast, grew 98.9 percent as well as th e contro l. If growth
rate, per se, were evaluated in the light of well-grow n pull ets raised for egg produ c
tion, then ratio n 17, wherein all the soybean oil meal was replaced by mo lasses
yeast , also proved to be a good ration .

The data on efficiency of feed con sumption for male chicks to 12 weeks of age
and female chicks at 12 and 18 weeks of age showed that substitution of molasses
yeast for soybean oil meal, on a pound -for-pound basis, did not adver sely affect
the result s.

The results of this study revealed that molasses yeast , protected by herring
meal (7.0 percent in chick ration s and 4.0 percent in grower ration s), could success
fully replace 40 percent of the soybean oil meal in cockerel ratio ns to 12 weeks of
age and 100 percent of the soybean oil meal in pu llet ration s to 18 weeks of age.
Th ese observations ind icate that male and female chicks, when raised separa tely,
may be advantageously fed different levels of mo lasses yeast. Were a price differentia l
available, the alternate use of one for the ot her cou ld be used to advantage. Even at
the same price, this study showed that mo lasses yeast could replace soybean oil
meal qui te effectively, as indicated above, when chicks are raised exclusively on
wire. The data also indicated that the substitution of molasses yeast for soybean
oil meal beyo nd 40.0 percent resulted in a retarded growth rate among male chicks,
although the differences were not stati stically significant.

Trial 2

Th is investigation revealed that it was possible to inco rporate as much as 24
percent cane final mo lasses and 12 percent mo lasses yeast in rations fed to chicks
that were reared on litter througho ut to 10 weeks of age with results comparable to

lots reared on raised wire floors. Although the moist droppings from chicks fed
ratio ns 21 and 22 tended to compact the lit ter and create a somewhat undesirable
appearance, no adverse effects on livability and growth were noted. Apparently , the
inclusion of coccidiostatic drugs in the feed from 1 day of age , particularly glycamide,
proved adequate to prevent coccidiosis. Thus, it may be assumed tha t as muc h as
36 percent of starter rat ions can be composed of suga r cane by-produ cts to the
exclusion of a like amo unt of gro und yellow corn and soybean oil meal.

La yer Rat ions

From the results ob tained in the layer trials , it may be concl uded that mo lasses
yeast, supplemented by 4 percent herring meal , may be used successfully as a
partial or complete sub stitu te for soybean oil meal. By all the standards of compari
son used in this study, the rations containing graded levels of molasses yeast
compared well with the COntrol. No real differences were found in egg production,
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body weight gain, livability, efficiency of feed uti lization, and cost of feed per
dozen saleable eggs produced.

Apparently, herring meal provides certain essenti al amino acids lacking in
mo lasses yeast . As previo usly ind icated , Mojonnier, et at. (1955) reported that
Torula yeast was found to be low in arginine, histidine, methionine, and tryptophan.
This observation is given further support by the results obtained in trial 2 on egg
production and efficiency of feed conversion into eggs . For these traits, mo lasses
yeast not supplemented with herring meal tended to be less satisfactory than soy
bean oil meal. Although nor sta tistica lly significant, it was nonetheless un iformly
observ ed that egg production, with the exception of ration 9, ranged 3.9 to 5.9
percent below the control, and the cost of feed per dozen eggs for all the mo lasses
yeast rations ranged from 0.4 to 1.9 cents higher. No real effect or uniform trend
was observed for such traits as egg size, meat and blood spot eggs , percentage of
soft shell and broken eggs, and body weight increase .

These findings support the conclusion tha t molasses yeast , if properly priced in
com parison with soybean oil meal , can become a valuable source of plant pro tein
in chick, grower, broiler, and layer rations, provided adequate supplementation of
certain essential amino acids is provided. He rring meal, at 7 percent in chick
rations and 4 percent in grower and layer ratio ns, provided adequate supplementation
to permit the complete substitution of molasses yeast for soybean oil meal with
optimum results. From this it follows that molasses yeast, readily produced on a
substrate of cane final molasses , could be produced for use in poultry rations
whereve r sugar cane is grow n. This finding has wide applicability and importance,
moreover, because pro tein , per se , tends to be limited among the natural products
and by-products produced agriculturally in the tropical natio ns. If economically
feasib le, this findi ng may contribute toward greater self-sufficiency and , thus, greater
economic stabi lity amo ng communities , such as Hawaii, where plant protein is
nearly lacking and therefore must be imported .

SUMMARY

Graded levels of mo lasses yeast substitu ted for soybean oil meal on a pound-for
po und basis were fed to replicated gro ups of straight-run New Hampshire chicks .
Supp lemented with 7 percent herri ng meal, the test ratio ns, conta ining up to
22.5 percent molasses yeast , supported growth well to 12 weeks of age . Amo ng
male chicks, however, the upper level of subs tit ution that provided grow th rates
equal to the controls appeared to be 9 percent of total ration or 40 percent of the
amount of soybean oil meal included in the control ration. Among the female
chicks, the test rations were essentially equal to the controls even at 100 percent
substitution . Pullet chicks continued from 12 to 18 weeks of age on comparable
levels of subs titution, supplemented with 4 percent herring meal, grew 98.9 percent
as fast as the contro ls when 85.6 percent of the soybean oil meal was replaced by
mo lasses yeast. Even at complete replacement, the pullets weighed 96.3 percent as
much as the controls. Pullets fed 22.5 percent Brewer's yeast were heavier than those
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fed molasses yeast, though the differen ce was not statistically significant. No
significant difference in feed efficiency was noted among the treatments at either
12 or 18 weeks.

Chicks reared to 10 weeks of age eith er on wire floors, on litter to 4 weeks and
then transferred to wire floors, or on litt er floors only showed no real differences in
gro wth rate and efficiency of feed util ization when fed ration s contai ning graded
levels of cane final molasses up to 24 percent of total diet plu s 12 percent molasses
yeast. Th e inclusion of 0.003 percent glycamide as a coccidiostatic drug appeared
to support somewhat superior growth rates than 0.0125 percent aquano xaline when
these compounds were included in the test diets throughout the 10-week study.

In a layer experiment last ing 20 weeks it was found that molasses yeast supple
mented with 4 percent herrin g meal successfully replaced all the soybean oil meal
included in the control rat ion . N o statistica lly sign ificant difference attrib utab le to
expe rimental ration s was obse rved for such characters as hen-day egg production ,
egg weight, meat and blood spo ts, soft shell and broken eggs, increase in body
weight, and mortality. Effi ciency of feed conversion into saleable eggs was also not
adversely affected. When the cost of feed per dozen saleable eggs was compared,
molasses yeast ration s 24 throu gh 28 produ ced a dozen eggs on the average 0.2,
0.3,0.7,0.9, and 0.9 cent cheaper, respectively, than the control.

In a second layer trial lastin g 12 weeks, no herring meal was included in the test
rations . All the lot s fed graded concentrations of molasses yeast tend ed to lay
less well than the controls, altho ugh the differences were not statistically significant.
Egg weight, meat and blood spo ts, and soft shell and broken eggs pro ved not to be
ad versely affected by the exchange of molasses yeast for soyb ean oil meal, even to
the complete exchange of soybean oil meal. No real trend was noted in livability
and body weight increase of survivo rs. All the lot s fed the molasses yeast ration s
were less efficient than the soybean oil meal control, altho ug h the differences were
also not statistica lly significant . Most impor tant, rations 30 th rough 34 were foun d
to be 1.0, 1.9, 0.4, 0.4, and 0.8 cent more costly than contro l rat ion 29 for each
dozen of saleable eggs produced. .

Th ese data suppo rt the conclusion that molasses yeast may be used quite
effectively as a subs titu te for soybean oil meal, as described in these stud ies, when
protected by the inclus ion of herring meal at 7 percent of total diet in chick and
broiler rat ion s and 4 percent in grower and layer ratio ns.

Th ese findings may find greatest usefu lness in tropical region s where cane final
mo lasses is produced and plant pro teins are deficient .
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