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‘Role of Microbial Fermentation in Tiiiprovetnent of Harley by 
Water Treatiiietit.*t (25458) 

Fry ct d.( 1 ) showed that the nutritional 
value of barle?. for chicks was improved by a 
simple water treatment. Similar results were 
obtained by other workers ( 2.3 *4 ) .  Since 
studies on the mechanism(s) inlwlved in im- 
provement were not reported, experiments 
were conducted to investigate the role of mi- 
crobial action. 

Jlr thods.  Alicrobial counts on samples of 
ground barley treated in different ways were 
made to correlate improvement in nutritional 
value with microbial growth. Two treated 
samples were taken from the drying oven in  
sterile 2 50 nil Erlenmeyer fasks containing 
glass beads. The flasks were shaken 2 hours to 
grind large aggregates to fine particles. Serial 
dilutions were made of weighed samples and 
bacterial counts determined, using tryptone- 
glucose extract agar and incubating 41 hours 
a t  37°C. No attempt was made to enumerate 
fungi. Since Kent-Jones and Anios ( 5 )  found 
R.  subtilis and R. vtrscl-itcric-zis coinmon in- 
habitants of wheat flour, R. subtilis (ATCC‘ 
9943) and an unidentified, spore-forming. 
Gram positive rod isolated from our feed 
preparation area. were used to inoculate bar- 
ley in 2 experiments. Treatments involving 
addition of water to grain consisted of adding 
1s parts liquid (50°C‘) to I part coarsely 
ground grain, mixing, spreading approxi- 
mately g’’ deep on trays, and drying in a 
forced draft oven for 24 hours a t  70°C. The 
treated grain was reground through a ;6’’ 
screen and mixed in the diets. IVet barley 
was autoclavecl in trays (Tables I and H I ) ,  
or metal 30 Ib egg cans (Table TI) to facili- 
tate sterilization. Hot sterilized barley in cans 
was inoculated with culture material, aseptj- 
cally mixed. sealed, stood 4 hours a t  rooni 

* Scientific Paper No. 1902, I\-ashington Agri. Exp. 
Stations, Pullman. Project S o .  1291. 

t Portions of thesc data prcsented at 48th Annual 
Meeting Poultry Sci. Assn., Iowa State University, 
Ames. 
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T.1 f;l,!L I .  I1:ffwt of Various Treatments of Bar- 
Iry 011  Micro l~ iu l  C’oiiiit and Chick Growth. 

Avg wt Organism 
I )ict 2 it-k (g) X 106/g 

‘ ,\ utoclavccl 1 ( I  p.s.i., lh hr. 

temperature, spread on trays, and placed in 
drjring oven. Two 20-hr nutrient agar cul- 
tures were swirled separately for 2 minutes 
with 50 ml 0.5% peptone water each; both 
were added to barley as the inolculum. Barley 
autoclaved in trays was removed and dried 
immediately in the oven. The large inoculum 
added directly to dry barley diets was 2 sepa- 
rately grown 200 ml, 36-hr nutrient broth cul- 
tures: the small inoculum was olne 100 ml cul- 
ture. Fungal enzyme: (fungal amylase) was 
used as positive control, since our previous 
work has shown it  improves the nutritional 
value of dry barley diets(6). Day-olld New 
Hampshire Chicks of both sexes were ran- 
domly distributed into groups of 10 birds each, 

‘ l ’ . l L ; l X  TI. Effcct of Bacterial Additions to  Ster- 
i It. I ~ a r l w  011 Chick Growth and Feed Efficiency. 

Drying Feed 
temp. Avgwt  ___ 

12arley treatment (“C) 27vk ( g ) Q  gain 

Yont~  84 
St t~riliztvl, inocul:i ted* $ 95 84 

* ’  :i 70 93 
t 70 112 

’ ,: I I  ” * 70 113 
~’11iig:iI amylase (4.4 g/kilo) 108 
\Vat cr- trcat ment 70 110 

3 ,  + 9 9  

J +  

2.24 
2.13 
2.05 
1.74 
1.78 
1.85 
1.71 

* TTiiitl en t i fied o rga~lisni. 

S o  standing period. 
t K. ~ l l b t i l i s  (ATCC-9943). 

d Tw:itriiciits within a common braekct are not 
4giiificantly diff w e n t  from each other. Treatments 
wit,liout LL c10nirrion bracket are statistically signifi- 
c a n t  at the (P <.01) level. 

l 1  Autoclaved 15 p.s.i., hr. 

$ Merck Sharp and Dohme, Rahway, N. J 
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TABLE 1J1.  Effect of Adding Whole Bacterial 
Cultures to Dry Barley Diets and Autoclaving 
Water-Treated Barley on Chick Growth tmd Feed 

Efficiency. 

Feefl  

Barley tre:ttiiient or addition 2 wk (g)“  gain 
A v ~  ~t __- 

400 nil media 
IVo11e 
100 ml culture 
400 ” ” 

h’ungal aniy1:ise (4.4 g/k) , 

1V:fiter-treatrtl 1):nrlep 
Fungal amylase (4.4 g/k)  
Water-treated (dried), steri- 

lized (125v0 H,O),t dried 
95°C 

Water-treated (dried), steri- 
lized (25fz H,O), t air dried 

Watrr-treated, 400 ml culture 

400 n1l culture 

108 2.18 
109 2.0,5 
I 1 6 1 .% 
125 1.96 
130 1.88 

131 1.70 
134 1.78 
134 1.76 

135 1.79 

137 1.74 

* Treatments within N coinnioii bracket are i ~ o t  
significantly cliff erent from each other. T rea t i~en t :~  
without a c oxnnion bra cke t are st atistic ally signifi- 
cant :it the (P <.05) level. 

Dry water-trwtccl 
barle3- c’oiitains 470 moistnre. 

t Autoclaved 15 psi.,  1h hr. 

3 replicates/diet, and placed in electrically- 
heated batteries with raised wire floors. Con- 
tinuous lighting was provided and feed and 
water supplied ad Eib. A basal diet of follow- 
ing percentage composition was used: 63.5 
barley, 25.5 dehulled soybean oil meal, 5 her- 
ring fish meal, 1.75 dicalcium phosphate, 1.15 
limestone, .3 salt, .I 1 DL-methionine, .02 5 
manganese sulfate, and a vitamin mix sup- 
plying 2650 I.U. Vit. A, 660 I.C.U. Vit. D, 11 
LIJ. Vit. E, 8.8 mg riboflavin, 10 mg panto- 
thenic acid, 33.2 mg niacin, .66 mg folk acid, 
884 mg choline chloride, and 22 mg procaine 
penicillin/kilo diet. Experimental data from 
Tables I1 and I11 were statistically analyzed, 
using Duncan’s ( 7 )  Multiple F Test. 

Results. Microbial coiunts markedly in- 
creased when barley was water-treated, steri- 
lized (dried) and water-treated, or sterilized 
and supplemented (inoculated ) with fungal 
amylase (Table I).  Average weight of chicks 
fed diets containing these barley samples cor- 
relates positively with count data. The rela- 
tively large counts obtained would not be pre- 
dicted since an oven temperature of 70°C was 
employed. Perhaps microbial growth occurred 
because evaporative loss olf moisture from bar- 
ley lotwered the internal temperature of the 
wet grain to less than 70°C during the first 

few hours olf drying. The sterilized barley 
was probably contaminated during transfer 
frolm autolclave to drying oven, since no pre- 
cautions were taken to prevent contamination. 
The fungal amylase supplement added to 
sterilized [barley was not a sterile product and 
greatly increased counts. 

When an inoculum of peptone washed cul- 
ture ( 100 ml - 2 x 101% organisms ml) con- 
taining either B. suhtilis (ATCC 9943) or the 
unidentified organism was added to sterile 
barley and allowed to stand 4 hours prior to 
drying (Table 11), chick growth and feed 
utilization were significantly ( P < .O 1 ) im- 
proved. Improvement of barley by inocula- 
tion with either organism was comparable to 
that of water-treating barley or enzyme sup- 
plementation. Since inoculum was added to 
extremely hot barley, growth of microorgan- 
isms was possibly the result of germination of 
spores. Additioin of the unkno’wn organism to 
sterile (wet-autoclaved) barley which was 
subsequently dried a t  95°C did not improve 
growth. 

Possibly the organisms used contributed 
enzyme(s) to the barley which in some man- 
ner acted to improve its nutritional value. A 
proteolytic enzyme has been crystallized from 
cultures of B. subtiZis( 8)  which is partially 
effective in improving growth of birds fed bar- 
ley ( 9 ) .  This improvement may occur during 
water-treatment since the unknown organism 
was isolated frolm barley itself. 

Addition of a small (100 ml-2 x lo7 or- 
ganisms/ml) culture of the unidentified or- 
ganism directly to dry barley diet, improved 
growth and feed efficiency (Table 111). A 
significant (P< .05) growth response, similar 
in magnitude to that obtained with dry fun- 
gal amylase, was obtained when a large (400 
ml--2 x lo7 organisms/ml) culture was add- 
ed. When dry diets containing water-treated 
barley or fungal enzyme were inoculated with 
the unknown organism, no significant im- 
provement in growth was obtained. Auto- 
claving previously water-treated and dried 
barley in the presence of 25  or 125% added 
moisture did not lower its nutritiofnal value for 
chicks. The nutritional value was not re- 
duced by autoclaving. Therefore, it appears 
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that barley was improved prior to incorpora- 
tion in the diet and improvement did not de- 
pend on microbially produced enzymes acting 
in the digestive tract of the chick. 

Only 100 ml of 20-hr peptone n7aqhed cul- 
ture significantly ( l '< .01 ) improved the nu- 
tritional \,slue of sterile barlej- in Exp. 2 (Ta- 
ble TI). Thus. it is highly probable that 
micro o r ga n i s ni s g r e w in wet 1) a r 1 e j- . 1) e r ha p s 
producing enzymes. which coulcl have acted on 
the barley substrate during drL-inq. Eyp. 3 
(Table 111) showed that 400 nil of nutrient 
broth culture gave a significant (P< .05 ) 
growth response. presumabl>~ a result of en- 
zymes produced during incubation of the 
stock cultures . 

The data demonstrate that microbial fer- 
mentation is effective in impro\Tement of bar- 
ley by water-treatment. This. however. does 
not eliminate the possibility that enzymes en- 
dogenous to liarley maj. also play a role in 
improving the nutritional value of this grain 
by water-treatment. Both phenomena could 
conceivably take place simultaneously. 

Surnnzary. Il'ater-treated barley taken from 
drying oven contained manj- more bacteria 
than untreated barley. even though drying 
temperature was TO C. The nutritional value 
of sterilized barley inoculated with Gram-posi- 
tive rod isolated from dust, or with R .  mbti l is  
(ATCC 99.13) and dried a t  70 c' was highly 

significantly improved. Large inoculations of 
the organism isolated and grown in nutrient 
broth elicited a significant growth response. 
This response was not as great as that ob- 
tained by water-treatment or addition of fun- 
gal enzyme to the feed. Autoclaving did not 
lower nutritional value of water-treated bar- 
l e j ~ .  This fact indicates that the change(s) 
responsible for improvement was effected 
prior to feeding and was not due to presence 
of an enzyme ( s )  produced during treatment 
process that later acts on barley in the diges- 
tive tract of the chick. 
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Antibody Response to Influenza Vaccines Combined with Hexadecylainine. 
(2.5459) 

ALLEN F. WOODHOUR, KEITH E. JENSEN AND JOEL WARREN 
Biologics Rescarrh Dept., Chns 

Certain lipids. including cholesterol, pal- 
initic acid, stearic acid, and longer aliphatic: 
amines, such as hexadecylainine (HD,4) have 
been shown by J-ounqner and Koll to possess 
an  affinity for several m>xoviruse.c: ( 1.2.3 1 ,  
Such vi r u s - 1 i 13 i tl c o i i i  p1 e ses i ii c r e a se an ti gen i - 
city, in an as yet unknou n manner. to a level 
greater than that of equal amount of virus 
alone. This reaction is also notable in that 
large amounts of viral antigen can be ad- 

Pfizrr  €Y Co., Twre Haute, Ind .  

rarbed to a given quantity of HDA( 3 ) .  These 
observations have an  immediate bearing on 
the problem of enhanced potency of influenza 
vaccines. In an earlier study we reported 
preliminary observations on cholesterol con- 
taining vaccines ( 2 ) .  The  following report 
describes the responses of man and animals to 
formalin-inactivated influenza viruses mixed 
with hexadecylamine, since, in comparative 
adsorption experiments, this compound ex- 


