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The soluble and dispersed nitrogen and carbon components in the filtrate
fraction of cattle feedlot waste are a potential nutrient source from which
single-cell protein could be produced for animal feeds. The ability of more than
200 fungi and streptomycetes to grow in this liquid was determined; these
included isolates from the waste and associated sources, as well as organisms
maintained in the Culture Collection of the Agricultural Research Service in
Peoria, HI. Utilization of waste nutrients was measured by changes in nitrogen
content and chemical oxygen demand. Only 20% of the organisms were able to
grow appreciably in the filtrate. Of these, dry-weight yields varied from 0.6 t0 2.7
g of mycelium per liter; from 21 to 50% of the nitrogen in the filtrates was used
during growth, whereas chemical oxygen demand levels diminished from 4 to
60%. In general, streptomycetes isolated from the feedlot used nutrients from the
filirates better than fungi did. Addition of readily available carbon sources such
as glucose or whey significantly increased (as much as sixfold) cell yields of
selected organisms and promoted better utilization of nitrogen (from
two- to threefold); the effect on chemical oxygen demand varied (0 to 33%

per
lot

increase).

Livestock production centers must cope with
huge quantities of waste which offer a pollution
hazard and a disposal problem (8, 7, 13, 15).
Biological treatment by oxidation ditches and
lagoons to stabilize the waste before land dis-
posal is the most common system used (6, 9).
We have enumerated and identified the mi-
crobial groups in feedlot waste (FLW; 8, 12),
but not the ability of individual aerobic orga-
nisms to grow on feedlot pollutants. Organisms
grown on waste pollutants might provide a
source of microbial protein for animal feed while
decreasing the pollution potential of the mate-
rial. In a survey of isolates from waste and
others from our Culture Collection, we sought
filamentous organisms that could reduce pollut-
ants and filter easily for cell recovery. More
than 200 fungi and streptomycetes were studied
for their ability to use nitrogen and organic
material in the waste, the latter being measured
by chemical cxygen demand (COD). The pro-
duction of cell mass and the effect of adding
glucose and dairy whey to waste filtrates also
were investigated.

(This paper was presented at the 1974 Annual
Meeting of the American Society for Microbiol-
ogy in Chicago, Il1.)

MATERIALS AND METHODS

Source of microorganisms, Samples were taken
from pens of a cattle feedlot located near Peoria, Il
(12). Fungi were isolated from plates of Mycophil
medium (pH 7.0; Bioquest, Div. of Becton, Dickinson
and Co., Cockeysville, Md.) to which has been added
0.2 mg of dihydrostreptomycin sulfate and 330 U of
penicillin G per ml. A salts-starch agar (11) amended
with cycloheximide (0.5 mg/ml) was used to isolate
streptomycetes.

Preparation of liguid waste for fermentation.
Feedlot manure (21 to 40% solids) was diluted with
distilled water to a solids content of 15%. After it was
mixed to break up lumps, 15% (wt/vol) diatome-
ceous earth was added to aid separation. Filtrate
obtained by suction filtration through filter paper
(Whatman 54) served as substrate for the fermenta-
tion studies. The pH ranged between 6.0 and 6.8. The
filtrate presented a qualitatively predictable sub-
strate without the particles which would make equiv-
alent samples difficult to obtain.

Survey of organisms. Initially the ability of orga-
nisms to grow in FLW filtrate was evaluated in two
ways. (i) Streptomycetes isolated from feedlot sites
and fungl from the Agricultural Research Service
Culture Collection were first grown on agar prepared
with FLW filtrate as the sole nutrient source. Those
which visibly grew well were further tested in liquid
fermentations. (ii) Fungi isolated from feedlot sites,
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together with streptomycetes and fungi selected from
(i), were grown in sterlle FLW filirate in single,
shaken test tubes (10 ml in tubes 25 by 150 mm).
Inoculum was provided by 1-week-old pl e and slant
cultures. Tubes were shaken on a rotar haker (200
rpm, 5-cm displacement) at 28 C. After 7 days,

;elne'xtation samples were brought back to volume
distilled water, and the myvcelium was recovered
by vacuum filtration through Whatman 54 paper. Cell
masses were dried at '103 C ovemicht Filtrate was

preliminary survev were L‘tb&“ e»alha»ed in duDh-
cate flask fermentations. Flasks containing FLW
filtrate (50 ml in a 300-ml Erlenmeyver flask) wers
ino culaned with 2% (vol/vol) washed and blended
mycelium. The :nycehal inoculum was grown in a
medium of 2% glucose, 0.1% peptone, 0.1% yeast
extract, and 2% malt extract. Flasks were incubated
on a rotary shaker at 28 C; the contenis were analyzed
for nitrogen and COD as were the tube cultures

RESUL

Survey. Swap‘tomvcetes isolated from FLW

were streaked on agar plates made with waste
filtrates. Of 59 cuhmes 35 grew well and were
transfe 1ed to FLW ultrate in tubes. Kight
isolates produced more than 2 g of cell mass per
liter in the liquid. Filtrates of these were lower
in nitrogen and COD content than initial levels
by 37 to 50% and 53 to 60%, respectively.
Mycelilum weight ranged from 2.0 to 2.4 g/liter
(Table 1).

Only 17 of 170 fungi from the Agricultural
Research Service Culture Collection, streaked
on waste filtrate-agar, grew well; the test or-
ganisms represented 14 different genera. The 17
fungi were incculated into tubes of FLW fil-
trate. Nitrogen and COD levels were diminished
below initial values by 31 to 58% and 4 to 52%,

TasLe 1. Ranges in cell mass and reductions of
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respectively. Cell mass ranged from 0.7 to 1.9
g/liter.

Isolates of fungi from feedlots were grown on
FLW filtrates supplemented with 0.6% glucose
(Table 2). They p*oduced more cell mass and
lowered COD and nitrogen levels further than
fungi grown in waste liquid without added

ing nit al
Addition of glucose increased cell mass a
creased nitrogen and COD levels more.

Fusarium oxysporum grew twice as

viride and F. cquaeductuum and was 2 to 3
times as effective in diminishing pollution po-
tential. F. oxysporum, an isolate from FLW,
reauced COD 1exels by one-half in 1 week of
fermentation (Table 4). Addition of glucose
vielded more cell mass and greater use of
nitrogen from the waste; however, residual COD

was not lowered.

Common nutrients that might be U
were added to FLW filirate; these mixt
were fermented for 1 week with #. oxysporum.
Levels of COD were diminished b half in all
flasks (Table 5). Nitrogen content was lowered
by 37% with FLW filtrate without additives.
Glucose alone and in combination with peptons
and phosphate diminished nitrogen and COD
levels by 44 and 47%, respectively, and pro-
duced more mycelium than in the control
flasks. Addition of ammonium ion diminished
nitrogen levels by 28% as compared with 37%
for controls, but phosphate supplement allowed

COD¢ and nitrogen in FLW? filtrate by fungi and

streptomycetes
] Cell mass Nitrogen (mg/ml) COD (mg of O liter)
Organism Source® (/iiter) — - — -

Initial Final Initial Final

Fungi Agricultural Research Service
Culture Collection (17) 0.7 0.45 0.31 7,250 6,800
1.9 0.19 3,500

Fusarium oxysporum

NRRL 5836 FLW (1) 2.7 1.04 0.66 17,200 8,700
Streptomycetes FLW (4) 2.0 0.38 0.25 7,500 3,500
2.4 0.19 3,100
Streptomycetes Pen core (3) 2.3 0.38 0.21 7,500 3,200
2.4 0.19 3,000
Streptomycetes . Runoff (1) 2.1 0.38 0.24 7,500 3,200

¢ COD, Chemical oxygen demand.
® FLW, Feedlot waste.
¢ Numbers represent strains or isolates tested.
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312 2. Ranges in cell mass and reductions of COD*® and nitrogen by fungi grown in FLVP filirate
supplemented with glucose

Nitrogen (mg/ml) COD (mg of Oy/liter)
Isolates from feedlot sites® Cell mass (g/liter)

Initial Final Initial Final

Aspergillus (9) 2.7 0.67 0.42 15,200 6,700
4.8 0.33 5,000

Alternaria (1) 4.2 0.34 4,400
Fusarium (2) 2.4 0.44 6,350

4, 0.25 5,750

Trichoderme (1) 2.3 0.48 7,450

¢ The COD is increased by 1,067 mg of O//liter for each 1,000 mg of glucose added; 97% of this value is
measured by a method given by the American Public Health Association (1).
® FLW without glucose had a COD of 8,800 mg/liter; 0.6% glucose was added.

¢ Numbers represent isolates tested.

TasLe 3. Growth of Trichoderma viride NRRL 3652 and Fusarium aquaeductuum NRRL 2503 on FLW filtrate
supplemented with glucose

Organism Glucose Incubation Cell mass Nitrogen (mg/ml) COD (mg of O/liter)®
(% (days) (gfliter) | poial | Final | Initial Final
Trichoderma viride
NRRL 3652 0 3 0.68 0.47 0.41 7,650 6,500
7 0.86 0.37 §,300
0.5 3 2.60 0.26 12,100 4,600
7 3.72 0.28 4,700
1.0 3 4.79 0.19 17,800 4,300
7 3.78 0.25 4,600
Fusarium aquaeductuum
NRRL 2503 0 3 0.36 0.47 0.46 8,700 8,800
7 1.64 0.37 5,200
0.5 3 2.43 0.30 14,800 9,100
7 3.73 0.18 5,200
1.0 3 2.07 0.18 19,600 16,400
7 5.65 0.18 5,150

¢ COD increased by 1,067 mg of O,/liter for each 1,000 mg of glucose added; 97% of this valug is measured by a
method given by the American Public Health Association (1).

TasLe 4. Growth of Fusarium oxysporum NRRL 5836 in FLW filtrate supplemented with glucose

Nitrogen (mg/ml) COD (mg of Oy/liter)®
Glucose (%) Cell mass (g/liter)
Initial Final Initial Final
0 2.7 1.04 0.65 17,200 8,300
0.1 3.5 0.58 18,250 8,450
1.0 6.0 0.56 27,600 9,200
3.0 13.3 0.37 48,300 10,700

¢ COD increased by 1,067 mg of O./liter for each 1,000 mg of glucose added; 97% of this value is measured by a
method given by the American Public Health Association (1).

a nitrogen uptake of only 20%. Whereas myce-
lium production with addition of NH,* was
little different from that with peptone, added
phosphate gave the least cell mass.

Filtrates obtained from heated FLW, as com-
pared with unheated material (Table 5), con-
tained more nitrogen (78%) and organic mate-

rial (40%, measured as COD). F. oxysporum,
grown 1 week on filtrate from heated FLW, took
up one-third more nitrogen and one-tenth less
COD substances than in unheated liquid. Myce-
lium production was the same with both fil-
trates.

When a sterile mixture of dairy and FLW



. Effect of treatment or supplementation of FLW fi
Fusarium oxysporum

Additive or treatment® Cell mass (g/liter) nH
1.04 7,200 8.3
2.7 0.85 37 8,800 8.7
3.0 0.70 33 8,900 8.9
2.5 0.83 120 9,000 8.8
3.5 0.58 44 8,500 8.2
3.8 0.56 47 8,400 51 9.0
2.2 .78 28 9,200 45 8.9
ile FLA
(2.5:1, vol/vol)
Frozen cont ol 0.83
?e' 0.32 81 81
on comrol 0.78 25,800
E‘ermented 0.24 62 1,050 88
Mot heated
No incculum 0.81 16,800 8.2
Fermented 1.8 0.33 42 7,460 56
Heated
No inoculum 1.81 8.4
Fermented 1.8 1.10 32 58 8.8

not autoclaved.
used standard p

Xysporum
i ade inl WE:L

F }sporum moculat d
f unsterile dairy liquid a

ﬂ overgrew other organism

growth, nitrogen and C{)D mat

;is’ned 5' a"ld 96 %o, Tespe t

g anism, had an equivalent

but less organic material. fowever, limited

Dairy whey was fractionated by dialysisinan gr in situ was indicat
Amicon apnaratus a“ld combmed with waste e t number of o*ga“ o
filtrate in ratios of 1 iot regardless of sea 123,
produced 6.4-fold 1ch we‘s isolate the
ates

utlhzat;on of s* ‘v"" lirates. Dialysates ar i els, b t ;ozmed More rnycelium
; ” -
Ul

of 'vhey gave similar results. Thus, ir\ were not adapted to FLW
vields of rnycehum from combmed wa ith glucose reduced pollut-
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