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Why Dairy Waste (or Why ANY
waste for that matter)

¥ The waste streams produced by livestock affect the environment in many
ways
¥ Association with pathogens:
-E. coli, Salmonella spp., Campylobacter spp., Mycobacteria
¥ Other environmental impacts:
- Odors produced from the waste

- Overproduction of biosolids that cannot be applied to fields (transporting this
excess material is expensive)

- Increased amount of these biosolids which can @eakQinto the surrounding
environment

- This @eakingQcan introduce nutrients (nitrogen, phosphorous, potassium,
ect.) in excess into the environment leading to other problems

¥ In California, they have approx. 2.5M cattle, each farm has around 1,000
cows, each cow produces around 37kg of waste a day. This translates to
37,000kg/farm/day or 13.5M kg of waste per year.



¥ So the overarching questions are QVhat to
do with the waste/ How is it treatedO

¥ The focus of this paper Is to see how both
the microbial populations and the
chemistry of the waste stream Is effected

by different treatment methods (aerobic
and anaerobic digestion)



Treatment Setup

¥ Waste Material was
collected and loaded into
the feed tank weekly

¥ Waste was pumped into
either the anaerobic or
aerobic digester

¥ Hydraulic Rentention
Time for the Anaerobic
digester was 20 days, the
Aerobic digester was 5
days
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Experiments performed

¥ After sample collection:

¥ Performed viable plate count assays (plating
onto BHI agar), for coliform bacteria plating was
done on MacConkey agar

¥ Chemical analysis was performed on the
samples (TS, BOD;, TKN, NH,, S, SO,, K,O and
Na) both before and after treatment

¥ Genomic DNA was extracted from samples
using the MoBio Ultra Clean Fecal kit



Experiments performed

¥ 16S rDNA directed PCR was performed using
the primer set 27F and 1392R

¥ PCR products were purified via EtOH
orecipitation and then ligated into a QIAGEN
PCR cloning kit (pDrive Vector).

¥ Blue/white screening was carried out to find
plasmids that contained inserts

¥ For each sample 2 PCR and cloning reactions
were carried out to minimize bias (96 clones
were taken for each sample)




Experiments performed

¥ Plasmid inserts were sequenced (unidirectional
read) using the 1392R primer

¥ A total of 13,824 sequences were analyzed

¥ Sequences were cleaned using the Chromas
software

¥ Only sequences with unambiguous reads were
used

¥ Predicted 16S sequences were compared to
seqguences in a BLASTable database

¥ OTU assignment was set at 97%



Experiments performed

¥ Rarefaction analysis was carried out to
determine seguencing coverage

¥ OTU assignments to phyla were
accomplished using the Classifier software

¥ The Library Compare software was used
to compare across libraries

¥ Diversity was estimated for each library
using Shannon-Weiner (H), species
richness (S), and evenness (E)



Results



Table 1

TABLE 1. Chemical and cultural analyses of acrobic and anaerobic waste treatment systems

Treatment and parameter®

Avg (range) result for treatment by parameter for:

Feed material

Reactor effluent

Effluent storage

Untreated storage

Aerobic
Total solids (g liter=1) 4410 (29.0-58.0) 30,0 { 1A.0-45.00 14.0 (7.0-29.0) 280 (17.0-54.0%
BOD; (g liter™!) 149 (13.1-18.0% 352445 15 (0.9-2.3) 106 (B.0-15.3)
Total Kjedahl N (g liter—!) 2.0(1.5-6.1) 22(1.34.7) 1.5 (0.6-4.3) 30(1.2-6.0)
NH, concn (g liter™") 0.8 (0.4-1.6) 0.1 {0.06-0.2) 0.2 (0.1-0.5) 1.1 {0.9-1.5)
S conen (g liter™") 0.3 (0. 1-06) 0.4 (0.2-0.6) 0.2 (0.1-0.5) 0.2 {0.2-0.4)
SO, conen (g liter™1) 0.5 (0.2-1.0) 0.5 (0.3-0.9) 0.2 (0.1-0.3) 0.1 (0.1-0.2)
K.O conen (g liter™) 2.2(1.3-30) 22(1.2-32) 2.0 1.0-3.2) 1.9 (1.2-3.0)
Na concn (g liter=") 0.6 (0.3-1.0) 0.6 (0.4-0.9 0.6 (0.5-0.5) 0.5 {0.5-0.6)
APC (CFU ml—h) 54 % lﬂ’[n,n4x]01”‘><lﬂ} 6.1 3 107 (002 2 10828 = L0F) O]x LOS (0L08 = 10727 2 107) 30 3 10% (0.5 3 10550 > 107)
AnPC (CFU ml—t) L7 107 (0.1 x 10P-5.1 = 107 L4 3 100 (001 = 10°-4.4 = 10%) T 108 (002 % 10°%-8.6 = 10%) L5 5 10° (0.04 % 10°-5.1 % 10°)
CPC (CFU ml—) L& 2 L0F (0,02 2 10°=1.0 3 10%) 9.9 3 10% (0.0 2 LIP=1.7 = 10%) ].4 w103 (0L 3¢ L0P=6.1 = 107 7.2 3 107 (0L03 ¢ 104-2.0 2 107
Anaerobic
Total solids (g liter™") 440 (20.0-58.0) 250 (16.0-36.0) 18.0 (7.8-22.00 2.0 (17.0-54.0
BOD; (g liter™!) 149 (13.1-18.1) 1.9 {1.4-3.0% 2.2(0.9-4.7) 106 (B.0-15.3)
Total Kjedahl N (g liter—!) 20(1.5-6.1) 2.6 (1.5-4.8) 2.40.7-5.6) 30(1.2-6.0)
NH, concn (g liter™!) 0.8 (0.4-1.6) L0 ((0.7-1.6) L0 1.0-1.4) 1.1 ((0.9-1.5)
S conen (g liter™4) 0.3 (0.1-0.6) 01 (0.1-0.3) 0.1 (0.1-0.2) 0.2 (0.2-0.4)
SO, conen (g liter=1) 0.5 (0.2-1.0% 0.3 (0.1-0.7) 0.2 (0.1-03y 0.1 (0.1-0.2)
K.0O conen (g liter™!) 2.2 (1.3-3.0) 1.8 (1.2-2.6) L5 (0.8-1.9y 1.9 (1.2-3.0)
Na concn (g liter™") 0.6 (0.3-1.0) 0.5 (0.2-0.8) 0.5 (0.4-0.6) 0.5 (0.5-0.6)
APC (CFU ml—Y) 5 4 3107 (0L04 2 10°=7.2 2 107) 2 10T (0,04 5 10773 2 107y LS (0.08 = 105%=3.9 2 10%) 30 3 10° (0.5 3 10°=5.0 3¢ 10%)

AnPC (CFU ml=Y)
CPC (CFU ml™Y

T 107 (001 3 LOP5.1 = 107)
].8 ¥ 10F (0002 > 10°-1.0 = 10%)

LG 107 (03 = 10P=2.2 2 105)

..-1>< 02 (0.1 = 10P-1.7 = 10%)

2.7 x
13w
1.2 %

LOS (0.04 = 107-1.8 > 107y
02 (0.1 3 10P-2.2 = 10%)

._.\
LA w0 105 (0004 ¢ 105501 3 10%)
03 = 10A=2.0 = 107%)

7.2 % 103 (0,

@ Abbreviations: APC, aerobic plate count; AnPC, anaerobic plate count; CPC, coliform plate count.



Chemical/Cultural analysis

¥ Aerobic Digester ¥ Anaerobic Digester
- BOD. decreased by 77% - TS decreased by 43%
- NH, decreased by 87% - BOD. decreased by 87%
- Anaerobic plate counts - S decreased by 58%
decreased by 92% - SO, decreased by 43%
- Coliform plate counts - Anaerobic plate counts
decreased by 95% decreased by 99.9%

- Coliform plate counts
decreased by 99.7%



Chemical/Cultural analysis

¥ Aerobic Digester Effluent ¥ Anaerobic Digester

- TS decreased by 68% Effluent

- BOD, decreased by 83% - TS decreased by 59%

- TKN decreased by 48% - BOD; decreased by 85%
- NH, decreased by 69% - S decreased by 61%

- SO, decreased by 56% - SO, decreased by 65%

- Aerobic plate counts - Anaerobic plate counts
decreased by 90% decreased by 81%

- Coliform plate counts - Coliform plate counts

decreased by 99% decreased by 99.9%



Table 2

TABLE 2. Percentage of rRNA gene clones assigned to phyla before and after treatment and storage

Treatment and phylum
assignment

Avg (range) % of clones assigned to phylum

Feed material

Reactor effluent

Effluent storage

Untreated storage

Aerobic
Actinobacteria
Bacteroidetes
Deinococcus-Thermus
Firmicuies
Planctomyveetes
Proteobacteria
Spirochetes
™7
Verrucomicrobia
Unknown

Anaerobic
Actinobacteria
Bacteroidetes
Deinococcus-Thermus
Firmicutes
Planctomycetes
Proteobacteria
Spirochetes
™7
Verrucomicrobia
Unknown

53 (2.1-10.1)
16.1 (9.0-24.3)
ND*

74.8 (61.8-88.0)
ND
3.4 (0.0-5.1)
0.2 (0.0-1.6)
ND
ND

0.7 (0.0-1.9)

5.3(2.1-10.1)
16.1 (9.0-24.3)
ND
74.8 (61.8-88.0)
ND

3.4 (0.0-5.1)
0.2 (0.0-1.6)
ND
ND
0.7 (0.0-1.9)

10.9 (6.1-34.9)
15.4 (4.7-22.0)
1.2 (0.0-1.7)
9.5 (4.0-17.4)
1.1 (0.6-2.3)
55.1 (46.0-59.9)
ND
4.5 (0.6-11.0)
1.1 (0.0-1.7)
1.1 (0.6-1.8)

2.0 (1.2-3.7)
9.9 (5.6-15.9)
ND
74.3 (64.0-79.3)
0.5 (0.0-0.7)
49(2.2-11.2)
0.8 (0.5-1.4)
0.2 (0.0-0.7)
ND
7.2 (3.4-10.8)

5.1(1.9-9.3)
12.8 (9.8-17.8)
0.8 (0.7-1.3)
21.7 (13.4-27.4)
5.7(1.3-75)
48.8 (37.5-58.2)
0.4 (0.0-1.2)
1.1 (0.6-1.6)
0.3 (0.0-0.7)
3.4(0.7-74)

1.8 (1.2-2.9)

10.8 (8.4-14.5)
4.6 (0.0-13.4)

64.2 (74.5-56.2)
0.5 (0.0-1.4)
93 (2.3-17.3)
0.5 (0.0-1.9)
0.2 (0.0-0.6)

ND

8.0(4.2-9.8)

3.0 (1.7-4.7)
8.9 (6.1-10.5)
ND
78.0 (72.2-80.1)
ND
33(2.1-3.8)
1.5 (0.6-3.2)
ND
ND
49(2.3-6.1)

2.2(1.3-3.9)

11.5 (6.5-13.8)
ND

76.5 (73.2-81.7)
ND

45 (0.8-7.8)
0.8 (0.6-1.3)
ND
ND
4.1(1.4-6.7)

4 ND, not determined.



Table 3 (part 1)

TABLE 3. The 10 most commonly isolated OTUs from each library

oTu= Mo. of clones % of total Phylum (% confidence threshold)® Best match in GenBank T Similarity
Fl 204 ol Firmicutes (100) Trchococcus flocculiformis 97-98
F2 151 44 Firmicutes (100) AN 438851 0809
F3 142 42 Firmicutes (100) AFITITAT Q9
F4 Q& 2.8 Firmnicutes (100) AY 100573 0800
F5 86 2.5 Firmnicutes (100) AY 438899 a8
Fo 83 24 Firmicutes (100) AY 435880 9798
EF7 7 2.3 Fimnicutes (100 Closmidium lituseburense OR—-100
F& 60 LA Bacteraidetes (100) AY438832 0399
FY 58 1.7 Bacteraidetes (1000) AB219992 92-94
F10 58 1.7 Protecbacteria (100 Psevdomonas sp. strain SKU 98-99
ARI 154 0.6 Protechacteria (100) Thawera terpenica 9G—100
AR2 57 35 Actinobacieria {100) Aeromicrobiom marivum O7-08
AR3 54 34 Protechacteria (100) Pseudomonas sp. strain SKU Q2100
AR4 48 30 Profechacteria (100) Dwella japonica 0608
ARS 40 235 Profechacteria (100) Roseabaciter sp. strain Y5-37 09
ARG 35 22 Bacteroidetes (100) Sphingobacterium thalpoplilum 97-98
ART ad 21 Protecbacteria (100) Xanthomonas aronopodis 9597
ARR 34 21 Bacterodetes (96) UBA318142 95-96
ARO A3 21 Proteobacieria {100) Iwvella koreensis 9798
ARLO 26 1.6 Bacteroidetes (99) AFS07866 0607
AnR1 144 8.6 Bacteroidetes (100) CRO33150 0709
AnR2 139 8.3 Fimnicutes (100 Sedimeniibacter sp. B4 0607
AnR3 13D 7.8 Fimnicutes (88) DO 191708 96-07
AnR4 125 15 Firmicutes (100 Clostridivm lituseburense GE—100
AnRS 58 35 Actinobacieria (62) ABOY2ESS 96100
AnRA 43 2.7 Firmicutes (100) AN 438851 98
AnR7 a2 1.9 Protecbacteria (62) AB2325hR2 96-97
AnRS 3 [ Firmicutes (100) Trichacoccus flocculiformis 0798
AnR9 3 1.8 Firmnicutes (100) Eubacterium tenue Q0-100
AnR10 a0 1.8 Firmicuges (100) AY 100573 03-09

F= Feed, AR= Aerobic Reactor, AnR= Anaerobic Reactor, AS= Aerobic
Storage, AnS= Anaerobic Storage and US= Untreated Storage



Table 3 (part 2)

oTU= Mo. of clones Phylum (% confidence theeshold® Best match in GenBank e Similarity
AS1 194 Proteobacteria (100) Thawera terpenica Q9100
AS2 S8 5.3 Flanctomyeeres (100) FPirellula sp. 9399
AS3 3l 2.8 Proteobacteria (100) Roseobacter sp. Y5-37 9709
AS4 20 L8 Proteobacteria (100) Rhodobacter gluconicum Q0100
ASS5 19 1.7 Fimnicutes (100) ANYATOR30 0rR—99
ASH 18 L.b FProteobacteria (100) Xanthomonas aronopodis 95-96
AST 16 1.5 Firmicutes (100) Tissierella pracacuia Q3-95
ASR 16 [ Proteabacteria (T8) AY 438740 09
ASD 16 [ Proteobacteria (100) Thernomonas hydrothennalis 09597
ASLO 15 1.4 Bactercidetes (100) Petnimonas sulfurphila 05390
Ansl &0 T3 Firmicutes (100) Closindium liuseburense Q100
Ans2 6d 5. Firmicutes (100) DR 191708 Q596
Ans3 53 Firmicutes (100) Turicibacier sanguinis Q9-101
Ans4 48 Planctomycetes (100) Perellula sp. Q8100
Anss 47 Fimnicutes (100) Sedimentibacter sp. strain B4 9697
AnSt 46 Proteabacteria (100} Pseudomonas sp. strain SKU 90-100
AnSsST 46 . Bacteraidetes (100) AY953168 9793
AnSsSE a3 3.0 Bacteroidetes (100 CRY33150 95390
Ans9 30 27 Firmicutes (100) Eubacterium tenue Q91010
AnS10 28 26 Actinobacieria (55) AROO2RSS Q0100
Us1 166 14.5 Fimnicutes (100) Clostridium lituseburense QR—100
Ls2 48 2 Firmicutes (100) Turicibacier sanguinis Q9100
LIS3 36 32 Firmicutes (100) AFITITET Q9
US4 35 3 Fimmicutes (100) Eubacterium tenie Q91010
Uss 30 2. Spirochaetes (64) AN 228699 9793
Usa 24 2. Bacteroudetes (1000) AY 438832 0200
us7 20 L. FProteobacteria (100) Pseudomonas sp. strain SKU 99100
[BEH 19 L. Firmicutes (100) AYR22268 94-95
LS9 19 1.7 Firmicutes (100) AY 438851 9E-09
US10 17 s Bacieraideses (100) AY953229 9698

F= Feed, AR= Aerobic Reactor, AnR= Anaerobic Reactor, AS= Aerobic

Storage, AnS= Anaerobic Storage and US= Untreated Storage
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Table 4

¥ Diversity estimations

- OTU estimates between 289-
618 (97% cutoff)

- Coverage in the clone libraries
between 69.7%-82.0%

- Evenness 0.77-0.84 (based on
the number sequences of each
OTUG@G in the library )

- Diversity ranged anywhere
between 4.46-5.28 (the larger
the number the more diverse
the population is)

TABLE 4. Estimation of diversity within rENA gene libraries

Library Mo, of Richness T Eveness  Shannon
- clones (oo, of OTUsy Coverage index (£)  index (H)
618 220 .52 5.28
Reactor
Agrobic 4 74.8 .54 5.04
Anaerobic 325 Ais n77 4.46
Storage
Aerobic 308 697 .52 4.69
Anaerobic 289 724 .51 4.60
Untreated
Storage | 327 72.2 0,83 4,79
Storage 2 2 736 .83 4.81

* More than twice as many
clones for the Feed Material
were sequenced as opposed to
the Reactors/Storage/Untreated



¥ Rarefaction analysis
(average of
collectors curves)

The authors argue
that while the
sequencing was not
exhaustive, the most
predominant OTUs
were detected

Argued this since the
slopes of the curves
are approaching an
endpoint

Figure 3
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K K K K K

Conclusions

Both treatment methods are better than simply storing
the untreated waste

Aerobic treatment was an excellent method to remove
nitrogen from the waste

Anaerobic treatment was excellent for removing sulfur
from the waste

Both methods lowered both coliform and total bacterial
counts

The authors recommend using anaerobic methods for
waste handling since the method is cheaper, conserves
the nitrogen (if the waste is to be applied to fields) and
can produce methane which can be harvested as a fuel
source



