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What the stakeholders want

Hides and Leather sector
Wool growers

Renderers

Poultry and Egg producers



What the stakeholders want
American hides and leather industries

Their “voice”
American Leather Chemists Association’s
Research Liaison Committee

Annual meeting at ERRC
Priorities
Hide preservation

Sulfide-free dehairing

Alternative tanning agents
Nondestructive testing
Finishing with bioproducts

US Hide, Skin and Leather Association
Leather Industries of America, Inc.



What the stakeholders want
American wool growers

Their “voice”
American Sheep Industry Association  (ASI)
One-on-one with ERRC

Priorities
Bioprocessing
Comfort

Flame retardancy
Military applications
(a captured market for domestic wool)



What the stakeholders want
American biodiesel industries

Their “voice”
National Biodiesel Board

Annual workshop (last: Denver, Oct. 2005)
Priorities
Alternative feedstocks
Improved cold temperature properties
Reduced sulfur

NO, emission studies
Trace glycerides

Standards development

Glycerol utilization ( )
American Soybean Association
rendering industry (FPRF and NRA)







What the stakeholders want
American rendering industry

Their “voice”

Fats and Proteins Research Foundation

Research Committee
Priorities (non-feed):
New uses for animal fats

New uses for restaurant grease
New uses for meat & bone meal
Funding of research projects

National Renderers Association

biodiesel




What the stakeholders want
American poultry industry

Their “voice”

U.S. Poultry & Egg Association and
Poultry, Protein and Fat Council (committee)
Research Committee
Priorities (Non-Feed)
Methods to handle and reduce skimmings
Preservation and uses of poultry blood
Uses for feathers
Uses for hatchery waste
Funding of research projects ($1.2M annually)
National Chicken Councll

NATIONAL CHICKEN COUNCIL









Biodiesel from Rendered Products












Impact of Crude Glycerol Price on Biodiesel Cost

5¢/1b
11¢/kg

4¢/gal |1¢/L

A drop of 11¢/kg in the return from crude glycerol raises the production cost of biodiesel by 1¢/L.

Haas, McAloon, Yee, Foglia, A process model to estimate biodiesel production costs. Bioresource Tech. 97:671. 2006



Impact of Feedstock Cost on Biodiesel Cost

Grease Model —— Soy Oil Model ——
Feedstock Cost $/Ib
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Grease must be 9¢/kg cheaper than soy oil for equivalent production costs of biodiesel.

Haas, McAloon, Yee, Foglia, A process model to estimate biodiesel production costs. Bioresource Tech. 97:671. 2006



Conversion of iInexpensive feedstocks

From: Lard
e Refined Oils & Fats e Beef tallow
y Chicken fat

Victor T. Wyatt et al.



Cold Temperature Properties
FUEL (Methyl Ester from...)

PROPERTY :
Lard Beef |Chicken | Soy [')\!0- 2|
lese
tallow fat
(D)
CP (°C) 11.0£0.02 | 11.0+0.02 | 4.3+£0.32 1.0-2.0 -16
12.4+0.1° | 12.8+0.22 | 5.6 +£0.1°
PP (°C) 12 +0.02 9.0 £0.02 6.0 £ 0.02 -2.0 to - =27
13.7+0.3° | 13.0+0.0> | 8.0+£1.0° 4.0
CP (°C) XME/D -8.8+0.8 -9.9+1.2 -10.3+0.8 -11+1.8 - - -
(20:80 vol/vol blend)
PP (°C) XME/D (20:80 | -10.1+2.0 | -11.1+0.7 -13.7+1.6 -18+1.6 -- -
vol/vol blend)
CFPP(°C) 8.3+0.3 8.0+1.0 1.3£0.3 | -3.3+£0.3 =27
Viscosity (Cs/s) 4.8 5.0 54 4.3 2.8
T. (°C) (by DSC) 16.0+0.05 | 12.9+0.05 10.3+0.2 5.2 -11.9

aManual determination bAutomatic determination

Wyatt et al., Fuel properties and nitrogen oxide emission levels of biodiesel produced from animal fats.
J. Am. Oil Chem. Soc. 82:585. 2005









In Situ Transesterification: Reaction Optima and Yields
as a Function of Water Content (5 g soy flakes)

Moisture  Methanol NaOH Reaction Max. Yield
Content (mL) (N) Time (h.) FAME FAME
(% mass) (mg) (%)
7.4 30 0.09 8 981 95
2.6 18 0.10 16 1096 97

0 12 0.10 10 1125 100






Process and Capital Costs 2

Process Soy Soy soap- Soy Grease!
flake® stocke oild

Raw materials (excluding feedstock) 0.19 0.85 0.14 0.22

($/ US gal BD)

Utilities 0.55 0.07 0.04 0.14

Labor, supplies, general works, 0.38 0.17 0.19 0.25

depreciation

Cost ($/US gal BD) 1.12 1.09 0.37 0.61

Annual production (10° US gal) 12.4 4.2 10.1 10.1

Capital cost ($10°) 24.8 2.2 11.3 15.1

a: excludes feedstock cost; b: 0% moisture; c: as HAAO,; d: excludes glycerol credit

Feedstock cost (¢/Ib) 3.0 24.0 14.5

With feedstockd ($/ US gal) 1.53 211  1.74



TAG: 9.1% (dry wt basis)

Protein: 47.5% (wt basis,
as received)

Moisture: 2.0%



Response Surface Model to Predict Optimal Reaction Con  ditions for MBM
Data input: FAME yield = f(VMeOH, [base], t)

Prediction: If MBM =5 g; moisture = as received; T = 35°C; t = 2 h,
then optimal yield of FAME is obtained when NaOH = 0.20N; methanol = 12 mL




In situ Transesterification of MBM: Results
o Extent of transesterification: 92 — 95% theoretical
 TAG, FFA in ester product: < 0.3 wt% each
e Protein retention in meal: 91%

e Fatty acid profile of ester:

Fatty Acid Tallow MBM Esters
16:0 25.5 25.3
18:0 21.6 19.8
18:1 38.7 35.6
18:2 2.2 1.9

18:3 0.6 0.3



TAG: 8.8%, dry wt.
Protein: 27.9 %, dry wit.
Moisture: 9.5%

Distillers Dried Grains with Solubles (DDGS)




Potential Ramifications

* New, previously unconsidered potential biodiesel
feeds

— U.S. Biodiesel Production, 2004
35 million US gals / 132 million L

— MBM:
e Potential Annual Biodiesel Production:
93 million US gals / 352 million L

— DDGS:
e Potential Annual Biodiesel Production:
>200 million US gals / >757 million L



Biodiesel Studies

Understanding Biodiesel Synthesis
J. G. Goodwin, Jr., et al.

Triacylglycerol (1 mol)
(triacetin as model)

(or (8:0) ;TG /10:0 FFA
For three-phase studies)

ethanol (6 mol)

60°C (or 120-180°C for three-phase system)

Solid State Catalyst (2 wt. %)
Acid type:

* Resin (Amberlyst-15)

» Tungstated zirconia (W2)
Base type:
 Titanosilicate (ETS-10; Na, K)
« MgO

Methyl esters Glycerol
(biodiesel)

Lopez, Goodwin, Bruce, and Lotero, Applied Catalysis A: General, 2005



Hyperbranched and
Dendrimeric Polymers

from Glycerol
(V. Wyatt et al.)

Synthesis and characterization
of oligomers:
— With iminodiacetic acid

— With dicarboxylic acids (succinic or azelaic) .
o) o) No O
fo
LRSS aay :
0 0 0 0 H



Fermentation of Crude Glycerol (Biodiesel
Coproduct Stream) to poly(hydroxyalkanoate) (PHA)

50

P. corrugata 388
(mcl-PHA)

40

30

20

P. oleovorans NRRL B-14682
(PHB)

10

PHA Cellular Productivity (%0 CDW)

0 1 2 3 4 5 6

Initial Co-product Concentration (%)

Ashby, R. D., Solaiman, D. K. Y., and Foglia, T. A. Bacterial poly(hydroxyalkanoate) polymer production from the biodiesel co-
product stream. J. Polym. Environ. 12:105-112, 2004.



Fermentation of Crude Glycerol to Sophorolipids

Feedstock Product (mol %)
FFA FAME Lactone
OAC OAC OAc
HO HO HO
@ Tt @ T @ L
HO' Ho ) HO 1o ) HO HO @)
HO MeO
O (@] @)
Glycerol alone 1 - 99

Glycerol-rich Biodiesel

Coproduct Stream 32 43 25

Methyl Soyate 24 45 31

R. Ashby et al. (Patent pending)



Non-feed Uses
of MBM Protein



If not feed, then what?

Functional products
Peptone

Adhesives
Encapsulants

Fuel applications Films

Gasification Gels

CWT process Bio-active peptides

Disposal
Landfill

Compost
Incineration




Rendered protein, especially meat & bone meal,
offers an untapped source of renewable materials
for non-feed, non-food applications. To be

overcome.

Entrenched alternative sources
Soy protein
Wheat protein (gluten, gliadin)
Maize protein (zein)
Sunflower protein
Dalry proteins (casein, whey)
Hide proteins (collagen, gelatin)
Keratins (hair, feather, silk)

Uniformity issues
Public perception




Goal: Elucidate advantage of MBM'’s functional properties

Obstacles: MBM is difficult to utilize

* Low solubility

* Heterogeneous

« Concern about prions

« Unfamiliar material to many who could potentially use it

New Research on MBM at USDA, ARS, ERRC:
* Initially, applications not requiring changes to rendering process

» Generate technology and data that enable others to develop
applications

» Bottom-up approach
» Applications less likely to suffer ‘perception problems’
* High volume applications



Fundamental data

Nutritional data for feed use
— very good values available

Enabling data (Engineering/physical)

—Specific heat —Bulk density —Angle of repose

—Latent heat —Absolute density —Coefficient of

—Thermal —Tapped density friction against
conductivity = —Hausner ratio different surfaces

—Surface area —Moisture sorption

—Porosity Isotherms

—Color

Non-nutritional biochemical data

— Actual protein type profile

— Condition/degradation of proteins
— Heterogeneous distribution

—Particle size
distribution
—Dustiness
—Hardness
—Abrasiveness



|Isolation of Protein from MBM



Mechanical Separation of Meat & Bone Meal

Rafael A. Garcia et al.

h}MBM

High \\»‘
Protein

High
Ash

Fraction Fraction



Mechanical Separation of Meat & Bone Meal
’ % ash (mfb) in

. . aspirator fraction
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MBM, as is
34.4% ash mfb

® |ower terminal velocity (low ash fraction)
o higher terminal velocity (high ash fraction)

==aseeaa3 path of air flow

Garcia, R. A., R. A. Flores and J. G. Phillips. 2005. Use of an aspirator to separate meat & bone meal into high
ash and high protein streams. Trans. ASAE 48(2): 703-708. 2005.



Enzymatic Hydrolysis of MBM with
Concomitant Destruction of Prions

» A few commercial enzymes reportedly are capable of destroying BSE prion
* Unknown: Can enzyme access prion in a substance such as MBM
* Investigating this using two approaches:

Direct study of enzyme Disappearance of a target
diffusion into MBM particles protein



Utilization of Protein from MBM



Adhesives from MBM
Protein Concentrate
(MBMPC)

Hettiarachchy et al.

Adhesiveness (kg)

Sang K. ParkP, D.H. Bae?, and N.S. Hettiarachchya*
aDept. of Food Sci., Univ. of Arkansas, USA and PDept. of
Applied Biology and Chemistry, Konkuk Univ., Rep. of Korea. . :

Protein Concentrate and Adhesives from Meat and Bone Meal; Soakmg Time (hl‘)
JAOCS 77(11) 1223-1227 (2000)



Application of Solubilized Proteins

Analysis of Separable Fractions of Proteins from Se  lected

Animal By-Product Materials
J.C. Acton and A.B. Bodine

Yield: From the 5 categories of co-products manufactured via heating and
dehydration, only proteins of the alkali-soluble fraction generally

provided a yield (based on total protein content) tha t indicated
extraction might be of economic value

Properties: No fraction had emulsification or gelation abilities.

Future Work:

« Evaluate the extractability of the protein fractions from raw materials
prior to thermal treatment (rendering).

* Neutralize the alkali-soluble protein fraction, precipitate and recover the
protein, and then evaluate for functional properties.









Composites from MBM






Composites

Extrusion and Molding of Protein Fractions and Fats
Derived from Animal By-Products for Packaging and

Structural Applications
A. A. Ogale

Films
from 65-75 wt% feather meal and 35-25% glycerol, 140-160 C

Future:

Geostructural sheets (geomembranes)

e From extrusion, molding.

* Reinforcements of temporary roads on soft/weak soils

e Qil spill containment

Thermal degradation characteristics of various proteins and
their fractions will be determined

Hygrothermal stability in neutral, acidic, and basic media will be

determined






Microbiological Studies

Thermal Process Preliminary Calculations:
Enumeration of Thermally Resistant Bacteria

In Raw Rendering Materials
A. K. Greene et al.

Microbiological Evaluation of Antibiotic Resistant Bacteria

In Rendered Animal Products
X. Jiang




Specialty Biochemicals

Use of Protein Extracts from Bovine Supramammary

Lymph Nodes
D. Duffy, A. Reed, S. Ellis and T. Scott

Screening Bioactive Peptides from Porcine Collagen of

Rendered Animal Co-Products
B. Li, F. Chen, X. Wang



Contaminants

A Study of Economically Feasible Technologies to
Remove Dioxin and Dioxin-Like Toxicants from

Animal Co-Products
J. T. Coates, A. W. Elzerman and D. Rankin



In summary:

Attention to non-feed uses of MBM
IS a newly developing area of R&D

MBM is an untapped feedstock for biodiesel production

MBM and its protein isolates can join the “club” of other
proteinaceous materials, both animal- and plant-derived,
and their protein isolates

The attractiveness of such materials:
renewable and inexpensive feedstocks
biodegradable products

The challenge to researchers will be to use
the products in applications acceptable to the public

Thank you Dankeschon



