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| Evaluation of Low-cost Extrusion cdok.rs for Use in an's'-

Reported by: J. M. Harper
" G. R. Jansen
J. D. Kellerby
. R« E. Tribelhorr

PARAMETERS AFFECTING THE PERFORMANCE OF THE BRADY

Mr. Jaime F. Sahagun recently completed the requirements for

his

ter's degree. His thesis work was involved in evqluat@ng the Brady

Crop Cooker with respect to several extrusion parameters:
1. BRotational speed of screw
2.  Screvw geometry |

.3 thxpu;hput

~The effects of these parameters on extrusion performsnce vere examined

through iea.urencnt of selected dependent vatiqblon:'
| 1. BEnergy (torque, speed) |
2.’ Throughput
’3. Temperature of extrusion

4. rc-pctacuroAdiitrtbutzon along the barrel



5. Output product characteristics

6. Residence time

A mixture of 70% whole corn and 30% whole soybeans was used throughout

the experiment and the evaluation. Raw ingredients were ground in the Modern

Mill to a +40 mesh.

Results of Research

Temperature grofile-.-‘rhomcouplu atuched to thc cxttuder barrel
surface at ulectcd lengthl wers used to recoxd the tenpeutureo along the
barrel. Temperature profile chansu were umred under vary:l.ng exttulion
coaditions. Figures 1 and 2 represent typical temperature profiles for
" the extruder vhen running at 600 and 1000 rpm for outlet product temperatures
0.! 149, 163 and 171°C. The increased rpm's of the s‘crev caused higher -
temperatures at.the feed ascction pf the extruder, Vh.!ch- l‘ndlcnton an
imcrease in the extruder's energy requireiunti. In general, the first
60 e» of the barrel from the feed input lﬁoied-. profile zobc' higher for

the 1000 rpms runs than for the 609 PR rdnl. _'rim increase vn. (_luc to '
higher shear and mechanical forces in _thcr feed rdgioh which occurred
‘because of greater backfillinj of the screv at 1000 rpm. Once the wmaterial
entered the last 20 cm of .thc extruder, the préfiiu vere o;c._.cnthlly
oguivalent.

Examination of Figures 1 and 2 indicate that the product was exposed
©» velatively high temperatures for only a short barrel ict;gth and that
weriations in temperatures at the orifice had only negligible influence

om the temperatures in the first 60 cm of the extruder barrel.
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Figure 1. . Temperature profile along the barrel for thtee final
temperature settings (N=600 rpm, #=6 kg/min, originel
screw).
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. t-pcucuﬁ ‘fefeings (N=1000 rpm, &=7 kg/min, origiml

arvasws) .



The rapid decrease in temperatures measured in the last 7 cm of.th@.
barrel lergth can be attributed to heat tr;nsfer from the product to the.
large steel mass of the cone at the output (acting as s large heat nipi);
The cone vas cooled because the extruded product lost temperature tapidli
once it left the annulus around the cone and its pressure became anbient;

Effects on the temperature profile due to changes in throughput c@n
be found in Figure 3. In all instances, the temperatures at each point
.along the barrel were higher for the lower feed rates. Since residence
time was increased at lover feed rates and th‘»gncrgy input per unit length
was roughly constant, higher product te-pcriturés'at'ihe‘feed end should be -
c:poctcd. High temperatures at the feed 1n10t of the barrcl could cause
sticking of material and plu;gins in this region. - Peed ratea below - 5- kg

per minute are,. therefore, not ;cco-ndod for contimu. operation. .
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lucro' 3. Temperature distribution along the barrel as a function of
: mess flov rate (N=1000 rpm, T=163°C, original screw).
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A series of rotor weldsent configurations were ?valuatod'(?ig. 4).
Beater blr._(voldcd ridges placed across extrusion screw (flights)) were
added or deleted selectively to doterﬁlno'tho effects of their numbers and
locations on extrusion. Typical tenpéxature profiles for the various screw
configurations are shown in Figure 5. 1_7

Results indicate tﬁaf addttionnllbcat;r bars at the discharge end of
the screw (configﬁration 2) created confrol problems while in the case of
.configuration 4, where beater bars weto'ibcated furthef down the screw, no
appreciable change could be detected. |

Thi conclusion vas that bhacer bﬁto tﬁét vere placéd'cié.er fo the
dilchar;; end of the extruder had greuter effgct on condifibﬁ;@ot operation

than bars placed further down the screw channéi. ‘Products with high oil or

moisture contents were better processed througﬁ\;hc»addition of beater bars.

Energy input to e:;ruder.-Power ncqsurenenti Yorq made using the BLH L
torque sensor and 80;vo-Tck generator for rpa. AThu;faopectfic enerky cohld(
be dctoriinhd{ |

Buergy vas measured for the following extrusion variables:

1;_ ?toduct temperature | |

2. Screv speed

3. ihrou;bput'

‘4. Screw configuration

Energy measurements for different feed raic; at different ?elpefitureo
indicated that the energy 1n§r¢aced spproximately 122 when extrusfion teabgra-
_ture 1gcrolacd from 149° to 163°C and from 163° to 171°. Energy 1ncrcna§i

were found to be linearly proportional to feed rates, as would be expected,

~assuming a connta?t_?qgficapacity for extrusion feed materials.



)15:-'4. Beater bars placement in the original screv (a) and in each
' ocne of,*\§ foyr wonfiguratiocns tested (b, c, d, and e).
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riiuro 5. Effects of screw geometry on temperature distributioms
along the barrel (r-171°c. n=5.5 ka/nin, N=600 rpm).

Spogific cnqrgieu were. found nearly independent of rotor speeds at -
conltani_tc-pctathtc. 7811gﬁt increases in energy vere fﬁdnd vhen thc.rotbr‘
opood wvas .higher than 1000 rpm due to higher shear and lochanical torccl
leading to increased starchy co-poncnt noditication. The rolationnhtp
between opccific energy and rotor speed at conctant tcnporatutc ‘and feed
rate is shown in Figure 6.

ltgurc 7 indicates the opocific cncr‘y of cach of thc four rotor
conft;urationn that were tested. Each configuration affectcd energy require-
ments diffecently. Higher snrecific energy demands were conliltcntly required
with 1iﬁr¢a.od number of beater bars closer to the discharge end of the screvw
(configuration 1, 2 and 3 were higher than the original screw). With bars

located in helix turns closeé to the discharge end, the increaved vower
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It;uto 6. Specific enexrgy as a function of rotor speed (1-169 c.
original screw).

requirements made extruder oporntion cxtre-oly sensitive to adjuotnonts
thoro!oro, use of such configurltion il not recosaended for all but high.
-oiotuto or high oil content 1nsr¢d1¢ntl.

Minimum specific energy dennnda-vcrc aitaihih vhen using screv
cbﬁ!i;utation 4, wvhere bars measuring hnif of the loﬁgtﬁ of the conven-
tional bar size vere located at opposite sides of the screv ch;ngél;

allowving for better mixing while reducing the back flow in the chahncl.

Ptoduct characteristics.-—-Tests were performed on the cxtrudcd products ,

to determine how tho tunctional properties vere affected. by extruoion -
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parameter variations. Results indicated that temperature and rotor geoiotry 
-have a greater influence on product characteristics than do r&tor apced,an&
fcod rate.

Damaged starch tests were performed on the extruded products. Results
are shown in Pigure 8. Cleavage of starch molecules (as measured by concen-
tration of reducing sugars) was higher when the temperature was increased.
Rotor geometry was found to be a major parameter affecting modifications to

_ the starch molecules. The addition of more beater bars to the screw increased
the shear stress and energy 1nput,rccdltip; in a gfeater nu-betlbf damaged
starch solecules. Using the original .crcﬁ as a fefcrence, percentage

~ increases in starch damage were tabulated below.

% increase in

. : Temperature glucose concentration
Rotor configuration oc __(starch damage)
Original 163 - o
1 163 -29
2 163, 46
3 1;3 30

The negative value foy screw configuration 1 can only be attributed
to unobserved variations in the ingredient formulation used in the run.
COuntitoncy tests on the extruded products are shown in Piguie‘9.jfin

all instances, lower processing temperatures resulted in highor conoiatb—

— - . pe -
..

sater readings. Changes in rotor configuration alt;rcd coniiotonotcr valﬁc.
a® would be expacted. As more shear force vas .ppliod to the product with
increased ylator bars near the discharge end of the screw, the product had

8 highar viscosity and a smaller consistometer patty diamster. Potentially,
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Figure 8. Variations on the reducing sugar concentration of
products extruded with different screw configurations.
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-12-°

. changes in the nusber and location of the beater bauﬁn the screv c;uld
allow the operator to control the viscosity of the resulting cooked product.
In summary, the tests on beater bar locations on the screw of the

Brady extruder showed that their locatlon.nea_r the discharge end greatly
affected the product by increasing energy input. Feed rate and screv rota-
tional speed were also important parameters. Based on these studies, it is
nov possible to better recommend optimal operating conditions and screw

.configuntmi to achieve the desired results from the extruder.
MECHANICAL EVALUATION OF THE BRADY EXTRUDER

The mechanical evaluation of thc. Brady Crop'Codﬁer has been completed
by Dr. James L. ‘Smith, Department of Agricultural and Chemical :!'ngit‘x_o_otin;.
&»lo:ﬂdo State University. The objectives were:

" 1. To evaluate the mechanical _co@oﬁcn_to of tﬁc Brady with respect
to duty rating and longevity (time before major overhaul and
mhc-lnt of parto) |

. 4. 7To recommend ainor altotauonl to thc Brady that vould increase
the duty rating and longcvtty of the equipment. ‘ |

The Brady extruder vas uiti;lly duiigiud for 1nte;'n1ttcnt duty under
farmstead conditions. Areas which liwmit continuous du;y applicatibns are:

1. Hydraulic system |

2. Bearing housing weldment lubrication

3.7 Drive train components

The hydraulic system was found to be adequate for 1nt¢n1tunt duty.
lqrovant of the hydraulic system could be made by upgnd.ni conponcn:-

such u pumps, motors, and valving with continuous duty co.ponento. An


http:upgradl.ng
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lltimtivc wvould bdbe. té remove all. hydraulic cowoneuts by replacing
current feeder with an open-hoppcr syotu directly above che lcrew fcod
~ port.

Although tl;. bearing hohoins"wel;d-eqt is_'.of a continuous duty denigh;_
lubrication while the extruder is n’mnm' 1s quite difficult. A design whiclh
could utilize an automatic lubrication systea vould solve a ujoricy of thc
bearing problm stesming from lubrication difficulties. ‘

Drive tuin components have been prinnrily duigned for farm duty
operation. Pmr transaission through the drive train of the extruder
presently involvu high torque loading-. Although the components were
designed for tho continuoun load. our exporience would indicate univerul

.,buri‘u f,ni)ure after 1,500 hourn_ running due to shock loadipss. It-1s
. felt that the easiest vay to overcome problens vith the drive train would
bo _to-dtivev the extruder vi;h belts. The belt drive coupled with a .‘gear‘
n‘ctinn.at the cxtruder would reduce tﬁe high torques transmitted through
tht mt drive train. In addition, some ufetf over~-ride protection
woald exist vith belt slippage at high loads. e

The above tcco-cndatiou for minor modifications which vill iequire
1ittle additional cost and lbouid increase the lonsev‘ity of the equipment
£o.at least 10,000 hours. After this period of time, teﬁlacaunt of mjor
conponents such as tbo barrel and bearinge, and rotor weldnent vould be
rqui:ul A co-plete report docmem:iu thc evaluation and spacifying the

'Med alternatives wvill be issued in approximtcly one nonth.

PLANT INSTALLATIONS
Costs lica
"Mr. Ron Badilla of CARE/Costa Rica visited Colorado ‘State University,

Octoder 14, 22, for the purposes of:
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1. Briefing CSU on the progress of plant constructiun.
2. lnot;ting in the preparation of ﬁlnnt operation and truining
msnusle and the equipment uncrating procedures.
3. Becoming familiar with the opetition of the soybean roaster.
4., Pinalizing arrangements for plant start-up.
S. - Attending an appropriate technology conference on October 21-;2. |
According to Mr. Badilla, the building construction at the Costa,R;cin
. oite is procc;dins on schedule with the walls and roof currently in place,
'The access roads will be constructed before the end of thc.yeqr.
Tho.oquipnen; has been ordered and most will be shipped soon to New
York for opcanic transport to Costa R}ca. The current dock strike is not
anticipated to delay shipments more than two uoekg. The nechanicnlicvalun-
tion of the roaster has been completed, and the roaster will be shipped by
November 15. The operation, naintenance, and training manuals for LEC
oﬁorating plants, for use in Costa Rica and other sites, are currently
being prepared. The 1list of personnel and required individual qualifica-
tions were prepared during Mr. Badilla's visit. The required vitamin ‘and
minerals should also be on-site in time for plant“ltartéup.
‘he plant start-up is planned for early Januiry 1§78, as prcvionllj
scheduled. Both Kellerby and Tribelhorn plan to pe present fdé the ltart-hp.

degugging, and training phases of the operution.

Tanzania
A number of delays have been encountered which have apﬁreciably delayed

the final debugging, training and start-up of the LEC plant to produce CSB

tg,blr'ol Salasa, Tanzania, located at the National Milling Corporation (NMC).
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Marvin Stone spent mostc of the month of July assisting with installation

prior to start-up. His trip report (July 7-30, 1977) details his acc’vities

during this period. Start-up could not begin in July because the main line

transfer was not instslled to power the plant equipment, and vitamin and

mineral premixes wvere not on hand.

The specific status of items delaying start-up are as follows:

1.

2.

',0

s.

Installation of line trmofer--nvailab'ility and installation |

pot expected until March 1978,

Vitamin/mineral premixes--quotations for suitable supplies
gomrded to NMC. An initisl two-month supply has been purchased
by Am/w for shipment to ‘l'anfln:la.' Delivery not expoctcd. before
January 15, 1978. S
Additional plant oqufpunt-jnelt conveyor and blender purchases by

'CSU for shipment to Tanzania were delayed in the CSU Purchasing

Department until September 22, 1977. The conveyor will be delivered
4s November and the blender in January. Contingent plant start-up
plans have been made 1.f they do not arrive in Tanzania before |
transformer installation and vitamin and mineral premixes.

Packaging line—Packaging line specificstions have been drawn and
were forvarded to Tanzania. Based on new information from Tanzania,
we are also looking for and will be purchasing bag sealers and
scales for the packaging line.

Missing parts--Missing pulleys on the bucket elevator “have been
purchased and are at CSU. These parts will be hand carried to

_tnunu at the time of start-up.
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RICE BRAN

Mr. Rodney Hanagrith (iond Engineering, Houston) visited CSU on
October 24 to review our test f‘ciltty and to be briefed on the LEC program.
Mr. Hanagrith will serve as the consultant on a feasibility study looking at
etabilizing rice bran using a LEC in Pakistan. Using a LEC for rice bran
stebilizatiocn had been previously 1nv¢-ttgntid by Texas A & M, who found a
substantial potential for the extrusion system. Drawing on this research
‘and the limited experience gained in the Philippines LEC testing program,

Mr. Hanagrith vas briefed on the operation and capability of LEC's, experience
to date with rice bran, and possible processing equipment that would be
required to complete the process. Recommendations will be made td Hanagrith
on maintenance, spare parts, and labor rcquitenentp.

A cooler for rice bran that 9111 not break up the stabilized brittle
chips formed during extrusion v111 also be designed. Cooling cxperinento
will be run on rice bran to determine the requiresents necessary to cool the
extruded chips dowm to 52°C. The deoign vill be luch that 1n-country
construction may be considered. In addition, cquip-ont opocificntions ;nd
costs, labor requirements, and opo;atiou'cooto vill be»oltinatcd and’ provided.

by C8U.

VITAMIE AXD MINERAL SUPPLIERS

tho:ptoduction of a CSB-type product.in a Lic plant requires the addi-
tiom of ;1tllin and mineral supplements as specified in thc'CSU.Annual Report
dated Ap;il. 1977. .Prior to plant start-up, it is necessary td have a two-
or tlti;;ibith supply on hand.

A 11.;.0! vitanin and/or mineral supplements suppliers and current

prices (10-13-77), vhere available is given. The list is representative
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of oupplierg but may not “include all potential suppliers. Naming suppliers

does not imply endoresement by CSU, USDA/ERS OR AID. Prices are subject to

change, and price quotations are required prior to ordering.

Vitamins Only

1.

2.

American Roche

340 Kingslard Road

Nutley, New Jersey 07110
Phone: (201) 722-5550
Telex No.: 138292 or 133417

Attention: Mr. David Petrillo

Vitex American

106-116 Trenton Avenue

8t. Louis, Missouri 63132
Phone: (314) 426-2611
Telex No.: 985358
Attention: Mr. Jay Thaman

Minerals Only

1.

- 2.

Roland Industries

2280 Chaffe Drive

St. Louis, Missouri 63141
Phous: (314) 567-3800
Agtention: Mr. Charles Becker

Stauffer Chemical Company
Latin American Division
Byala Farm Road

Sestport, Connecticut 06880
Phone: (203) 222-3000
Telex No.: 234464 :
Attention: Mr. John Rush

M. D. Canterbury
P. O. Box 88

ke, Illinois 60030
Phoue: (312) 223-4281
Attention: Mr. Canterbury

Mallinckrodt Chemical Works
P?. 0. Box 5939

St. louis, Missouri 63160
‘Thone: (314) 895-0123
Telex Mo.: 447245

]

Price: $4.60/1b
Delivery: 5 veeks after
veceipt of order

Price: §4.68/1b

Price: $0.39/1b

$28.75/100 1b

Price: $0.29/1b in
~ S4=1b paper bags



Vitamins and Minerals

1. Thompson-Hayward " Price: Vitamins - $4.70/1b
2 Rast Madison .~ 7 . Minerals - $0.31/1b

Waukegan, Illinois 60085
Phone: (312) 623-1600 ’
Telex No.: 253080
Attention: Dr. John Berbeck

With the exception of American Roche, most of the co-panies‘can délivét

the product within two weeks after receipt of the order.

As specified in the CSU Annual Report, tho vitamins and minerals nny_b§
added prior to or after extrusion of the CSB-type product. If added ptiér.
to extrusion, however, vitamins should be a&déd-at 1252 of the AID recou-cudgd

levels to make up'for losses during the cooking prbcesl,

PRODUCT EVALUATION

Cereal/Cottonseed Blends

In the last ﬁuartetly report, data were reported on the physical and
chemicsl properties of corm or sorghum blends vith'cdﬁtonnctd'oxtfudqd on the
Brady. These experiments have ﬁcen repeated using the Insta-Pro e*trudor.
with lover temperatures and thcle.data are given in T;ble. 1-3, | |

Tb..rclulto are generally consistent with the earlier results using the
ltidy. Uncooked viscosity decreased with increasing temperature or an
increased percentage of cottonseed in the blend. Nitrogen solubility was
dictoased-by increasing temperature but was relatively insensitive to the
percentage of cottonseed in the blend. As previously found, the use of
sorghum i;‘thc blends reduced uncooked viscosities conuidorably as compared

with corn. It would appear that a blend of approximately equal parts of



Tadle 1. Cottonseed/carveal Hlend ssmples produced on Ilasta-Pro extruder.

Total VWater X Free Water

4 ] : '
Code # AIRC Sampls § Moisture ‘Fat = Nitrogen Soluble W )¢ Gossypol Absorption
2-69-2 784 70X corn/30% glanded
. cottonseed, 138°C 4 5.86. 13.7: 2.86 0,28 9.79 0.107 203
2-69-8 785 70X corn/30% glanded - : - o
cottonseed, 143°C 4.53 -— 3.32 0.24 7.23 0.058 164
2-69-1 P86 70X sorghum/30% glanded - | S |
cottonseed, 147°C n 13.78 © = 3.06 0.23 7.52 0.046 "208°
2-69-3 787 70% sorghum/30X glanded | : - | o |
cottonseed, 138°C 3.48 - . 3.01 0.24 7.97 0.048 224
2-69-7 P88 60X sorghum/40X glanded - ' - ; 
cottonseed, 138°C " 3.00 _ 15.79 3.21 - -— 03071 -—
2-69-6 789 60X sorghum/40% glanded N o -
: cottonseed, 149°C L 2,96 0 0 == . 3.36 0.26 7.75 0.097 213
2-69-3 F90 60% corn/40% glanded A ' ' | '_
cotton.eed. 169°C ‘.20 ] 15.'0 ; 3027 0. 23 7065 ‘ 00073 213

2-69-4  F91 60% corn/40% glanded : | . '
. cottonseed, 138°C 470 - - - - 0.083 -

Ll




Table .2, Uncooked viscosity data for cottonseed/cereal blends produced on Iasta-Pro extruder.

Code # AERRC Sasple # Centipoise Ho.-rpa Centipoise No.~rpm Bostwick value
2-69-2 P84 70X corn/30% glanded 980 3-20 1,820 3-50 19.4
‘ cottonseed, 138°C 0 7-20 :
2-69-8 P85 70X corn/30% glanded >1,000 3-20 >2,000 3-50. 4.2
. cottonseed, 143°C 5,200 7-20 3,440 7-50 . ‘
2-69-1 - - ¥86 70X sorghum/30% glanded 78 3-20 72 3-50 . >24
' ‘ cottonseed, 147°C 0 7-20 c :
2-69-3 P87 70X sorghum/30% glanded 65" 3-20 - 58 ~ 3-50 >24 -
cottonseed, 138°C : 0 7-20 ' . —
2-69-7 88 602 sorghum/40% glanded 55 3-20 48 3-50: >24
L cottonseed, 138°C 0 . 7-20 1 |
2-69-6 P89 60X sorghum/40X glanded .- 100 - 320 78 3-50 . >2%
cottonseed, 149°C ' -0 7-20 " ‘ : )
2-69-5 P90 60 corn/40% glanded 735 3-20 5718 3-50 19.5
" cottonseed, 149°C (1] - 7-20 : i e
2-69-4 P91 60X corn/40% glanded 1,540 ' 3-20 1,108 3:50 13.17
cottonseed, 138°C -0 : ' :

7-20

0=



Table 3. Cooked viscosity data for cottonseed/cereal blends produced on Insta-Pro extruder.

557

Code # Anc sample # Centipoise ¥o.-rpm Centipoise. 'llo.-r;i-‘ o Bostwick value
2-69-2 784 70X corn/30% glanded S o
cottonseed, 138°C 2,207 -4=20 1,396 - . 4-50 17.4
2-69-8 P85 70% corn/30% glanded | g -
N cottongseed, 143°C 1,710 4-20 1,023 4-50 18.1
2-69-1 P86 70X sorghum/30X glanded | | _
co cottonseed, 147°C 3,420 420 2,028 4-50 13.
' 2-69-3 - P87 70% sorghum/30% glanded |
2-69-7 ° F88 60X sorghum/40X glanded o .
. | cottonseed, 138°C 2,133 4-20 1,216 4-50 16.9
© 2269-6. ° F89 60T sorghum/40% glanded N ~ o
cottonseed, 149°C 2,053 4-20 1,137 - 4=50" 17.0
. 2-69=83 ° 790 60 corn/40% glanded P . _ - ' L
S cottonseed, 149°C 1,313 - *4=20 m 4-50 18.4%
. 2-69-4 P91 60X corn/40% glanded | - N
' S _cottonseed, 138°C . 887 . 4-20 " 4=50" ‘21.3

-12-.
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corn, sorghun and cottonseed (or ioy) might have a desirable unpooked~
viscosity for use as a gruel. |

Extrusion temperatures were lﬁv.r on the Insta-Pro than they had been
on the Brady. This related to the characteristics of the farticular machine
and a difficulty in getting the temperatures higher with the wetter feed
required by the Insta-Pro. Consistent with the lowver tenperntures; higher
levels of free gossypol were found. It may be that gossypol can be teduéed
‘t0 acceptable levels using the Insta-Pro if a higher temperature could, in
fact, be achieved by changing operating conditions or the screw configuration
without resulting scorching of the product.. To date, no such cqnbinatlons
“have been found. Another possibility }l to reduée.trgc gossypol by addition
6! iron salts. Such a procedure could minimize lygine reductions yhtch

currently occur with gossypol inactivation.

Chic ca;

A chickpea/corn/NFDM fotlplation (66/‘4[10) extruded on the Bradj at
160°c vas evaluated for protein quality - in a four-vcek rat gtowfﬁ,utudy.
Weight gain and corrected PER for _thi sample \nn 161;1 + 5‘.1..and 2.84 +
0.05, respectively. Cotrcopbhdigi values for ANRC Casein were 121.2 + 5.9

snd 2.50, respectively.

ﬁothod. Development

During this quarter, laboratory time has been devoted to methodology
development. Attention was directed at lipoxidase, available lysine and
éfnprll analysis by atomic absorption. In addition, procedures had to be
;ork.d,out to grind and sieve roasted soy ;llpl.. for viscosity determination.

At the present time, the evaluation for an extensive series of roasted soy
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samples is in progress. Results including chemical and physical properties
and a rat grovth evaluation will be available before the next quittotly '

report.

Forttfication Levels for CSB

G. R. Jansen has prepared a politton paper on vltantn/-xnoral forttfi-

_ cation of ch-producod CSB in Sri Lankn. Tanzania and Costa Ric.. In
nddition. he is working on a papcr dcaltn; vith prototnlcnetgy characteristico
of these products. Plans arc-undor vpy to usg thoto papers as a beginning
discussion po;nt vith & g:de of»nutiitioﬁ experts consisting of Dr. George
‘Graham, Dr. Saa Kshn, Dr. Herbert Sarett, Dr. Samuel Foman, and Dr. Gerry.

Combs .

GRANULAR BED ROASTER EVALUATION

Roaster Design

Colorado State Univotoity has evaluated several roasters for heat
treating soybeans during the past year. These roasters have all uicd a
hested agitated granular bed of aand or nalt vhich co-mixed with the ooybcanl
to accomplish the roasting. -

One type of roaster tested was designed with i granular bed hna;od'in
e separate heating chamber, conveyed into a contacting chamber vhere beans
and bed mix, followed by a separation and recirculation of the granular bed.
In this case, heat transfer occurs between the heated granules of salt or
sand and the cold beans vhen the two materials are mixed. Also, the beans
are novoi exposed to direct flames. Typically, these roasters have the

following characteristics:



o

2.

3.

4.
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A constant quantity of granular bed materinl exiats in the

.machine which means that the_reciéculhtton rate of the bed

is constant.

Residence time of the beans in the bed is generally fixed by

the rotational speed of the contacting chamber which is equipped

with an internal helix.

'lotn throughput is variable, however, as'througﬁput 15 1ﬁc;eased,

the vﬁlulctric ratio of sand to beans is reduced which can change

roast uniformity detrimentally.

Temperatures of granular bed can be changed by simple burner control.

The roa.tor of the typo studied at CSU 1is the heat sand parboiler

designed by IIRI. Los Banos, Philippinel. Thc,dclign is shown in Figure ‘10.

Operational characteristics are as follows:

1.

4.

The granular bed 1o‘h¢ated through conﬁaét ﬁith a{steei platé
which 1is directly heated with propane butners undcrneﬁth;

A single drum 1u_uscd viih an internal helix as the contact
chamber between the agitated bcd and beans. Attached to the
outside diameter of the dru- are fino vhich drag the granular

bed over the heated plato. couvcytn; thems 1n an opposito direction

to the helix in the contactex.

The heated bed granules enter the contact chamber through small

scoops near the inlet end.
The last third of the contacting chamber is screen which serves as

a separator of sand and beans.

PRI

_ Throughput is approximately 300 pounds per hour.
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Pigure 10. Heated sand parboiler designed by Dr. Amir U Khan for the International Rice Research Ianstitute,
Loo Banos, Philippines
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A second type of roaster, which has been evaluated, 1i'a difcct contact
type roaster. Here s horizontal cylinder fixed with 1n;cfha1 lifting flights
is used to mix and convey beans and the granular bed. In this roaster, both
the granular dbed and intermingled beans c‘scage through hot air in the same
chamber. Such a design improves mixing and thermal efficiency but reduces
residence time control.

Typically, direct contact type roasters have the fdllowing characteriotigc:

1. The quantity of granular bed material in the roaster can be varied,

therefore, a constant heated granule to bean ritio can be achieved
with different roasting rates.

2. Residence tinn'oficontact may be varied by changing slope of the:

roaster and rotational speed of he;t/contpcting'dtun;

3.' Temperature can be regulated by-chaqgins Surnerdcontrola.

_ Tigure 11 shows a direct contact tyﬁe roaster, that vill.be evaluated
in Costa Rica, vhich has been extensively tested at CSU during this quarter.
The roaster is manufactured by Food Processes, Inc., Saginaw, Michigan. The
roaster body 1; made using two concentric drums. Between the outiide druq
and inner drulvio a helix which is used to convéy the granular bed "S" back
to the input end of the roa.tor; ‘The bed 1s then scooped -up té the inner
drum where 1t comes in contact with the beans. The bean/bed mixture is then
couveyed by 1ifting fligths to the output end, and cascades through hot air
from s burner firing directly down the center of the drum. Air is moved

. through the cascade of sand and beans by a discharge blower and heated

using a liquid propane burner located at the bean discharge end of tﬁe drum.
'fﬁc sixture is screened, with the sand falling through the screen, for- |

recirculation vhile the beans exit the chsmber over the tép of the screen.
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The granular bed, in the case of the direct contact roaster, is not the
total heat transfer medium for the beans, but increases the rate of heat
exchange to the beans, isproves residence time control and enhances thermal

efficiency of the roaster.

Costa Rica Roaster Evaluation

The roaster for the Costa Rican installation has been tested a;-CSU to
determine the mechanical characteristics of operation. These tests included
‘studies of the uniformity of soybean movement based on thc.followiﬂg variables:
rotational speed of drum, roaster incline, total sand loading and sand recycl-
ing rate. In addition, the energy balance of the roaster system was deter-
mined using the ambient and exhaust temperatures, the change in sand temperature,
the change in bean temperature, propane gas consumption and auperagé-fot each
test. The results of these tests are given in the next section.

.Chcnicul. physical and nufritional analyses of the roasted soybeans_
sre being conducted to finalize the evaluation of tﬁe roaster for the purpose
of specifying the best operating conditions. When séecifying.thesé_condition;,
an attc-pt.vill be made to match the optimun product quality with the most
efficient mechanical operation. .

During the evaluation tests of the roaster, it was possible t& recognize
and correct some mechanical deficiencies which existed in the original drive
sechaniss. These modifications should significantly improve iée life of the
roaster in continuous operation. This "hands-on" experience égs contributed
greatly toward tpc preparation of ﬁhc operation and training ;;nualn for the
Costa Rican plant. ‘ = i
A eummary of the roaster mechanical characteristics is giizn in Table 4.

A total of four roaster inclines, five rotational speeds, and four sand

loading utu: mﬁ&ﬁ to determine the effects on average dbean :
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Table 4. Direct contact roaster lecﬁinlcal varlablen.

Sand Loading Speed Incline Bean Residence Time Sand Recycling Rate

(kg) (rpm) (cu/m) (ain:sec) _(kg/hr)
0 17.4 3.13 2:51 0
4.69 2:00 0
6.25 1.07 0
0 213 3.1 2:27 0
4.69 1:40 0
6.25 1:18 o
90 17.4 3.13 4124 1,188
4.69 2:59 1,494
6.25 2:16 2,064
90 " 19.7 3.13 4:30 1,068
4.69 2:47 1,368
6.25 2:18 '1,854--
90 27.3 .3.13 4:09 1,260
4.69 2:36 11,860 -
6.25 2:03 2,232
180 17.4 3.13 3:52 2,310
4.69 2:41 3,006
6.25 2:13 3,888
180 19.7° 3.13 <40 2,448
: 4.69 2:12 3,438
| 6.25 1:56 3,906
180 27,3 3.13 3:38 2,580 -
4.69 21 3,978

6.25 1:52 4,128
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.teoldence time and sand recycling rate. Table &4 presents selected

varisbles and results that vere investigated. Other variables investi-

gated included 1.56 ca/m incline, 22.1 rpm and 24.6 rpm speeds, and 135

kg sand loading.

Several observations vere made based upon data presented in Table 4

and on visual analyses of the roaster operation.

1. Effects of the sand loading into the roaster:

2.

b.

Aﬁ the sand loadingﬁy;i increased, the rgjidence,tinc of

the beans vas ugféTnnrrovly distftbé;ed. cientiﬁg a éondition
more clouely.réiulod s ”plugvflou."

The bean residence time vas incrensed?appfoxinite1y>1 ainute
bot;ncn corresponding te;;s with varying sand loadings.__There.
vas lictle noticeable difference in b‘nn-resi&ence times ﬁhen -
sand loadings between 90 nna 180 kg were uacd; |

Sand .pilia;e into the roaster outlet was noticeably greater
vith the 180 kg loadiag than vith the 90 kg loading. This

wvas attributed to a doudbling of the sand recyclinglriie.

Effects of the t@.ntet.rotatlonllblpegd:

LT

Increases of roaster speed fr;-ri7.4 tpm to 27.3 rpa'at a
constant incline hadrncggisiblo cffeqts on bean rcoid?nce

time.

Iﬁércaocs of roaster speed by SO!IQenorally caused increases
of the sand recycling rate by at least 10Z.

Increases of roaster speed from 17.4 rpm to 27.3 rpa produced
undesirable mechanical effects<—such as large amplitude vibra-
tions in the machine and projected shorter roller bearing life.
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3. ‘lf.:fects of the roaster incline:

a. An increase in roaster incline of 1002 proc'luced a 50%
decrease in bean residence time for given values of speed
and sand loading.

b. For a und'loading of 90 kg, increases in incline of 50%
and 100X produced increases in fthe"und recycling rate of
ZSi and 70X, respectively. For a sand loading of 180 kg,
the corresponding increases in the sand recycling rate
were approximately 402 and 6,01' o

A decision vas made, based uson tlie_qo dbletvations, to fix thg speed
of ths roaster at 17.4 rpam prior to tbe next phase of testing ;nd fc;r |
continuous operation in Costa Rica. bpeutiﬁn of the routet; at the ldnst
spesd assured the ibnsest operating life and the nininun operating cosca.

-without noticeably affecting its perfom;\cc.

The next phase of testing 1n;01§ed roasting soybeans under controlled
comditions for the determination of thr roa'itcr energy Salgmce.and rc'harngu
4a product characteristica. | '

A swmmary of the average toaiiins-conditinh 18 given in Table 5. -
‘The following variables were neuund for each test: ambient dry-bulb and
wet-buld temperatures, exhaust dry-buld and wet-bulb tmraturda. bean
falet and outlet (cooking) temperatures, exhaust air fl‘ov rate, and propane
csmsumption. These variables were dependent on the bean feed rate and the
mc»input regulator, which vere both fixed.

A computer progras vas developed to process the d'ata: {and to calculate
‘the energy balsnce and the efficiency of the system. _ The effiéicncy of the

rosster was defined as the heat cncrgy taken up by the beans and moisture



Table S. Average soybean roasting conditions

Bean
feed
rate

865

Bean

Ambient

Bxhaust

cooking Mumber Ambient relative Exhaust relative Propane
temperature of temperature humidity teaperature humidity consumption Efficiency

(°c) tests (°c) 2) (°_¢) (2) (kg/hr) ()
120 6 11 76.8 98 5.1 7.6 51
135 5 1 | 13.9 114 5.3 8.8 . &9
150 6 12 70.1° 118 5.0 9.3 52
120 6 12 78.7 12 13.1 8.2 58

135 y 11 83.3 81 15.7 12.3 s1
150 s 12 78.2 89 1.1 1.4 87 -
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evaporated divided 'by the heat energy provided by combustion of the propane.
Efficiencies were difficult to determine because propane consumption could
not be accurately measured. ‘l'he percentages shown in Tahle 5 represent
averages of severul widely scattered values.

The bean cooking temperature was_controlled by adjustment of the propane
flow and pressure using the propane regulator system. As the cooking tc‘n-‘
p&atuo was raised, the propane 'consmp't.:ion graduily increased. "

The average efficiency for the 865 ksl_hr f'eed rate was higher th.an that .
for the 625 kg/hr feed rate _vhich indicated that more of the propane energy
wvas ioinz direc;tly mtq roasting the soybeans. This result was confirmed
by the fact that the oalhaul“trtelperatpres were lower and the relative
‘midities were higher in the case of the 865. kg/hr feed rate. Based uéod
these results, it appears that the fouter should .be. operated at 85()_;900
kg/br bean feed rate for maximum efficiencs'. .- ‘rhe.rqco-mdcd soybean
cooking temperature will depend on the results of the che-ical andf

fumctional properties, and nutritiona; analyses.

1. Onflctc uchanic;i_ evaluation 6_! Brady

2. cﬁlotc training manual

3. Start-up Costa Rican plant

4. Re-extrude vitanin/mineral formulas
©S. Extruder high oil formulas |

6. Write annual report

7:, Pudlish third LEC newsletter

" '8. Extrude cottouseed samples on the Insta-Prc extuder



9, Write roaster report--including phyaical;’chenidal;;' .
.nutrttional-and functional propeitioa | |
.10, Do rice bran cooking studies
"11. Assemble panel for vitamin/mineral and prqteiélcnotgy

requirement discussions for LEC blended foods _—

VISITORS

- _ _ e
Colorado State University continued to receive a substantial number -of

requests for information vhich have been promptly answered. Our iniling
1list has 1ncroased from the 50 persons vho attended the LEC Uorkshop to
over 250. Im addition. we have had a nu-bot of visitorl during the past
quarter.

1. Ron Badilla, CARBICQitn Rica, San Jole, Costa Rica

2. Stephen A. Youngberg, Pan A-orican Hcalth 8¢rvic¢, San Pedro Sula,
Honduras

3.. Rodney Hanagrith, Bond Engineering, nouat;n. Tex;.
4, Jim Prasche, Denver Research In‘tttut;, Deﬁéer.'CoIOtadp
55 ;8alur1 Reza, Denver l.ncarch Institute, Denver, Colorado
6 Hbo Gormley, Greeley Irading Company, Greeley, Colorado
1. Jtl Seildbach, Grcclcy Trading Company, Greeley, Colorado |
5!’ .thty Hnrton. COuntry Bean Exchange, Inc., North;lonn. COIorado
-.?. Grlnt Knhn. G. L. tuhn. Inc., Sagintv, Michigan
10. Alvtn Pyne, International Multifoods, Minneapolis, Minnesota
i § Py )arry Vermilyea, International Multifoods, Minneapolis, Minnesota
' iﬁ. bick'tulnor. Cargil), Inc., Minneapolis, Minnesota
ugl;; 'rrink Coune, CQrgili, Inc., Minneapolis, Minnesota
.14. GCayle Knoke, Western Agri-Matics, Longmont, Colorado

.15. P. R, Crowley, USDA/ERS, Washington, D. C.



