PURDUE CAPSTONE EXPERIENCE 2011

UNIVERSITY Biological and Food Process Engineering

A!ll‘lﬂllltlll'@l! Blolfnglcal'

Danlielle Dawson, Kathleen Gilbert, Jeffrey Lal, and Chandana Namburi E N G E E R |

Statement of Problem: Process Diagram: | Eg??gmlcs._ e
] ] _ . ] ] Process flow diagram simulated using SuperPro Design tools -
There Is a need for a product that provides children with 20% of their dally - belc?vf/il Igaseeiiogr?rpﬁgseevi:l? Il(;r:icc))n: ?g:)msnizr? dgt?gnslsforeirrr]no?cs;\/r:rﬁents
fiber requirements and is aesthetically appealing while also adding flavor —A— 1 can bé —ode The agar anduoil metr’md could be renlaced b E)Jsin calcium
and sweetness to foods they are already consuming. To produce such a vt G coung wrm—“'p.mfhm 1 calts and al i'n At tog:’e duce inaredient cost: howevzr i rrzla co?n ormise
product, a process utilizing four separate unit operations must be designed g et T T R e the intearit gof he oroduct Adgitional ‘esearch mav 4o into agllditionzl
to be implemented in industry by using or modifying existing machinery and o 0221 2| i T ntegrity P ' y 9 .
Hrocessing techniques FMedoyrpeiets  pamcia drying methods to reduce the cost of the freeze-drying. Alternatively, the
| l product could be made and sold as a wet, chilled product to remove the
: . o . energy intensive drying steps.
Background Review: s i ying StEp
Based on research of previous Inventions. there are Currenﬂy no plgr:';:i.;m 1D SWSHADY l Complete economic evaluation with calculated costs for ingredients, processing, and labor with assumed capital costs
- - - - J - - - Frozen Spheres Viashing (i Tow) Raw Ingredients Vendor/ Source Year Per Year
enCapSUIated SOy prOd UCtS tO prOVIde prOteln and flber In One S dlet Slmllar Even. Watsr Wash Siream Fiber 2.15 [kg Solae / Kgf25495unnnnn 5554.814.25&[![”].0!]
) wFeG Yialer Protein 5.2 Jkg Solae 25495000000 $132,574,000,000.00
encapsulated food products are currently patented to only release flavor = . Ems . e e e e
addltlves to fOOdS- A gel formlng pOIymer and OII Were USEd to form a Water o Distton® - CE/) dnz&%-h—éﬁ?aﬂagmg Pr&;h:?ta"_FDH'.1.':'1 4'@ EII?:I?:G.EId 35!]52 j’rtg ;i;:?ain(i;hemImp.&Exp.Gruuan..L‘[d. 4223333333 ELEEEEEEEEEEE
Insoluble gel matrix around the product. There Is no shrinkage with the . o e s t;.ﬂsé‘{;iiiti et sore.| A f " o macas ot goders
freeze-drying methOd’ a'nd inStea’d prOVideS a’ porous StrUCture tha't a'IIOWS ;zflf;lr]aj::unf DEEDEEJ?I:;iED Handbook of Industrial Drying (Mujumdar, 2007) 426,000,000,000.00 5 19,383,000,000.00 Total for Freeze Drying:
for rehydration and increased application with little flavor and color loss. * In a large jacketed vessel, water is boiled but does not exceed 120°C o o e o o o e e
° In a dOUble armEd m|Xer, m|X (unt” homogenOUS) dry |ngr6d|ents ES:nin%:iEL 3.a;kmu?£k%mduct Heat Exchangers: Selection, Rating, Thermal Design (Kakac, 2002) 156412 $  357,000,000,000.00 iﬂf D35?.2nn:n§n.nn.n.nn Jyear
A I ter n at i Ve SO I u ti O n S : ° Add bOIIIng Water to dry Ingredlent mlxture’ and blend untll homOgenOus Ii:,ni:::;gcﬂsts S.i;:ﬂ:ﬁizmdum http://www.alibaba.com/product-free/106838786/Cup_cake_depositor.htm 196412 §  133,000,000,000.00 imal fDrMiiza;;c:mn.nnn.nnn.nn Jyear
- Running Costs 3.2 kw/kg Product http://www.mixers.com/?gclid=COTEzqOLu6cCFchedAodkgsKBA 6.4E+12 S 448,000,000,000.00 5 448,000,000,000.00 /year
Diﬁerent drying mEthOdS (Shown belOW) Were explored to determine and Pur:']p mIXtu re tO a Cgunte;-curc:‘ent tUbe-and-She” heat eXChanger and ;::igzum 3.20 kw/kg Product http://www.industrialfilter.com/products_processing.htm 1.6E+12 S 112,000,000,000.00 ;malfDrExi[ltfzI;Ijg;jDDD.DDD.DD [year
Identlfy pOtentIaI alternatlve proceSS deSIQnS based On ShEIf'Ilfe, aESthetICS COO tohbe.::’lween 1Oho C an 95 C h d bI d ] d dd E:?;ﬁg;is:iim]m isis }Ezztzgz ::::::Ezzz::zzzjzz:g:zizz izizs:z i 4;2;;1?32;:; ;DTE o 223?535.?14.29 fyear
Of the flna.l prOdUCt, eC0n0m|C ImpaCt On Storage and prOceSS|ng Cond|t|0ns, ¢ Fr?m t e ea.i[ eXC anger, pun]lphto t e Ou e arme m|Xer an a. ?:ﬁ:?f;;?;mm] $0.30 /box http://www.packagingprice.com/ see Table $ 19,821,428.57 ol o Tamsmoraton
COSt, and tlme. CO Orlng and fa.vorlng, mIX untl Omogenous | | | | | f:;;ri:nglinstz 50.05 5/ kg Product Food Processing Technology: Principles and Practice (Fellows, 2000 74000000000.00 S 3,590,184,744.64 imalfDrLabDi,EED,lszl,?M.ﬁd [year
* Using an industrial dropper, drop the mixture into chilled oil bath (similar e e O SO mionte
Water activity and temperature for oven-dried samples vs. freeze-dried samples to the one employed by pOtatO Chlp precesseS) Assume 6% %018 (Additional/ uni) ° 233,100,000.00 5 233,100,000.00  fyear
Sample Water Activity Temperature (degrees Celsius) . : o oty o
e o e Separate the oil and spheres by use of conveyer s .
e — - o Us!ng a produce washer, rinse _vvet spheres using ccgld water angpics
Not fresh before drying 0.988 22.3 ’ USIng a t.UnneI ﬁjeezer’_free_ze rlnsed Spheres tO -20 C Profit (1st yr):
o - - 5 1,043,616,3800.37
10 degrees Celsius for 20 min o o In_ a contmuqus |ndustr|aI_S|zed freeze-dryer, freeze-dry frozen spheres
40 degrees Celsius o 70 i oa7s 24 + Fill freeze-dried spheres into 4 oz cup and seal P e e
: . ) Store In rOOm Wlth humldlty IeSS than 80% to prevent Water VapOr S.F'IamDperatesSEDda'yS,-"year.EDhnurz;"da'y_'.'.uithﬂ,hclurz;’dayauailablefclrlclading
>0 degrees CelSIUS for 80 min 0.976 22.5 - I:.J:Z:I?:Eiii:.g?s‘E;jl?u?::tgent;na};iuknt:uir:fjlrjgifar:su for the plant, with an additional 10% markup for distributor, increased to the nearest tenth of a dollar
; : absorptlon ﬁ:ﬁ«ssunfepdcapitalcnstnfEDmilliundtilars i o ; |
50 degrees Celsius for 40 min 0.962 22.4
Sustai bility: A Return on Investment (ROI) Is calculated to measure the performance of
Summary of advantages, disadvantages, and conclusions about drying options for FIBitz ustalnanlil y " one Investment COmpared to another. ROl Is a percentage that Is based on
gptionD | Ad\llantage | Disgzyarlltag:]e : '(Al\r)l:clusri]orrl] I There are some areas for sustainability in our process involving the chilled returns over a time period, usually one year. The formula used to calculate
ven Drying [ Inexpensive e Shrinks the product though the texture turned our favorable the - - - - - - .
. Keops the flavoring + Makes product tougher moisture and the variable processing oll unit process. Once the oil has cooled the product, it will be re-circulated the ROI is: (Gain from Investment — Cost of Investment)
e Gummy texture e Increases microbial issues parameters (drying time, humidity, and air to a heat eXChanger to reduce Its temperature and then returned to the oll ROI =
Need less colorin i i i i i | Cost of Investment
o g (coloring (incubates) circulation) made this dryer non-ideal. . .
became concentrated) . Large moisture content bath. Other areas of reuse would include water in the heat exchangers
: Ezzi'y available y ij:me'yva”ab'e based on being used In Initial heating of the water, as well as using the evaporated For the dried and dehydrated fruit industry:
Vacuum e Semi-inexpensive e Shrinks product dramatically | The texture, color, and flavoring were all water from the freeze'dryer- ROJ = ($26.4 million — $20.7 million) — 0.275 = 27.5%
Drying e Better microbially than oven e Product becomes hard changed in non-favorable directions. Even - $20.7 million - - 70
drying e Discoloration (turns dark) though it was fast, we did not think the speed o . o .
+ Fast + Loss flavoring was enough to compromise the quality of our Global Im pact. This industry invested $26.4 million, but after one year, it'll have a return of
product. _ _ _ _ _ - : : _
Freeze | Noshrinkage + Color muted The color muting was minimal and the Not only does this problem help mothers provide their children with a $5.7 million. For food supplement stores for protein and fiber:
Drying e Flavor retention e EXpensive expense is something that can be optimized "y - _fi . $54.7 million — $48.7 million
e Virtually no microbial issues  |e Less available in future work. Overall, we believe this was nUtrlthU.S alternatl-\/-e o sugar filled breakfast foods with added fat’ but _ ROI = ( — ) = 0.123 = 12.3%
» Extremely low water activity [ Long drying time the kind of drying that would provide our Evaluation of additional target consumers could lead to the launch of FIBItz $48.7 million
hich | helf d ith the b , d col . .y . . . . - - : ‘11; T4
iy e oshe D lo sloe extondine shlf e and baing. in additional markets such as: geriatric patients, who are in need of protein This industry invested $26.4 million, but after one year, it'll have a return of
virtually microbially clear and fiber with the limited capability to chew vegetables or other fiber-rich $6.0 million. For FIBitz:
Results of Fibitz after drying for 40 minutes with an oven dryer (left) and a vacuum dryer (right) fOOdS; vegans, who are limited by their diet and must still receive adequate ROJ = ($391,746,656 — $391,686,351) — 0.0002 = 0.02%
| = nutrition; ‘health conscious’ young adults who are looking for more variety in $391,686,351
their diets; and soldiers, who are in need of shelf-stable, energy providing The profit would be smaller than other industries’ because the FIBitz
products that are low weight and therefore relatively inexpensive to ship. Industry starts as a small business with small-scale production. This
Additionally, our product also affects the local soybean market. industry invested $391,746,656, but after one year, it'll have a return of
$60,304.99.
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