‘% j Pam Tree Processing

Coconut Sweetening Process

Elizabeth Casey
Justin Dillingham
Mohd Hussain
Prady Stewart

PAE 4027 - Senior Desian

Aorll 274 2006



Table of Contents

JLIE= Lo (S T USSR ii
10T [T i o] o [T PPPPPPPPPPPRP 1
Problem DefiNItION .......ccooii ettt a e e e e e e e e aaaas 1
PrOJECt SCREAUIE. ... ..ttt e e e e e e e e e e e e e 1
StateMENT OF WOTK. ...ttt e e e e e e e e e e e e et e eeenneeeeeeesnnnnes 2
INEFOAUCTION ...ttt et e e e e e e e e st et e e e e e e e e e e e e e e e e e e aaaaas 2
L0 ToT TSRS (=T 017 PP 3
D U 0o o PP 3
CoNVEYANCE 1O COOKEY ...ttt e e e e et r et e e e e e e e e e e e e e e e e s ennnns 4
(00 70) (F 1o JF=T 010 =1 1= 0o |1 s 4
BLI= 1001 1 o R SSPPPPPPPPPRR 4
=101 = T 1 o PP 5
10NV ZSE 1o F= 4[] o PP PPPPPPPPPPPR 5
Properties of DesicCated COCONUL...........cceeeeeeriiiieee e e e e e e ee e e e e e e e e e e e 5
Sweetening and Rehydration Process of Desiccatedrit................ooovvvvivviiiiieeeeeee e e 6
Classification and Measurement of Desiccated COTOMLL. .........cvvvviiieeeeerriiiiiiiiinieeee 7
Classification STANAAIAS.........uuureeiiirri e e et e e e e e e e eeeeeeeeeeeeessssennnnns 7
MeaSUremMENt IMELNOMS ..........uuiiiiiiiiiiii et 8
DTS (o o I O 1 (=T - 8
CONCEPL DEVEIOPMENL. ... e e ettt e bbb a e e e e e e e e e e aaeaaeeeaaes 9
Measurement Methods and RESUILS..............uuuiiiiiiiiiii e 10
ASAE StANAard SA24........coooiuiieeeee e et e e e ettt e e e e e s a b e e e e e e e aaaa e a e eaaaeeannraes 10
S U TR 10
Image Analysis With MatLab............ooo e 11
LSS T | U PP PSPPI 12
(7o) o] o= 1] (0] N =21 1] o S 12
S T= 10 ] 0] L= I =S 1 Vo USSP 13
Testing and Analysis of Potential SOIUtIONS..............uuuuiiiiii e 14
Proposal A - STEAM INJECTION ......eiiiiiiii e e e 14
[

Pam Tree Processing



TeStNG QNG RESUITS ...ttt e e e e aaaaaae s 15

Proposal B - Replacement of AUGEr CONVEYOT ..ieeiiiiieeieiiiiiieeeeee e e e 16
RESEAICN RESUITS ...ttt e e e e e e s e 17
Proposal C - Replacement of Cooker with Tumble B&En...........cccooeeiiiiiiiiiiiiiii s 19
TeStNG ANG RESUITS ...t e e e e e e aaaaae s 20
COST ANAIYSIS. ..ottt e ettt e e e e e e e e e e e et a ittt e e e e e e aaaaas 23
Final RECOMMENALIONS. .......coiiiiiiiiee et e e e e e e e e e e e e s e e nnnnes 24
RETEIENCES. ...ttt e e seee e e s e e e e e e e e e e e e e eeeeeenene 26
Appendix A: Codex StANAAIT L77......ccooe e i r e 27
APPENTIX B: TIS 320-2522...cceeeeeeeeeeeeeeeeee ettt 31
Appendix C: ASAE Standard SA24...........uuuuuiiiiiie ettt e e e e 34
Appendix D: Camera System Manual.............oooiiiiiiiiiiiiiiiii e 38
Appendix E: Image ANalySiS RESUILS............uueiiiiiiii e 48
Appendix F: CoSt ANAIYSIS SNEETS. ......uuuiiiiiiiiiiiie e 61
i

Pam Tree Processing



Table of Figures

Figure 1. Griffin’'s COCONUL FIAKES.........ooviiieeii e 1
Figure 2. Flake Length Before and After ProCessing...........ccvviiiiieiiiiiiiiiiiiiiiieeeeee e 1
Figure 3. Process FIOW CRaI...........uuuueiiiiiiiii e e e e e e e neea e e e e e e e e e e e eeeaeneennnne 2
1o U ST B 1= (W3 0] o 1= PP 3
FIQUIE 5. AUGET CONVEYO ...ttt e e e e e ettt s s e e e e e e e e e e e e e eeeaaeeeeeeeeeeseaennnnnnnnes 4
Figure 6. Double Ribbon Agitation COOKET.........cc.oiiiiiiiiiii e 4
Figure 7. Tempering BaITEIS.........cccooiiiiiieeee et e e e e e e e e e e e e e e e e e e e eeaereeannne 5
Figure 8. Unloading the Barrel for Packaging .............ccceeeiiiiiiiiiiiiiiiceee 5
FIQUIE 9. SIBVE SBEUP . ..uutiiiiii ittt eee e e e s e e e e e e e e e e e eeeeeeeeeenannes 10
Figure 10. CamMEra SETUP......ccooiiiiiiiiit ettt et e e e e e e e e e e e e e e e e e e nnnrr e e e e e e e e aeeaeeaaeaaanns 11
Figure 11. Image Processed in MatLab ...........ccooiviviiiiiiiiiiiiiiiie e eee e e eeeee e 12
Figure 12. Sample Coconut Clump after Steaming ...........cccoovvviiiiiiiiiiiiiiciee e eee e 16
Figure 13. Inclined Flighted Belt Conveyor (www.kanilex.com) ..........cccooeeeeeiiiiiiiiiiiinnns 17
Figure 14. Slant-Cone TumbIe BIENUET ..........ueeeiiiiiiiiiiiii e 19
Figure 15. Double-Cone Tumble BIENdEr..........coeeeeeeiiiiiieeeeeccre et e e 19
Figure 16. V-Shaped Tumble BIENUEN .........cooi e 20
Figure 17. FAPC V-BIENdEr........ooooiiiiiiiiii ettt an e 20
Figure 18. Coconut Balls Formed after BIeNding ...........ccoooviiiiiiiiiiiiiiiiiieeeeeeeeeeeeeees 21
Figure 19. Patterson Kelley V-BIENAET ...........uueiiiiiiei e erree e 22
i

Pam Tree Processing



Introduction

Sweetened coconut flakes are a popular confectiggreduct used in a broad array of
foods. Coconut flakes enhance various food prasesuch as texture, flavor, and visual appeal.
Griffin Foods is one of many companies that sweatahpackage

desiccated coconut flakes for placement into thelnmarketplace.

A bag of their coconut is pictured in Figure 1.
Figure 1. Griffin’'s Coconut Flakes

Problem Definition

After learning that many consumers demand the Istilgegth of coconut flakes
possible, Griffin Foods examined their coconut picid They noted a decrease in flake length
after processing, as seen in Figure 2. When cozdparcompetitors such as Baker’s and
Mounds, the coconut Griffin’s produces is noticgadiiorter. To remedy this, Griffin’s
contacted the Palm Tree Processing Group. In

an initial meeting, the team learned that the Before Process'ing After Proce'ssin

major distributor of Griffin’s coconut flakes

prefers the sweet flavor of Griffin’s but desires
the length of the leading competitors. The Pa
Tree Processing Consulting Group worked wi

Griffin’s to improve the length of their coconut

flakes. Figure 2. Flake Length Before and After Processing

Project Schedule

The team divided the project into two major pactsresponding to the fall and spring

semesters. Each semester was further broken ddawiasks and subtasks. The main tasks for

&
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the fall semester included definition of the probjdackground investigation, development of a
method to determine average flake length, andioreat potential solutions. In the spring
semester, the team finished developing the measuntemethod, researched each potential
solution, then tested and analyzed these solutiBased on research and testing results, the

team created a final recommendation for Griffin’s.

Statement of Work

Introduction

Griffin Foods, a family owned and operated businksxks to provide consumers with
the highest quality food products available. Dgraweetening of their coconut product,
Griffin’'s notes a decrease in flake length. Tleisdth degradation may occur during any of five
process steps: delumping, conveyance to cookekimg and agitating, overnight tempering
and packaging, see Figure 3. Palm Tree Procesgammined each of these process steps to

determine where and to what extent flake lengthrat#sgion occurs.

Delumper

Tempering

Packaging

Figure 3. Process Flow Chart

Pam Tree Processing



After visiting with various Griffin Foods employgethe team better understood the
objectives and limitations of the project. At dwmpletion of the project, the team made
recommendations on alternative process equipmehtreathods. These recommendations
should increase final product length, increase gssinig capacity, and improve the quality of

work for employees.

Process Steps

Velimping

Pre-shredded desiccated coconut is supplied tdifGibods in fifty pound bags. The
coconut in these bags often hardens during stofageing large clumps. These clumps must
be separated before processing to ensure unifoeatewing. Each bag of coconut passes
through a delumper comprised of rotating spikesefearate these clumps. Griffin Foods

employees designed and built their current delupgiewn in Figure 4.

”l'l’ﬂl’l'l'l'l f '1 Ul

e M

Figure 4. Delumper
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Conveyance to Caoker

The next step in processing is conveyance of addtakes (0 jumm
the cooker by use of an auger contained within & P\e, as shown
in Figure 5. The conveyor operates at 30 hertmdamtain acceptablg
production capacity. The dimensions of the conveye as follows:
horizontal length of 124 inches, vertical length/@finches, and
diagonal length of 140 inches. This conveyor feagly clogs,
therefore increasing production time. Often onhg @mployee
works the sweetening process line so if the convelpms, he must

stop what he is doing and manually shake it toamdl Figure 5. Auger Conveyor
Cooking and Blending

Griffin Foods currently uses an agitation-type legrowith a
volume of 20 cubic foot. Two ribbons, as seeniguFe 6, rotate in
opposite directions to ensure blending of the caterith the slurry.

The direct agitation of the ribbons causes prodegradation as the

.| flaked coconut grinds against the sides of the enoRhis agitation

occurs throughout the entire conveying processdamiehg cooking.

Figure 6. Double Ribbon Agitation Cooker

Tempering

After cooking, the batch of coconut is emptied in&orels for overnight tempering as
shown in Figure 7. This ensures uniform moistusgrithution throughout the product. No
apparent product degradation occurs during temggehiowever, clumps form due to the sugar
and moisture added from cooking. These large ctumpst be separated before packaging.

L 4
e
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Figure 7. Tempering Barrels

Fackaging

Packaging begins by unloading the barrels into

another auger conveyor. This step requires extens|
manual labor because of the clumps formed during
tempering, as seen in Figure 8. Employees usd s
paddles to empty the barrels and separate the slu
for the conveyor. After the conveyor, the product

. Figure 8. Unloading the Barrel for Packaging
passes through a second delumper into the packaging

machine. Griffin’s employees did not recommend tha team make any modifications to this

process step.
lnvestigation

Properties of Desiccated Coconut

Griffin Foods uses desiccated coconut from thdigphines to produce their sweetened
coconut flakes. According to Woodroof (1970), deated coconut is prepared by shredding the
coconut meat and drying it to a moisture of 2-5Pfieumatic conveyors then send this dried

£ 5
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coconut to packaging. After packaging, the bagsséwred until shipment. Coconut strands,
averaging 1/16 inch in width, often lose palatépiéind tenderness after prolonged storage and
microorganism contamination. Minimizing the stardgne before shipment and processing
reduces this deterioration.

According to research done by Reginald Child (39@84dsiccated coconut should be pure
white in color and crisp with a fresh taste. Theanut should contain between 68-72% oil with
less than 0.1% free fatty acid. During shippiig, toconut temperature should remain below
35°C or the coconut may exude oil, leading to stgiof the product and increased probability

of spoilage.
Sweetening and Rehydration Process of Desiccated Coconut

Most American companies use coconut from overs@&as coconut is dried to a
moisture content of 5% or less for shipping. Unfoately, low moisture content flakes have a
low quality taste and texture. To improve the duamoisture is incorporated back into the
product. The addition of water alone can actuadlgrease the final product quality by
producing a matted texture and off-flavor. The oSBumectants, such as creamed coconut,
prevents these problems.

U.S. Patent 4363825, submitted by General Foodgdtation (1981), describes one of
the various ways to rehydrate and sweeten coctaked intended for bakery and/or
confectionery purposes. During shipping and stréigkes compact together and may form
chunks or bricks of coconut. General Foods fitegp $n creating sweetened coconut separated
these chunks by steaming the bag for up to 60 siscofihe coconut remained in its original
shipping bag during both the steaming and the teslbefore the next step. Following

steaming, General Foods dumped the coconut flakesthe shipping bag into a churn rotating
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between 10 to 14 rpm. Once at 65°C, they spray@damed coconut and propylene glycol
solution onto the coconut flakes for 2 to 8 minutééter coating the flakes with liquid,
powdered sugar is applied onto the coconut for@nanutes. This mixture then churned for up
to 5 more minutes. To ensure uniform moisturerithigstion, they removed the coconut flakes
from the churn and placed them into a stainless stentainer for up to 170 hours.

Woodroof (1970) describes another method to redtgditesiccated coconut. The process
began by loosening the coconut by injecting stegmthe bags. Employees then placed the
coconut into a mixer where addition of the slurcgars. Employees prepared the slurry by
dissolving invert sugar in water and heating thistame to 180°F. They ran the mixer on low
speed for 2-3 minutes to blend the desiccated adaeith the slurry. After mixing, the blended
coconut and slurry sat for 15-30 minutes. Thisnfigla produced a product with 11-12%

moisture content.

Classification and Measurement of Desiccated Coconut

Classification Standards

Numerous companies throughout the world productedrdesiccated coconut. Two
standards exist for classifying coconut flakesdngth: Codex Standard 177 and Thai Industrial
Standard 320-2522.

Codex (2001) created a classification systemifercommercialization of grated coconut.
Codex Standard 177 specifies three types of codmamed on granulometry: extra-fine, fine or
medium. Appendix A contains this standard in risrety.

Standard 320-2522, developed by Thai Industri@¥r9), specifies grades, marking,

sampling and other criteria for classifying destedacoconut. They developed 5 grades on the
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basis of particle size: coarse, medium, fine, sfiper and fancy. This standard is located in

Appendix B.
Measurement Methods

The American Society of Agricultural Engineers (&898eveloped a standard to measure
the average length of chopped forage materialsAppendix C. The method involved the
screening of particles through sieves stackedoadlyi with the largest apertures at the top and
the smallest at the bottom. The sieves were filkgd the material to be tested, and then
oscillated at a certain frequency to sift the péeti through the screens. After sifting, the weigh
in each sieve was measured. Using the weighttenddrresponding sieve size in a standardized

logarithmic equation, Equation 1, average parscte was calculated.

2 (Mi |097i)

X, =log?| “ag— Equation 1
)0

where Xgm = geometric mean length
Yi = geometric mean length of particles Biséreen

M = mass on'iscreen

The Journal of Food Engineeri(@004) described another measurement method for

irregularly shaped materials. It used image amalgsquantify the length of shredded cheese.

Desian Criteria

Griffin Foods provided the team with specific regments to consider while researching
and developing potential solutions for the improeatof coconut flake length. These

requirements were considered when selecting fe@mmendations.
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One such requirement was that their recipe magimatge. Current consumers prefer

the sweet flavor of Griffin’s coconut product ovke flavor of the leading competitors. Any

alteration of the recipe could change this dediiar and/or the physical properties of the
coconut.

Any change in process steps must meet or excaffthGmpresent production capacity.
It currently takes approximately 12 hours to cortgokeday’s worth of processing. If the

capacity decreases, the production time could as&e This would cause labor costs to increase

while the quantity of product processed would renthe same.

Another requirement was that any recommendatiost asily fit into Griffin’s current

production line. This would allow for an easy s#ion from the existing line to the improved
line and minimize downtime.

Coconut production is a minor part of Griffin Feooperations, therefore minimal funds
are available for any potential improvements. €fae, Palm Tree Processing took cost into

consideration when evaluating potential solutioms making final recommendations.

Concept Development

Before developing potential recommendations, ¢laent determined exactly where and to

what extent flake length degradation occurred.sTéquired a method of quantifying flaked

coconut length after each process step. The pedegnadation for each step could then be
calculated using Equation 2.

P= [ Xy = X”‘lJ (1L0%% [Equation 2]
where P = Percent degradation
X, = Average length ofthprocess step
Xn1 =

Average length of previous process step

9
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Measurement Methods and Results

Palm Tree Processing found two methods regardessorement of the length of

shredded or flaked material. The team evaluateld pethod and chose the best for use with the

project.

ASPE Standard 5424

ASAE Standard S424 (1988) described one such methbe team modified this

standard for use with coconut flakes. The tegpirogedures were as follows:

* Weigh 255 mL of sample and record

» Align 5 sieves in decreasing size, see Figure 9

(0]

(0]

0]

0]

0]

» Shake sieve manually for approximately 15 seconds

* Remove each sieve carefully and weigh contents Figure 9. Sieve Setup

9.5 mm

6.3 mm

4.75 mm

3.35mm

2mm

» Calculate geometric mean length using Equation 1

» Calculate percent degradation using Equation 2

* Repeat for each sample

Kesylts

The team tested several samples using the modifs&E standard and obtained average

flake lengths. To verify these results, the teagasured a sample of flake lengths by hand. The

£
P
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average length calculated by the team was signtficgreater than that calculated using the
standard. This method also showed an increadakia fength during processing. Because
processing can only degrade flake length, this otefitoved invalid for use with flaked

coconut.
Image Analysis with Matlab

After failure of the modified ASAE standard, tleam created a modified version of the

image analysis method described in The JournabofiFEngineering2004) to determine the

average flake length of a coconut sample. Thisotktused the computer program MatLab to
analyze images of flaked coconut. The testingqulaces were
as follows:

* Setup 3-bandwidth camera as shown in Figure 10

» Spread coconut sample evenly on black construction

paper, careful to avoid overlapping
* Record length between camera and paper
» Capture image of coconut sample as a ".tif’ file

* Use Mat Lab to analyze image and determine mean

flake length in pixels
» Convert pixels to millimeters Figure 10. Cera Setup
» Calculate average flake length in Excel
» Calculate percent degradation using Equation 2

* Repeat for each sample

* Note: A detailed instruction manual is provided in ApdenD.

11
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Kesylts

The team tested a set of samples with this ndethmages were taken and processed in
MatLab. The Image Processing Toolbox in MatLabvewsted each picture into black and white
pixels, see Figure 11, counted the number of wdirends, and determined the total area of
white pixels. The number of strands and total arege entered into Excel and the average
length was calculated, refer to the instruction nam Appendix D for detailed methods and

equations.

Figure 11. Image Processed in MatLab

As with the ASAE method, the team measured a saoifflake lengths by hand and
compared it to the average flake length computathudatLab. There was only a 10%
difference between the two, and the majority of thifference was likely caused by human error
when measuring by hand. The team found thesetsesatisfactory and decided to use this

method to determine the average flake length fwaahples.

Competitor Testing

Palm Tree Processing used the MatLab image asadbahnique to compare the average
flake lengths of each of the leading competitonalf products to Griffin’s final product. The

results are shown in Chart 1.

12
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Chart 1. Competitor Length Comparison

4,
2
0

Current Griffin's Bakers Mounds

[Eny
N
]

=
o

[e¢]

Average Length (mm)
(o))

Sample Brand

These results show that Griffin’s current averdgkef length is comparable to Bakers.
However, a relatively new competitor, Mounds, haseerage flake length about 5 millimeters
longer than Griffin’'s. Based on these results,té@m aimed to make an improvement in length

of 5 millimeters or more.

Sample Testing

Finding the image analysis with MatLab method sgséul, Palm Tree Processing tested
the samples collected after each process stepte@nefound the average flake length after each

step, see Chart 2.
Chart 2. Average Length of Coconut Flake

11
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Using these lengths with Equation 2, the teamutaled the percent degradation for each
step. The results are provided in Table 1.

Table 1. Average Length and Percent Degradation of Coconut &tes

Sample  Average Length (mm) % Degradation

Initial 17.05 0
Delumper 15.15 11
Auger 11.99 21
Cooker 8.51 29

These results show that the average flake lereghadies after each step of the process,
with the most degradation occurring in the cookEne overall degradation from the beginning
to the end of the process was 50%. Appendix Eanosithe raw data for each of the tests.

At the completion of testing and analysis, thertedentified where and to what extent

flake length degradation occurred. The team basedcommendations on this information.

Testing and Analysis of Potential Solutions

At the completion of the fall semester, the teaeated three potential solutions: steam
injection, replacement of auger conveyor, and @plzent of cooker with tumble blender.
Before making any final recommendations, the tesstetl and analyzed or researched each
proposal to determine two things: whether the a#teve would work for the process and how

much, if any, improvement in length it would make.
Proposal A - Steam Injection

Results showed a total of 30% degradation causdxbtiythe delumper and the auger
conveyor. The team felt that this would be an ligaat of the process to consider replacing due
to the large percent degradation. During thediige review, the team discovered that another

coconut processing company used direct steam iofetd break up clumps of coconut flakes

14
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that formed during storage. Based on this inforomatone of the potential solutions was to

replace Griffin’s current delumper and conveyorhatdirect steam injection system.
Jesting and Keaults

After researching steam injection, the team didfimot a direct steam injection system
that resembled the system mentioned in U.S. P4888825. However, they did find steam
equipment, such as steam tables or steam blanetidcd) could be suitable alternatives.

To determine if Griffin’s should implement a steaystem, the team looked to test one
such system. They met with Dr. Tim Bowser, assegaofessor in Oklahoma State
University’s Biosystems and Agricultural EnginegyriDepartment, and he recommended that
they first test the steam table in the Food andofural Products Center (FAPC) to determine
if steam could successfully separate clumps of mocoThe team met and ran several tests with

the steam table. The results are summarized iteTab

Table 2. Steam Table Results

Total Steaming Time (sec) Coconut Clumps Broken Up?
10 No
30 No — only the immediate outside was broken up
60 No — a large clump remained in the middle
90 Yes

These results showed the team that a steam systdthossibly replace the delumper if
steam is applied for at least 90 seconds. Howdversteam time could not exceed 90 seconds if
the current production capacity was to be mainthinBwo 50 pound bags of coconut were used
for these tests and when the bags were openedadaly clumps remained. The team decided
to run a second test at a later date with a diffececonut sample to verify that the steam system

would work for each and every bag of coconut.

15
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At a second visit to Griffin’s, the team shared tésults of the first test. Griffin’s
employees said that there could be no change ar obthe coconut flakes with a steam system.
The team also received a bag of coconut that waitasito a hard brick. They tested this bag
with the same conditions that were successfulerfitist test. The test showed no apparent color
change, but the steam unsuccessfully separatesbtomut clumps. A large clump remained in

the middle of the sample, with several other smialnps surrounding it, see Figure 12.

Figure 12. Sample Coconut Clump after Steaming

The results of the second test proved to the thatrat steam system would not be a
suitable replacement for the current delumper bee#&uwvould not fulfill each of the project

goals, namely to improve Griffin’s current procées capacity.
Proposal B - Replacement, of Auger Conveyor

After the initial visit to Griffin’s, the team bielved that a major improvement in coconut
length could be made by replacing the auger conweitb an alternative type of conveyor. The
results showed a 21% degradation of coconut flakgth after auger conveying, confirming the
team’s initial observations. At the end of thed &@&mester, the team proposed replacing the

auger conveyor with a pneumatic or bucket conveyor.

16
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Pneumatic conveyors use air to move materials aaahopped forage and grains of
short to medium length. They have variable cajcwith the potential for high speeds, but
also have high power requirements.

Bucket conveyors utilize buckets attached to ancbhabelt to move free flowing
materials such as grains, flakes, or chips. Tlaetigh capacities while efficiently and gently

handling materials, but can require extensive neaigwhice due to the large number of moving

parts.
Kesearch Keaults

At the beginning of the spring semester, the teshwith Dr. Brusewitz, professor
emeritus in Oklahoma State University’s Biosystand Agricultural Engineering Department,
to discuss the various types of conveyors. Tegchurch courses as ‘Processing Agricultural
Materials’ and ‘Food Engineering,” he was knowleglgle on each of the different conveyor
types available and their suitable applicationg ditl not recommend using a bucket conveyor

because of the short conveying length, requirelih@cand

numerous moving parts. He also did not recommked t
pneumatic conveyor. Pneumatic conveyors have high
power requirements, can be very costly, and areuses!
for longer distances. He did, however, recommesidguan

inclined flighted belt conveyor for the desired Bgtion.

Figure 13 shows one example of an inclined flighiel

conveyor.

Figure 13. Inclined Flighted Belt
Conveyor (www.kamflex.com)

17
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To determine whether an inclined flighted belt\eeyor would be a suitable alternative
for the auger conveyor, the team looked to test drieey contacted several different companies
that supplied this type of conveyor, such as Faodé€ssing Equipment Co. (FPEC) and Meyer
Industriesand none of them had a conveyor available forrtgstiThe team went back to Dr.
Brusewitz who suggested contacting the local gaaithcement mills. The OSU feed mill had
several different conveyors, but nothing similaatttighted conveyor. A representative of
Dolese Concrete told the team that he did not kabavflighted belt conveyor anywhere around
Stillwater. Finding the grain and concrete milisuccessful, the team talked to Dr. WeckKler,
assistant professor in Oklahoma State UniversByosystems and Agricultural Engineering
Department He recommended contacting other universities. t€am called the University of
Arkansas, Kansas State University, and Texas A&Nveisity. None of these universities
knew of any flighted belt conveyors the team cdakt.

At this point the team turned to research andipatibns to validate recommending an
inclined flighted belt conveyor. Two separateces were found that supported using belt
conveyors over other conveyor types. Dave Norhsales manager for Brandt Ag Products,
stated that numerous grain handlers have switalo@d duger to belt conveyors due to an
increased concern with seed quality (Johnson, 2088)said that belt conveyors not only help
maintain product quality, but also require halhasch power and can increase capacity when
compared to auger conveyors. The Prairie AgricaltMachinery Institute (PAMI) noted
similar observations. They conducted a study terd@ne the effect of conveyor type on grain
qguality. Their findings showed that belt conveymnpart the least amount of damage on grain
(about 1%), whereas auger conveyors did the masada on the grain (about 3%) (PAMI,

2002).

18
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Proposal C - Replacement of Cooker with Tumble Blender

Results showed an average of 29% degradation ohcodlake length after cooking and
blending. Based on observations of Griffin’'s enyeles during a trip to another coconut
processing facility, the team looked into replading ribbon agitation cooker with a tumble
blender. A tumble blender is essentially a chamb#r a single agitation bar going through its
center. This bar can add liquid ingredients axti@nber rotates, allowing gravitational forces
to mix the components. This form of mixing prodsieeminimal amount of shear to the product.
There are currently several tumble blender vessgdeas available including: slant-cone, double-

cone, and V-shaped.

A slant-cone tumble blender consists of a con@ati@hamber Slant-Cone
mounted at an angle to the ground, as shown inr&ith (Gemco, 2004).
This angle causes uniform blending with the baakfanth motion of the

product during rotation. This design also offeksesy fast blend time with

minimal blend variation. However, it requires eglaheadspace.

Figure 14. Slant-Cone
Tumble Blender

The double-cone blender is made of two conesrtitate around

Solmalone the support bar, as shown in Figure 15 (Gemco, R00Ae compact

design of the double-cone blender allows for grelalending volumes
with minimal space requirements when comparedherdblender
shapes. Due to decreased movement within the aramhiss shape

requires a longer blending time.

Figure 15. Double-Cone
Tumble Blender
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The V-blender consists of a V-shaped chamber seEigure 16 V-Shaped

(Gemco, 2004). This shape causes the producptrae and intermesh

very efficient blending, but can be difficult tceein.

Z VN
continuously during rotation. The V-shaped tunttiEnder design offers :‘:—gy‘*—#f—

Jesting and Kesults Figure 16. V-Shaped
Tumble Blender

This semester the team explored the differencegdset Griffin’s current ribbon-
agitation cooker and a tumble blender. The mosionis difference the team noted was that a
tumble blender does not add heat while mixing tiggadients, whereas Griffin’s current process
adds heat throughout. Palm Tree Processing tdstesffects that V-shaped tumble blenders
had on coconut flake length during processing usihmdifferent blenders and different
methods of adding ingredients.

The FAPC at Oklahoma State University houses &iledd V-shaped tumble blender
manufactured by Patterson-Kelley Company, see Eigidr The team used ingredients from
Griffin’s processing plant in Muskogee, OK while

testing this tumble blender. These ingredients

consisted of premixed sugar slurry and unprocesse
coconut. However, the ingredients remained in
storage for four weeks before testing was performe
This allowed the solid ingredients in the slurry to

precipitate. To correct this, the slurry was heated

Figure 17. FAPC V-Blender

mixed in a steam-jacketed kettle to 195°F. After ingredients were prepared, the V-shaped
tumble blender was filled to approximately onedtof its total size with Red V desiccated

coconut flakes. The heated slurry was then addedtly into the blender with the coconut
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flakes. The team ran the blender formiidutes. After this processing, the team noti¢ed the
texture of this product did not appear similar gssed at Griffin’s. Results of image analysis
with MatLab showed a degradation of only 10% aspmamd to 29% using Griffin’'s cooker.
After this initial testing, the team attemptedea@nd test using the V-shaped blender at
the FAPC. For this test, the team mixed the rayvadients of Griffin’s slurry minutes before
processing. This slurry was heated to 200°F tlieddo the coconut in the blender. For this
test, the team filled the blender to two thirdsteicapacity. After an initial blending period ®f
minutes, powdered sugar was incorporated into lgveder in accordance with Griffin’s current
recipe. The blender then ran for an additionalifutes. The product appeared similar to the
results of the previous test, but formed largesbailicoconut, see Figure 18. Using Matlab, the

team determined the degradation of this test t8486

Figure 18. Coconut Balls Formed after Blending
After analyzing the results from the preliminargtee Palm Tree Processing contacted the
Patterson Kelley Company and arranged furthemgsti their pilot facility in East Stroudsburg,
PA. Dr. Tom Chirkot, an expert on tumble blendergpared an eight liter-capacity, V-shaped
tumble blender with a low-shear high-speed intgrsitr for coconut processing, see Figure 19.
The low-shear high-speed intensity bar passes ghrthe center of the blender and allows for

uniform distribution of liquid ingredients with mimal shear to the product during mixing. Dr.
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Chirkot informed the team that the intensity baxmmazes the blending performance of the V-
shaped blender. For both of the tests performgt &ters of dry ingredients were added to the

blending vessel.

Figure 19. Patterson Kelley V-Blender

The first test at Patterson Kelley’s facilities smted of blending all of the dry
ingredients in the blender for one minute, follovisydaddition of the liquid components of the
slurry. The unheated slurry was added throughnitje-intensity bar at room temperature over
the course of three minutes. After the additiothefslurry, the ingredients mixed for an
additional minute. The product exhibited no sighslumping after processing, but did not
appear identical to the product processed by @isfiturrent cooker. Results of MatLab image
analysis showed a degradation of 9% during the test

In the second test at Patterson Kelley’s faciljttas team prepared the slurry in a method
identical to Griffin’s current practice, except fine absence of salt. The dry coconut flakes and
salt were added to the blending vessel and alldevéaimble for 30 seconds. The slurry was
then pumped through the high intensity additiondiadt60°F over the course of six minutes. Dr.

Chirkot then opened the vessel and added the additpowdered sugar called for in Griffin’s
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recipe. The vessel was closed and allowed to teifidblthree minutes. After completion of
blending, the product appeared identical, bothallgiand texturally, to that currently processed
at Griffin’s facilities. Results of MatLab imagealysis showed a degradation of 6% during this

test. A summary of the results of all tumble blentsts are summarized in Table 3

Table 3. Blender Degradation Results

Type of Blender Percent Degradation
Griffin’s Ribbon Cooker 29%
FAPC V Blender — Test 1 10%
FAPC V Blender — Test 2 34%
Patterson Kelley V Blender — Test 1 9%
Patterson Kelley V Blender — Test 2 6%

The results of the FAPC tests as compared todlterBon Kelley tests show that the
low-shear high-speed intensity bar is essentiatimmizing degradation while preserving a
product similar to that currently produced by Gn. Blending the ingredients without the
high intensity addition bar resulted in a produdike that of Griffin’s and, as seen in the FAPC
Test 2, actually degraded the coconut more thaffilasicurrent cooker. The results between
the two Patterson Kelley tests show the importaridesating the slurry. Failure to add heat to
the slurry caused an extra three percent degradatid also resulted in a product unlike that of
Griffin’s. Overall, the results show that degradatcan be reduced by more than 20% while
maintaining a product similar to Griffin’s when ngia V-shaped tumble blender equipped with

a low-shear high-speed intensity bar.

Cost Analysis

When evaluating the potential solutions, the teaalyzed the cost of each. Table 4

shows the projected cost of each recommendatienAppendix F for detailed cost sheets.
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Table 4. Cost Summary

Equipment New Cost Used Cost
Imag:cﬁgggsis $2.879
V-Blender with $120,000 $25,000

intensifier bar

Kamflex quoted the new cost of a cleated belt cgavand Patterson-Kelley quoted the
new cost of a V-blender with intensifier bar. Tteam researched similar used equipment and

found an average cost.

Final Recommendation

Palm Tree Processing’s final recommendation tofi@rfoods consists of three parts.
First, the team recommends that Griffin’s purchitagseMatLab image analysis package to
monitor length quality in future applications. $hpackage would allow Griffin’s to pinpoint
any source of degradation when altering their égo new customers or when modifying their
process for any reason. It would also put Griffiahead of their major competitors because
none of them currently have a system to quickly arcurately quantify flake length.

The second recommendation is for Griffin’s to repl#éheir auger conveyor with a
cleated belt conveyor, specifically Kamflex sei8d4. Research showed that this replacement
could reduce degradation by two thirds. It wodkbancrease productivity because this type of
conveyor rarely clogs, unlike the current augeneyor which clogs frequently.

The last portion of the team’s recommendation ieeface the ribbon agitation cooker
with a Patterson Kelley 20 cubic foot V-shaped tlentilender with a low-shear high-intensity

liquid addition bar. This replacement would redtloe current degradation of the cooking step
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by 23%. It would also increase Griffin’s currembg@uctivity because it requires less time for
uniform blending.

Palm Tree Processing believes that these recommiensléit each of the design criteria
set forth by Griffin Foods early on in the projedthey will prevent flake length degradation,
maintain Griffin’s current recipe, and increasedurctivity all at a reasonable cost. These
recommendations would also allow for an easy ttemsinto Griffin’s current line because of
the similar dimensions of the old equipment toribev.

For both of the equipment replacements recommenbedeam suggests that Griffin’s
purchase new equipment because they would both wathgersonnel training, technical
support, and a guarantee. The used equipmentcbiseaby the team was not identical to that
guoted by Kamflex and Patterson Kelley, and wowllaome with the features included with
the new equipment.

If Griffin Foods implemented each of these recomdagions, the team projects a length
improvement of approximately 7 millimeters as sge@hart 3. This shows that the new
average flake length would be more than doubletineent length. A length improve of 7
millimeters surpasses the team’s goal of 5 milleneand would place Griffin’s as the producer

of the longest average coconut flakes on the market

Chart 3. Final Projected Length
16
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Appendix A Codex Standard 177

Please see attached.

Pam Tree Processing
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Appendix B: 115 520-2927

Thal |ndUStrIa| Standards TIS 320'2522 (197991andard for Desiccated Coconut

Date of Establishment: 2 November 1979
Date of Public Notice in the Government Gazette: 2Bebruary 1980

I n the event of any doubt or misunderstanding arising from thistranslation, the standard in Thai will be held to
be authoritative.

1. Scope

1.1 This standard specifies grades, requirements, food aeklitiygiene, container, weight and
measure, marking and labeling, sampling and criteria folocanity for desiccated coconut.

2. Definition
For the purpose of this standard, the following defin applies:
2.1 DESICCATED COCONUT: The product obtained by drying dih@nulated or shredded white
meat of the fully mature coconut kernel, Cocos nucifera.lity means of a mechanical air
drying.

3. Grades
Desiccated coconut shall be of 5 grades when classifiduedvesis of article sizes by means of mechanical sifting.
3.1 Coarse shall be as follows.
3.1.1 Particle size: 3.35 mm to 4.76 mm, not more th&h lp weight
3.1.2 Particle size: 2.00 mm to 3.35 mm, not less tB&by weigh
3.1.3 Particle size: less than 1.AU mm, not more thant®/538eight
3.2 Medium shall be as follows.
3.2.1 Particle size: 2.00 mm. to 2.80 mm, not more th&h Ay weight
3.2.2 Particle size: 1.40 mm to 2.00 mm, not less tB&h By weight
3.2.3 Patrticle size: less than 1.00 mm, not more th&i Bysweight
3.3 Fine shall be of 1.40 mm to 1.68 mm, not more th& by weight.
3.4 Super fine shall be of less than 1.00 mm.
3.5 Fancy type shall be of the bigger size and of the shapesatiffirom those specified in clauses

3.1to 3.4.
Remark: The sieve aperture size in mm is equivalent ®. Bnesh No. as given in the table below.
The sieve aperture sizemm B.S. meshNo.

1.00 16
1.40 12
1.68 10
2.00 8
2.80 6
3.35 5
4.76 =

4. Requirements

4.1 General requirements
Desiccated coconut shall be natural white, crisp and sweetdhaatural taste of coconut. It
shall be free from rancidity, musty or other objectionaloleur, insect infestation, fungus and
foreign matter.

4.2 Parings The brown specks due to parings in coarse oumagtades shall not exceed 10
particles per 100 g when tested by the method prescrilzdlse 10.2.

4.3 Colour The colour of desiccated coconut shall not be dekper0.2 Red, 0.7 Yellow and 0.1

Blue on the Lovibond tintometer scale for all grades whesraéhed by the method prescribed
in clause 10.3.
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4.4 Bacterial contamination 4.4.1 Desiccated coconut shall noaicobacteria of the Salmonella
group in each 50 g of sample when tested by the method debariblause 10.4. 4.4.2 The
coliform count shall not exceed 10/g when tested by theadethscribed in clause 10.4.

4.5 Chemical requirements The product shall comely with the chenaigairements given ifwie 1.

Table 1 Chemical requirements (clause 4.5)
Item Requirement Analysis as clause
i 0

Mo_lsture content, max. % by 3 105
weight

Oil content, min. % by weight 60 10.6
Free fatty acid, aslauric acid, ma 0.3 10.7

% by weight of extracted oil ' ‘

5. Hygiene
5.1 The hygiene of product shall conform to TIS 34-197an8ard for General Principles of Food

Hygiene.

6. Container
The container shall be clean, strong, durable, hermetmediied and free from undesirable

odour.

7. Weight and measure
7.1 Net weight of each container shallt be less than that declared on the label.

8. Marking and labeling

8.1 The label shall conform to TIS 31-1973, Standard forgeadrPrinciples of Labelling Industrial
Products.

8.2 At least there shall be figures, letters or code indicatiadatowing information clearly and
legibly on each container.
(1) Name of the product "Desiccated coconut"
(2) Grade
(3) Net weight in SI unit
(4) Code or manufacturing date
(5) Name of manufacturer or factor or trade mark or name é&ipac distributor
(6) Country of origin

8.3 Any person who manufactures the industrial products camplyith this standard may use the
standards Mark in connection with his products only &féeting received a license from the
Industrial Product Standards Council.

9. Sampling and criteria for conformity
Unless otherwise agreed upon, the method of sampling shesl fodows.
9.1 Lot: The product of the same grade and manufactured at tleetgaem
9.2 Sampling
9.2.1 The product shall be drawn at randosm the same lot and the number of containers
selected shall comply with those specifiedait 2.
9.2.2 The order of containers to be drawn shall be in danoe with the following formula.

r=N/n
Where r =the order of sample to be drawn
N = lot siz¢

n = sample size
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Table 2 Sampling plan (clause 9.2.1)

Lot size (N)Container Sample size (n)Container

Less than 50 2
51 to 150
151 to 300
301 to 500

501 to 1000

1001 and above

©O©|o|N|O1|Ww

9.3 Preparation of test samples.
With a pasteurized spoon, approximately equal quantityeofrtaterial shall be taken from each
of the selected container till the quantity collected is at B2&y; mixed together in
pasteurized, air-tight container and pt at 5-10°C. Whendtette sample shall be divided into
two parts, one for micro-organism analysis mid the difwechemical analysis.

9.4 Criteria for conformity
The lot shall be considered as conforming to this stanmtardded that the: test results on
sample obtained from clause 9.3 meet all the requirements sdeniftlause

Pam Tree Processing
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Aopendix C: ASAE Standard 5424

Please see attached.

Pam Tree Processing
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Appendix V1 Camera System Manual

Calculating the Average Length
of Coconut Flakes
Using Image Analysis in MatLab

Instruction Manual

Developed by:

Elizabeth Casey
Justin Dillingham
Mohd Hussain
Brady Stewart

With the help of Roshani Jayasekara

; BIOSYSTEMS &
AGRICULTURAL
ENGINEERING
Pam Tree Processing PSR
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At the start of our Senior Design Project, no measurement method existed for the
calculation of the average length of irregularly shaped materials. Our team, Palm Tree
Processing, researched several different methods and determined that none were
suitable for coconut flakes. With the help of one of our graduate students, Roshani
Jayasekara, we developed a measurement method using image analysis.

Image analysis with MatLab can be used to determine the average length of materials
such as coconut flakes. The image processing toolbox in MatLab converts digital
pictures into black and white. It then calculates the white area and the number of white
objects. These values are placed into an Excel spreadsheet and the average length is
calculated.

When compared to the average length measured by hand, the length calculated with
MatLab was extremely accurate. Therefore, we recommend using image analysis with

MatLab for the measurement of any irregularly shaped materials, especially coconut
flakes.
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In order to successfully use this measurement method, we recommend the following
equipment:

= Digital Camera* = Camera Stand*
= Available at www.ebay.com = Available at
www.bugeyedigital.com/product_index/ind
ex001-camera_acc-
copy_stands_light_boxes.html
= Item #: HP Photo Smart M307 = Item #: BRA-DIG-DPCS1812
Digital Camera, 3.2 MP

igEyeDigital.cona

= MatLab Software with Image
Processing Toolbox
= Available at
www.mathworks.com

MATLAB.

* You may substitute alternative pieces of equipment for those recommended.
However, we feel that these would work best for this application.
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The image analysis method involves two major steps: taking the picture and calculating
the average length. To achieve accurate results follow the step by step instructions
below.

Taking the Picture
= Turn on camera
= Turn off automatic flash
= If available, set picture format to .tif
= Set camera at desired height on camera stand
= Note: keep camera at this height for all pictures
= Spread sample of material, such coconut flakes, on black paper
= Separate any overlapping material, i.e. flakes
= Take picture

Calculating Average Length
= Open MatLab
= Paste in program (see page 4)
= Replace D:\.tif with file pathway of picture in line 1 of the program
= Run program by hitting enter
= Read Area and num off of program output
= Insert into Excel program (see page 6)
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The most important part of this measurement method is the MatLab program. This
program converts the desired picture into black and white, counts the number of white
objects and determines the total area of white pixels. The program is provided below.

I=imread('D:\.tif");
figure,imshow(l)

IR=I(:,:,1);
RED=I(:,:,2);
GREEN=I(:,:,3);

figure
subplot(1,3,1),imhist(IR)
title('IR histogram”)
subplot(1,3,2),imhist(RED)
title('RED histogram’)
subplot(1,3,3),imhist(GREEN)
titte(GREEN histogram’)
I2=RED>(120);
figure,imshow(12,[])

se=[010;111,010]
e=imerode(I2,se);

[L,num]=bwlabeln(e,8);
num

Area=bwarea(e)

imshow(l2), title('Original’)
figure, imshow(e), title('Eroded’)
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= Look through the camera and mark the actual physical boundary of the photo that
will be taken.

= Measure the area of the marked boundary.
= Measure Mat Lab picture screen area, i.e. area on the computer screen.

= Enter both areas in their respective places into the excel chart (i.e. first cell labeled
“Average Length (mm)”).

= There is no need to correct any other parts of the excel program.

= Below is the actual formula for length conversion. Note that when entering the
measured physical area as well as the Mat Lab screen area, it will automatically be
entered into the equation below:

Enter both areas in this part of the formula

\

(((area from Mat Lab*18644)/1444210 )*(area of the marked physical boundary of
the photo/Mat Lab picture screen area)*(1/1.5875)*(1/#of strands from Mat Lab) )

where: 1444210 is the # of overall pixels in Mat Lab picture.

18644 is the # of pixels per unit of area of Mat Lab picture.
1/1.5875 is the average strand width
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= Open the Microsoft Excel program. The Excel spread sheet is already
provided with formulas to calculate the average length of coconut flakes, as
shown in Table below.

Table 5.1
Sample | Tetal area Average | Average Length | Percent
Process number {pixels) |Zof strands| length {mm) | of Sample {(mm} | Degradation
1 56414 185 12.66
2 B0142 165 12.85
3 67781 167 14.31
4 6783 180 13.08
V.Blender 5 45721 139 12.61
March 8 13 43180 159 9.58 (e R
14 54010 184 10.35
15 h6544 185 10.78
28 57720 190 10.71
29 44872 171 8.25

= Insert the number of strands obtained from the MAT Lab program into its
corresponding column in Excel sheet, as shown in the table.

= Insert the calculated area, obtained from the Mat Lab program in to its
corresponding column in Excel sheet, as shown in the table.

= The average length in millimeters will be automatically calculated. The
“actual picture area” in the given formula for the average length is
developed according to the lab test performed by the coconut processing
group. Make sure that you change only the “actual picture area” in the
formula depending upon your setup, as shown in the figure below.

Formula for calculating Average Length
(((column 3*18644)/1444210)*( area of the marked physical boundary of
the photo/Mat Lab picture screen area)*(1/1.5875)*(1/#of strands))

Table 6.2
Sample | Total area Average | Average Length | Percent
Process | number {pixels) |#ofstrands| length {mm) | of Sample (mm) | Degradation
1 BE414 185 12.66
2 G0142 165 12.85
3 B7701 167 14.31

The “average length of the whole sample” in millimeters as well as “percent
degradation” will be calculated automatically. The formula for both of these is
already included in the Excel program provided.
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If you experience any problems while using this method please refer to the
trouble shooting guide below.

Problem

Possible Cause

What to Do

Picture
will not
read into
MatLab

Wrong file type

Find out if the camera used had the
ability to take image/pictures in “*.tiff’
format.

If the camera saves the image as “*.jpeg”
format, change the format as “*.tiff”,
using Microsoft Paint or Adobe
Photoshop.

Make sure not to make any changes to
the image when changing the image
format.

Simply open the image using the above
mentioned softwares.

Click on “File” and then click on “Save
As...” in the drop down menu. When the
Save box appears click on “Save as
type:” and select “*.tiff” from the drop
down menu, and then click “Save” in the
Save box. This should save the image in
the format specified.

Wrong file
location

Make sure to specify the correct path
name for the image in MatLab as to
wherever the image is saved on the
computer. For example,
“C:\images\picturel.tif".

Also make sure the image is in “*.tiff" or
“* tif” format for MatLab to read.
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Make sure the image is taken under

Dark and good or constant lighting conditions so
bright Lighting as to distinguish between black and
pictures white areas in the image.

» For pictures that are fuzzy or appear too
white, change the Red histogram number
according to the histogram curve.

* Make sure that this number is less than
the front end of the peak as shown in the
figure below. For example, in the MatLab
program, line 15, the number in the
“I2=RED>(120);” needs to be

Eroded ) .
. approximately 100-110 in the Red
picture The Red : . .
. . histogram curve as shown in the figure
too white histogram
below.
or too number
black in “12=RED>(120);" | = — e
MatLab EELT L TiL) J —— This is the
. Red
. . |~ histogram
) : yd front end
: ) 2 peak.
1 1 /D:
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Aopendix E: Image Analysis Results

Please see attached.
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Appendix Fi Cost, Analysis Sheets

Image Analysis Package:

Purpose:
* A uniform method of quality control is achieved wihe image analysis package.

Components: _ Cost
» 3.2 MP Hewlitt Packard digital camera. (www.staptes) $150
e 18"X12” Digital Pursuits camera stand. (www.bugeigidl.com) $60
* MatLab featuring Image Processing Package. $2669

(www.mathworks.com)

Description:

* The digital camera is mounted to the camera sfhdtos taken

with the camera are then processed in the imageegsoing feature
in MatLab.

Total Cost: $ 2879
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Cleated Belt Conveyor

Purpose:
* The conveyance of raw coconut flakes to cookerf@emvith minimal damage to
material.
Components: __cost
« Kamflex® Quick-Ship Series 811 (www.kamflex.com) $10,520
Description:

» Stainless steel conveyor with cleated, molded ioldsiting with
an overall length of 12 ft and belt width of 12 Trhis item
features an infeed hopper for loading of mateAddo included
are cleanout ports to assist in sanitation and teaance.

Total Cost: $10,520
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V- Blender with Spray Bar:

Purpose:
» Cooking and sweetening of the coconut flakes.
Components: _ Cost
« Patterson Kelley V Blender (www.patkelco.com) $120,000
Description:

» Stainless steel 20 cubic feet V- blender with Itweea high
intensity bar.

Total Cost:  $120,000
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About Griffin Food Company

Founded in Muskogee, OK in 1908 by
John T. Griffin

Major products available:

Syrups s
Jellies and preserves W
Mustards

Coconut flakes

Food
Company
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Problem Definition

» Consumers demand the longest length of
coconut flakes possible

» Flake length of Griffin’'s coconut degrades
during processing |
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Competitor Length Comparison
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Project Goals

Pinpoint and quantify degradation

Make recommendations to:

Prevent flake length degradation
ncrease processing capacity

mprove quality of work for employees

Palm Tree Processing



Process Steps

Delumping
Conveying to cooker
Cooking and blending
Tempering
Packaging

Palm Tree Processing



Delumping

* Clumps of coconut form during storage
» Delumper used to separate clumps
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Conveying to Cooker

« Auger transports coconut
from delumper to cooker

— Contained within PVC pipe
* Frequently clogs
* Limits processing speed

p a?? 2/
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Cooking and Blending

» Double ribbon agitation
cooker

 Blends slurry, sugar
and coconut

* Runs continuously
during delumping and
conveying

P .
e
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Concept Development

Quantifying coconut flake length
Modified ASAE Standard S424
Image Analysis with MatLab

Potential Solutions

PDO0Sa
PDO0Sa

PDO0Sa

A — Steam Injection
B — Replacement of Auger Conveyor
C — Replacement of Cooker

Palm Tree Processing



Image Analysis with MatLab

* Setup camera system

* Prepare sample

— Separate overlapping
material

« Capture image

4/27/2006
Palm Tree Processing
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Image Analysis with MatLab

Process image In
MatLab

Input data into Excel

Calculates average
length

area from MatLab x actual picture area
122.97 x # of strands xMatLab picture area

Average Flake Length =

Palm Tree Processing



Results

20

Average Flake Length (mm)

Initial Delumper Auger Cooker

Process Step
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Proposal A — Steam Injection

* Researched direct steam injection systems
 FAPC testing
— Steam table

* Did not meet project
goals

£
B 14
|\ s
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Proposal B — Replacement of
Auger Conveyor

* Inclined flighted belt
conveyor most suitable

— Requires half as much
pOower as auger conveyor

— Increases capacity
— Extremely gentle on product

4/27/2006
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Proposal C — Replacement of
Cooker

» Focused on tumble
blenders

« FAPC testing
— 8 L V-blender

« Patterson Kelley
testing

— 8 L V-blender with
Intensifier bar

P .
e
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Proposal C — Replacement of

Cooker

Type of Blender

Percent Degradation

Griffin’s Ribbon Cooker
FAPC V Blender — Test 1
FAPC V Blender — Test 2

Patterson Kelley V Blender — Test 1

Patterson Kelley V Blender — Test 2

4/27/2006
Palm Tree Processing

29%

10%

34%

9%

6%
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Evaluating Proposals

» Potential length improvement

» Ease of transition

* Cost

4/27/2006

Palm Tree Processing
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Cost Analysis

Equipment New Cost
Imagzcﬁggg’s's $2,879

T oo
V-Blender with $120,000

Intensifier bar

4/27/2006

Palm Tree Processing

Used Cost

$5,000

$25,000
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Final Recommendations

Image analysis package
To monitor length quality

Kamflex Series 811 Cleated Belt Conveyor

Patterson Kelley 20 ft3 V-blender with
iIntensifier bar

Palm Tree Processing



Projected Length Improvement
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Introduction

Sweetened coconut flakes are a popular confectiggraduct used in a broad array of
foods. Coconut flakes can enhance various foopgsties such as texture, flavor and visual
appeal. Griffin Foods is one of many companies shaeeten and

package desiccated coconut flakes for placememtliat retail

marketplace. A bag of their coconut is pictureéigure 1.
Figure 1. Griffin’'s Coconut Flakes

Problem Definition

Many consumers demand the longest length of cadtakes possible. Griffin Foods
has noted a decrease in its flake length aftergs®ng as seen in Figure 2. When compared to
competitors such as Baker’s and Mounds, the cod@niftn’s produces is noticeably shorter.

The major distributor of Griffin’'s coconut

flakes prefers the sweet flavor of Griffin’s bu
desires the length of the leading competitorg
The Palm Tree Processing consulting group
working with Griffin’s to improve the length

of their coconut flakes.

Figure 2. Flake Length Before and After Degradation

Statement, of Work

Introduction

Griffin Foods is a family owned and operated bussngedicated to providing consumers
with the highest quality food products availabluring sweetening of their coconut product,

Griffin’'s notes a decrease in flake length. Degtamh of coconut length may occur during any

&
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of five process steps: delumping, conveyance ¢&eQ cooking and agitating, overnight
tempering and packaging. Palm Tree Processingewalinine each of these process steps to
determine where and to what extent flake lengthratésgion occurs.

After visiting with various Griffin Foods employggthe team better understood the
objectives and limitations of the project. At gwmpletion of the project, the team hopes to
make suggestions or recommendations on alternaitoaess equipment or methods. These
recommendations should improve final product lengtbcessing capacity and quality of work

for employees.

Process Steps

Velimping

Pre-shredded desiccated coconut is supplied tdiriSFibods in fifty pound bags. The
coconut in these bags often hardens during stofagring large clumps. Each bag of coconut
passes through a delumper comprised of rotatirigespo separate these clumps. Griffin Foods
employees designed and built the delumper showgitre 3. This unique design makes it

difficult to modify or replace.

| '

WY W Y Y E ¥V 753
wiris _ ! Andieiay

o

W AREOA g
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Figure 3. Delumper
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Conveyance to Caoker

The next step in processing is conveyance of agcon

flakes to the cooker by use of an auger containdima PVC i =8
pipe as shown in Figure 4. To maintain currentipodion
capabilities, the conveyor must operate at a spéatlleast 30
hertz. This conveyor carries the coconut uphitijting the
selection of possible replacements. For examptenaeyor
belt with considerable slope may cause coconuefid& slip.
Initial observations show that this step may caudecrease in
flake length. It also increases production timeause of
frequent clogging of the conveyor. Figure 4. Auger Conveyor
Griffin’s employees believe that the longer themaut spends in the cooker, the more
degradation the product undergoes due to the mgtatbbon agitators. These agitators operate
continuously as the coconut is conveyed and fexthrg cooker. Minimizing the time spent

conveying the coconut will minimize the time spanthe cooker.
Cooking and Blending

Griffin Foods currently uses an agitation-type legrosimilar
to the one shown in Figure 5. Two ribbons rotatepposite
directions ensuring blending of the coconut wité gurry. The

direct agitation of the ribbons may cause prodegrddation as

flaked coconut grinds against the sides of the enolgitation

occurs throughout the entire conveying processdamiehg cooking.

Figure 5. Double Ribbon Agitation Cooker
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Shortening the time spent in the agitation-typekeos may help improve final product
length. Griffin’'s employees discovered that otbeconut processing facilities use a tumbler
blender and experience less product degradatiahe kooker is replaced, its capacity must

meet or exceed the current batch size of 1800 mund
Tempering

After cooking, the batch of coconut is emptied in&orels for overnight tempering as
shown in Figure 6. This ensures uniform moistusgridbution throughout the product. No
apparent product degradation occurs during temggehiowever, clumps may form due to the
sugar and moisture added from cooking. These ktgeps must be separated before

packaging.

Figure 6. Tempering Barrels

e 4
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‘%‘ ii Pam Tree Processing



/735/@&7/’/74

Packaging begins by unloading the barrels into
another auger conveyor. This step requires extensi
manual labor because of the clumps formed during
tempering as seen in Figure 7. Employees use small

paddles to empty the barrels. This may lead teeased

product degradation. The conveyor frequently clodb  Figure 7. Unloading the Barrel for Packaging
the processed coconut, thereby stopping the guditkaging process. After the conveyor, the
product passes through a second delumper intoatkeaging machine. The team can only

modify the conveyor portion of this process.
lnvestigation

Properties of Desiccated Coconut

Griffin Foods uses desiccated coconut from thdigfiines to produce their sweetened
coconut flakes. According to Woodroof (1970), deated coconut is usually prepared by
shredding the coconut meat and drying it to a mogstf 2-5 %. Pneumatic conveyors send the
dried coconut to packaging. After packaging, tagdare stored until shipment. Coconut
strands, averaging 1/16 inch in width, often loability and tenderness after prolonged
storage or microorganism contamination. Minimizgtgrage time before shipment and
processing should reduce this deterioration.

According to research done by Reginald Child (398dsiccated coconut should be pure
white in color and crisp with a fresh taste. Theanut should contain between 68-72 % oil and

less than 0.1 % free fatty acid. During shippithg, coconut temperature should remain below
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35°C or the coconut may exude oil, leading to stgif the product and increased probability

of spoilage. Griffin’s should attempt to store toeonut below this temperature.
Sweetening and Rehydration Process of Desiccated Coconut

Most American companies use coconut from overs&as coconut is dried to below
5% moisture content for shipping. UnfortunatebyyImoisture content flakes have a low quality
taste and texture. To improve the quality, mossigrincorporated back into the product. The
addition of only water can actually decrease thalfproduct quality by producing a matted
texture and off-flavor. The use of humectantshsag creamed coconut, may prevent these
problems.

Patent 4363825, submitted by General Foods Caiporél981), describes one of the
various ways to rehydrate and sweeten coconutdlaktended for bakery and/or confectionary
purposes. During shipping and storage, flakes emmjogether and may form chunks or bricks
of coconut. General Foods first step in creatiig lquality sweetened coconut separates these
chunks by steaming the bag for up to 60 seconti&e cbconut remains in its original shipping
bag both during steaming and the dead time bef@@&éxt step. Following steaming, General
Foods dumps the coconut flakes from the shippimgii@ a churn rotating between 10 to 14
rpms. Once at 65°C, they spray the creamed co@mlipropylene glycol solution onto the
coconut flakes. Spraying should last between&nuonutes, preferably at most 5 minutes.

After coating the flakes with liquid, powdered sugasprayed onto the coconut for 4 to 6
minutes. This mixture churns for up to 5 more nwsu Removing the coconut flakes from the
churn and placing them into a stainless steel aoatdéor up to 170 hours before packaging

ensures uniform distribution of moisture.
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Woodroof (1970) describes another method to redtgditesiccated coconut. The process
begins by loosening the coconut by injecting steamthe bags. Employees then place the
coconut into a mixer where addition of the slurcgwrs. Employees prepare the slurry by
dissolving invert sugar in water and heating thistane to 180°F. They run the mixer at low
speed for 2-3 minutes, blending the desiccatedradawith the slurry. After mixing, the
blended coconut and slurry sets for 15-30 minuféss formula produces a cut of coconut with
11-12% moisture content.

The sweetening and rehydration process varies fnasiness to business. Griffin Foods
may incorporate some of the steps of these methtaitheir current process to improve their

final product.

Classification and Measurement of Desiccated Coconut

Classification Standards

Numerous companies throughout the world productedrdesiccated coconut. Two
standards exist for classifying coconut flakesdngth: Codex Standard 177 and Thai Industrial
Standard 320-2522.

Codex (2001) created a classification systemifercommercialization of grated coconut.
Codex Standard 177 specifies three types of codmamed on granulometry: extra-fine, fine or
medium. Appendix A contains this standard in risrety.

Standard 320-2522, developed by Thai Industri@¥r9), specifies grades, marking,
sampling and other criteria for classifying destedacoconut. They developed 5 grades on the
basis of particle size: coarse, medium, fine, sfiperand fancy. This standard is located in

Appendix B.
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This project requires calculating the averagetleiofj coconut flakes. Little information
is available regarding the measurement of shreddednut length. The methods described in

the two standards for classification may be modifee determine an average flake length.
Measurement Methods

The American Society of Agricultural Engineers (&898eveloped a standard which
includes a step by step process for determinintickeasize of chopped material by screening,
see Appendix C. ASAE designed this standard tosoreathe average length of chopped forage
materials. The team may modify this standard fayajp to shredded coconut.

The standardized method involves the screenimguicles through sieves. The sieves
are stacked vertically with the largest apertuegadpat the top and the smallest at the bottom.
The sieves are filled with the material to be te@stad then oscillated at a certain frequency to
sift the particles through the screens. Afteirgiftthe weight in each sieve is measured. Using
the weight and the corresponding sieve size imdstrdized logarithmic equation, Equation 1,

average particle size is calculated.

Xgn = Iog‘l{z‘(wIi log X )} [Equation 1]

2M
where Xgn = geometric mean length

Yi = geometric mean length of particles Biséreen

M = mass on'iscreen

Cross checking the results from this method agamsndividual measurement of each

particle within the sample could verify the accyrat this method for determining average
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coconut strand length. This standard could pirtpehrere length degradation occurs by
comparing the average particle size after eachegostep.
Few methods exist for measuring the length ofdidted or flaked materials. The Journal

of Food Engineering2004) describes an experimental method for meastine length of

shredded cheese through image analysis. This ohetihdd be modified for use with flaked

coconut.

Desian Criteria

Griffin Foods provided the team with specific regments to consider while researching
and developing potential solutions for the improeetof coconut flake length. These
requirements must be met in order to satisfy Grsgfneeds.

One such requirement is that their recipe maychahge. Current consumers prefer the
sweet flavor of Griffin’s coconut product when coangd to leading competitors. Any alteration
of the recipe may change this desired flavor anith@physical properties of the coconut.

Any change in process steps must meet or exceecuthent production capacity. It
currently takes approximately 12 hours to compédetiay’s worth of processing. If the capacity
decreases, this time could potentially increadeis Would cause labor costs to also increase
while the quantity of product remains the same.

Another requirement is that any recommendationtmasily fit into Griffin’s current
production line. This should allow for an easysiion from the existing line to the improved
line. Construction time of the improved line sttbbke minimized to prevent potential downtime.

Coconut production is a minor part of Griffin Feoaperations. Griffin’s has minimal
funds available for any potential improvements.erBfiore, Palm Tree Processing must take cost

into consideration when evaluating potential solusiand making final recommendations.
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Concept Development

Before developing potential recommendations, ¢laent must determine where and to
what extent flake length degradation occurs. Tédgiires a method of quantifying flaked
coconut length to find the average flake lengtkradiach process step. The team will compare
lengths before and after each process step. Teemelegradation for each step will then be

calculated using Equation 2.

P= [%J (L0 [Equation 2]
where P = Percent degradation
X, = Average length ofthprocess step

Xn1 = Average length of previous process step

To achieve the most effective results, the tealinbase its recommendations on the

step(s) with the highest calculated percent degi@ata).

Sample Testing

Palm Tree Processing found two methods regardegsorement of the length of
shredded or flaked material. The team will evawesdach method and base its recommendations

on the best of the two.

10

Pam Tree Processing



Procedures

ASAE Standard S424 (1988) describes one such mhethbe team modified this
standard for use with coconut flakes. The tegpimgedures are as follows:
* Weigh 255 mL of sample and record
* Align 5 sieves in decreasing size, see Figure 8

o 9.5mm

e

0 6.3mm

o 4.75mm

0o 3.35mm

0 2mm

» Shake sieve manually for approximately 15 seconds
* Remove each sieve carefully and weigh contents ur 8. Sieve etup
» Calculate geometric mean length using Equation 1

» Calculate percent degradation using Equation 2

* Repeat for each sample

&
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The team created a modified version of the mettestribed in The Journal of Food

Engineering(2004) to determine the average flake length cboat. The testing procedures are
as follows:
» Setup 3-bandwidth camera as shown in Figure 9
* Spread coconut sample evenly on black construction
paper, careful to avoid overlapping
» Record length between camera and paper
» Capture image of coconut sample as a ".tif’ file
* Use Mat Lab to analyze image and determine mean
flake length in pixels

» Convert pixels to millimeters

» Calculate percent degradation using Equation 2 Figure 9. Camera Setup

Repeat for each sample
Results

Palm Tree Processing evaluated both measuremenbdse The team tested several
samples using the modified ASAE standard and obthaiverage flake lengths. To verify these
results, the team measured a sample of flake lermtihand. The average length calculated by
the team was significantly greater than that caled using the standard. This method also
showed an increase in flake length during procgssiRrocessing can only degrade flake length;
therefore this method proved invalid for use witgkéd coconut.

After failure of the modified ASAE standard, tleam used image analysis with MatLab

to determine average flake length. The team testeat of samples with this method. The

12
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average flake length computed by MatLab was contp@réhat measured by hand. This

comparison validified MatLab’s calculations.

Finding this method successful, Palm Tree Proogdsisted the samples collected after

each process step. The team found the averagel@agth after each step as shown in Chart 1.

Phildesco and Red V results were kept separataibead the large difference in the initial

average flake length.

Average Flake Length (mm)

N
o

Chart 1. Average Length of Coconut Flake

[EY
()]
I

Initial

Delumper

HMRed V
M Phildesco

Process Step

Auger

Cooker

Using Equation 2, the team calculated each sfgrsent degradation with these average

lengths. The results for both Phildesco and Réxlavids of coconut are provided in Table 1.

Table 1. Average Length and Percent Degradation of Coconut &#es

Phildesco Red V
Sample | Average Length (mm) % Degradatjon Average lte(mt)| % Degradatiol
Initial 9.98 0 17.05 0
Delumper 9.46 5.18 15.53 8.94
Auger 7.67 18.87 11.81 23.98
Cooker 6.86 10.62 8.22 30.41

The results show that average length degradeseaftd step of the process for both

brands of coconut. Phildesco degrades the mostglauger conveyance from the delumper to

Pam Tree Processing
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the cooker. Red V experiences the most degradetithre cooker. The overall degradation
from the beginning to the end of the process fal Revas 51.8%, whereas Phildesco was only
31.2%. This difference may indicate that onceocot flakes reach a certain length minimal
degradation occurs. Appendix D contains the rata.da

At the completion of testing and analysis, thertedentified where and to what extent

flake length degradation occurred. The team validits recommendations on this information.

Potential Solutions

Proposal A - Steam Injection

Results showed that an average 26.9% degradateanred from both the delumper and
the auger conveyor. A steam injection processdcpaksibly replace these steps. Injecting
steam directly into a bag of coconut may separategs without the use of a mechanical device
such as a delumper. After steam injection, thedfagconut dumps directly into the
blender/cooker, bypassing any need for conveyahugch less handling of the coconut occurs

with the steam injection process, reducing chan€éake length degradation.
Proposal B - Replacement of Auger Conveyor

Results showed 21.4% degradation of coconut flakgth after auger conveying. The

team has found two possible replacements for thiseyor.
Freumatic Conveyor

A pneumatic conveyor could replace the curreneaughis type of conveyor uses air to
move materials such as chopped forage and grastsoof to medium length. It has a variable
capacity with a potential for high speeds. Thisvayor type requires high power and low initial

cost with easy maintenance and installation. Aupmetic conveyor exerts much less shear force

14

Pam Tree Processing



on the materials it transports as compared toulgeraconveyor. This could help prevent

coconut length degradation.
Bucket Conveyor

A bucket conveyor could also replace the curregeaconveyor. This conveyor utilizes
buckets attached to either a chain or a belt toenfime flowing materials such as grains, flakes
or chips. Bucket conveyors have high capacitiegandificiently and gently handling materials.
The transported material remains virtually statithie bucket during conveyance. This could
also help prevent coconut length degradation. Hewe bucket conveyor can require extensive

maintenance due to the large number of moving parts
Proposal C - Replacement of Cooker with Tumble Blender

Results showed 20.5% degradation of coconut flakgth after cooking and blending.
A tumble blender could replace the agitation typeker. This is essentially a chamber with a
single agitation bar going through the center.sTar can add liquid ingredients as the chamber
rotates, allowing gravitational forces to mix tre@ngponents. This form of mixing produces a
minimal amount of shear to the product, therebg@nang flake length. There are currently

three tumble blender designs available: slant-corshiaped and double-cone blenders.

lant-cone

A slant-cone tumble blender consists of a con@ati@hamber
Slant-Cone
mounted at an angle to the ground as shown in €igdr(Gemco, 2004). This
angle causes uniform blending due to the back arid motion of the product

during rotation. This design offers a very fagral time with minimal blend

variation. However, it requires a large headspace.

Figure 10. Slant-Cone Tumble Blender

15
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V-Shaped

V-Shaped
This blender consists of a V-shaped chamber seEmgure 11

continuously during rotation. The V-shaped tuniiender design offers

(Gemco, 2004). This shape causes the producparate and intermesh %l‘ §

very efficient blending, but is difficult to clean.

Figure 11. V-Shaped Tumble Blender
Lable-Cone g P

This blender consists of two cones that rotateratdhe support bar
Double-Cone
as shown in Figure 12 (Gemco, 2004). The compesigd of the double-
cone blender allows for greater blending volumes wiinimal space

requirements as compared to the other blender shdpee to decreased

= movement within the chamber, this shape requinegdoblending time.

Figure 12. Double-Cone Tumble Blender

Project Schedule

Palm Tree Processing created a task list to ghieléeeam throughout the fall and spring
semesters. Using the task list, the team develapg@dntt chart. It is provided in Appendix F.

It may be changed as the team feels necessary.
Conclusion

Palm Tree Processing has determined where imprewesnn the coconut sweetening
process need to be made. The team will evalutgmatives during the spring semester and

make final recommendations to Griffin Foods.

16
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Appendix A Codex Standard 177

Please see attached.
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Appendix B: 115 520-2927

Thal |ndUStrIa| Standards TIS 320'2522 (197991andard for Desiccated Coconut

Date of Establishment: 2 November 1979
Date of Public Notice in the Government Gazette: 2Bebruary 1980

I n the event of any doubt or misunderstanding arising from thistranslation, the standard in Thai will be held to
be authoritative.

1. Scope

1.1 This standard specifies grades, requirements, food aeklitiygiene, container, weight and
measure, marking and labeling, sampling and criteria folocanity for desiccated coconut.

2. Definition
For the purpose of this standard, the following defin applies:
2.1 DESICCATED COCONUT: The product obtained by drying dih@nulated or shredded white
meat of the fully mature coconut kernel, Cocos nucifera.lity means of a mechanical air
drying.

3. Grades
Desiccated coconut shall be of 5 grades when classifiduedvesis of article sizes by means of mechanical sifting.
3.1 Coarse shall be as follows.
3.1.1 Particle size: 3.35 mm to 4.76 mm, not more th&h lp weight
3.1.2 Particle size: 2.00 mm to 3.35 mm, not less tB&by weigh
3.1.3 Particle size: less than 1.AU mm, not more thant®/538eight
3.2 Medium shall be as follows.
3.2.1 Particle size: 2.00 mm. to 2.80 mm, not more th&h Ay weight
3.2.2 Particle size: 1.40 mm to 2.00 mm, not less tB&h By weight
3.2.3 Patrticle size: less than 1.00 mm, not more th&i Bysweight
3.3 Fine shall be of 1.40 mm to 1.68 mm, not more th& by weight.
3.4 Super fine shall be of less than 1.00 mm.
3.5 Fancy type shall be of the bigger size and of the shapesatifffrom those specified in clauses

3.1to 3.4.
Remark: The sieve aperture size in mm is equivalent ®. Bnesh No. as given in the table below.
The sieve aperture sizemm B.S. meshNo.

1.00 16
1.40 12
1.68 10
2.00 8
2.80 6
3.35 5
4.76 =

4. Requirements

4.1 General requirements
Desiccated coconut shall be natural white, crisp and sweetdhaatural taste of coconut. It
shall be free from rancidity, musty or other objectionaloleur, insect infestation, fungus and
foreign matter.

4.2 Parings The brown specks due to parings in coarse or meptades shall not exceed 10
particles per 100 g when tested by the method prescrilzdlse 10.2.

4.3 Colour The colour of desiccated coconut shall not be dekper0.2 Red, 0.7 Yellow and 0.1

Blue on the Lovibond tintometer scale for all grades whesraéhed by the method prescribed
in clause 10.3.
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4.4 Bacterial contamination 4.4.1 Desiccated coconut shall noaicobacteria of the Salmonella
group in each 50 g of sample when tested by the method debariblause 10.4. 4.4.2 The
coliform count shall not exceed 10/g when tested by theadethscribed in clause 10.4.

4.5 Chemical requirements The product shall comely with the chenaigairements given ifwie 1.

Table 1 Chemical requirements (clause 4.5)
Item Requirement Analysis as clause
i 0

Mo_lsture content, max. % by 3 105
weight

Oil content, min. % by weight 60 10.6
Free fatty acid, aslauric acid, ma 0.3 10.7

% by weight of extracted oil ' ‘

5. Hygiene
5.1 The hygiene of product shall conform to TIS 34-197an8ard for General Principles of Food

Hygiene.

6. Container
The container shall be clean, strong, durable, hermetmediied and free from undesirable

odour.

7. Weight and measure
7.1 Net weight of each container shall not be less than that dedarthe labe

8. Marking and labeling

8.1 The label shall conform to TIS 31-1973, Standard forgeadrPrinciples of Labelling Industrial
Products.

8.2 At least there shall be figures, letters or code indicatiadatowing information clearly and
legibly on each container.
(1) Name of the product "Desiccated coconut"
(2) Grade
(3) Net weight in SI unit
(4) Code or manufacturing date
(5) Name of manufacturer or factor or trade mark or name é&ipac distributor
(6) Country of origin

8.3 Any person who manufactures the industrial products camplyith this standard may use the
standards Mark in connection with his products only &féeting received a license from the
Industrial Product Standards Council.

9. Sampling and criteria for conformity
Unless otherwise agreed upon, the method of sampling shesl fodows.
9.1 Lot: The product of the same grade and manufactured at tleetgaem
9.2 Sampling
9.2.1The product shall be drawn at random from the same lath@nagumber of containers to
selected shall comply with those specifiedait 2.
9.2.2 The order of containers to be drawn shall be in danoe with the following formula.

r=N/n
Where r =the order of sample to be drawn
N = lot siz¢

n = sample size
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Table 2 Sampling plan (clause 9.2.1)

Lot size (N)Container Sample size (n)Container

Less than 50 2
51 to 150
151 to 300
301 to 500

501 to 1000

1001 and above

©O©|o|N|O1|Ww

9.3 Preparation of test samples.
With a pasteurized spoon, approximately equal quantityeofrtaterial shall be taken from each
of the selected container till the quantity collected is at B2&y; mixed together in
pasteurized, air-tight container and pt at 5-10°C. Whendtetfte sample shall be divided into
two parts, one for micro-organism analysis mid the difwechemical analysis.

9.4 Criteria for conformity
The lot shall be considered as conforming to this stanmtardded that the: test results on
sample obtained from clause 9.3 meet all the requirements sgeniftlause

Pam Tree Processing
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Aopendix C: ASAE Standard 5424

Please see attached.

Pam Tree Processing

25



Aopendix V1 Image Analysis Results

Please see attached.
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Aopendix E: Oantt Chart

Please see attached.
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Mission Statement

Palm Tree Processing Is a consulting
group that strives to help family owned
and operated food businesses achieve the
highest quality food products available.
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About Griffin Food Company

Founded in Muskogee, OK in 1908 by
John T. Griffin

Major products available

Syrups »
Jellies and preserves W
Mustards

Coconut flakes

Food
Company
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Coconut Flakes

» Popular confectionary product
* Enhances food properties

— Texture
— Flavor

— Visual appeal

8/30/2017
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Problem Definition

- Consumers demand the longest length of
coconut flakes possible

- Flake length of Griffin’s coconut degrades
during processing

Before

\\(_7‘

s
¢/
— .

S

8/30/2017 \
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Project Goals

Pinpoint and quantify degradation

Make recommendations to:

Prevent flake length degradation
ncrease processing capacity

mprove quality of work for employees

Palm Tree Processing



Process Steps

Delumping
Conveyance to cooker
Cooking and blending
Tempering
Packaging

Palm Tree Processing



Delumping

Clumps of coconut form during storage

Delumper used to separate clumps
Rotating spikes

Employee designed and built

Palm Tree Processing



Delumper
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Conveyance to Cooker

» Auger transports coconut
from delumper to cooker

— Contained within PVC pipe
* Frequently clogs
 Limits processing speed

L _

(1 /]
LN j Palm Tree Processing
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Cooking and Blending

- Double ribbon agitation
cooker

 Blends slurry, sugar and
coconut

* Runs continuously

during delumping and
conveying

8/30/2017
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Tempering

» Barrels store coconut overnight
 Allows for uniform moisture distribution
 Large clumps often form

LW
ki

|\ &
LN j Palm Tree Processing

8/30/2017
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Packaging

» Barrels unloaded

— Extensive manual labor
required

» Auger conveys coconut to packaging
machine

— Frequently clogs

Ly _
R @™

8/30/2017 \
% j Palm Tree Processing
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Design Criteria

Recipe may not change
Production capacity must not decrease

Simple transition from existing to improved
process line

Minimal cost

Palm Tree Processing



Concept Development

Quantifying coconut flake length
Modified ASAE Standard S424
Image Analysis with MatLab

Potential Solutions

PDOSa
PDOSa
DO0Sa

A — Steam Injection
B — Replacement of Auger Conveyor
C — Replacement of Cooker

Palm Tree Processing



Modified ASAE Standard S424

Sieves separate coconut
flakes

Average geometric mean
length calculated using:

1[Z(Mi Iog X,)}
X =log
2 M
Xgm = geometric mean length
Xi = geometric mean length of particles on ith screen

Mi = mass on ith screen

Palm Tree Processing



Image Analysis with MatLab

Picture taken of
coconut flake sample

Average flake length
calculated with
MatLab

Morphological
Operations in Image
Processing Package

Palm Tree Processing



Results

Average Length of Coconut Flakes
20
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Results

Phildesco
Sample % Degradation
Initial -
Delumper 5.18
Auger 18.87
Cooker 10.62
8/30/2017 o

am Tree Proceﬁsinq

Red V
% Degradation

8.94
23.98
30.41
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Proposal A — Steam Injection

Steam Injected into bags of coconut to
break up clumps

Replaces delumping and conveying
process steps

Pros cons

Less handling of May change
coconut coconut properties
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Proposal B — Replacement of
Auger Conveyor

Pneumatic Conveyor Bucket Conveyor

Pressurized air moves Buckets carry coconut
coconut flakes flakes
Pros Pros
High capacity High capacity
Minimal stress on Gentle on product
product cons
Cons Maintenance

High power requirement

Palm Tree Processing



Proposal C — Replacement of
Cooker

Replaces cooker with tumble blender
Rotating chamber mixes ingredients

Types of tumble blenders

Slant-Cone
V-Shaped
Double-Cone

Palm Tree Processing



Proposal C — Tumble Blenders

Slant-Cone B
Pros: Fast and uniform blending %\3
Cons: Requires large headspace -

V-Shaped =
Pros: Efficient blending m{,/;‘
Cons: Difficult to clean =

Double-Cone o~
Pros: Minimal space requirements %Tn
Cons: Longer blending time K 3
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Spring Schedule

Continued development of flake length
measurement methods

Further investigation of proposals
Evaluation and testing of proposals
Final recommendations
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