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Su m mary

An international workshop was organized in August 2007 in Accra by the CSIR-Foou

Research Institute in collaboration with the International Plant Genetics Research

Institute and Bioversity 1nternational in France to document the best practices and unit

operations used in several banana and plantain growing and consuming countries for

transforming fresh bananas and plantains into commercial convenience products. This

report is on the follow up validation of comparing the unit operations used by some

selected micro-scale entrepreneurs in Accra and Kumasi, for the transforming fresh

banana and plantains into processed products, to those documented practices as being

used in the several other countries.



1. Introduction

Plantains and other cooking bananas are taplc foods grown throughout the tropics. Th y

form a major part of the carbohydrate food sources for millions or people in Africa,

Caribbean, Latin America, A ia and the Pacific. In West and Central Africa, it is

estimated that 70 million people derive as much as 25% of their total caloric intake from

plantain (ref). Plantain is therefore one of the IT10st important sources of food energy.

Bananas and plantains are grown in more L11(l11120 countries in backyards or mixed

cropping systems by small holders, and occasionally in monoculLure (lNlBAP, 1992).

The total production is about 64 million tonncs with 23% being plantains. 15.6% as

cooking bananas and 18% being highland cooking bananas and beer bananas. Table 1

presents data on the production and consumption of plantains and other cooking bananas

in some producing countries.

In West Africa. the major plantain producing areas are Cote dIv oire and Nigeria. In

Central Africa. Cameroon stands out tall in plantain production and therefore it is not

surprising that it is the host of the Cenu al and \\\..'st Africa centre COI research into banana

and plantains. Although Ghana is not singled out in the report. its contribution cannot be

I <lnlpkll"h it"'-lll)rcd 11 forms part or the total 1.'()1l1rihutio]1 from AIJ'!.I.·(j l ntcrc-n ing ly.

over the past five years, there have be n significant increases in plantain production in

till' :--1:\ !':..'gi()IJ~ where plantain', arc culuv aicd I hc:«. arc 1he rain !()]l'-.:l /U!K':--' and the

semi-deciduous regions of the counirv and include such regions as /vshnnti. Brong Ahafo.

Central, Eastern. Western and Volta.

The productions in Ccnu a] ciJ1J Lt'\;"'ll, IL~'Ull~ sho« J hi:,-!' k\\..l \l( \..dll~l~lLl1l.\.

J-i1l\\t.:'\c'L tho-.e of Asham i. Bmng Ahafo. \\'t'sterll and Volta s11O\\ si~ni(jclllt increases.

The reasons Ior such high significant increases arc not readily available However. the

I.Unt! ibut iou th.n the introduction of di:-'l';lSI' rl':--.i:-'Llnt h\ hrirl-, ha- mad.: cannoi be



ripe. fully ripe and over-ripe). Full) ripe plunt.iin; are often deep-fried or boiled and used

scale level Ior sale at marketing centres. restaurant. and street foods. 0\ cr tile LISt few

years, there has been an increased commercial activity with the production or Jeep-fried

plantain chips This development is very like what happens in other plantain growing

areas in worl.l

Quite apart from the significant contribution that plantain makes in meeting the energy

needs or the producing areas. by virtue o l their high carbohydrate content, there are

reported levels of such rnicronutrierus <1:-. carotenes. (pro-vitamin A), ascorbic acid and

minerals, particularly calcium and phosphorus (Ketiku. 1973; Fosseyth, 1986). There is

also the r(l~<;ihility ofhigh Ic\els ofother minerals <uch as iron t l-c i. and /.II1C (/.n). I he

nutritional and public health significance of these minerals cannot be over emphasized

[ran is important in the obviation of \ arious forms of anaemia. both in infant and the

mothers. Zinc. an clement which has received increased att ntion from scientists.

although its dctcrrrnnatiou in substances has not been without difficulties. since samples

analyzed have not shown consistent results. has been associated with immunuy to some

diseases such as malaria, a disease that causes a lot of lost to people 'in the Sub-Saharan

Africa and other tropical regions of the world.

In August, 2007, a -+-day international writeshop was organized .by the CSIR-Food

Research Institute of Ghana in collaboration with International Plant Genetics Research

Institute and Bioversity International. France to document unit operations used for

transformation of fresh banana and plantain into processed products in countries

producing and consuming bananas and plantains. The writeshop attracted food scientists

and technologists in the fields research and development of banana and plantain

processing from India. igeria. Cote d Ivoirc and France The validation was therefore

carried ell: to \C;'i ':: vhcthcr the rr~1ctice5" U5Cri f':- selected commercial producers of

2



plantain products in Ghana agree with the documented pr\lCcSscS obtained from the

writeshop.

2. Methodology

Preliminary visits were made to a number of producers of banana and plantain products

for sale. Appendix 1 gives the questionnaire used.

2.2 Documented Processing Steps Used for Transforming Bananas
and Plantains

The processing steps for the following plantain and banana products were documented.

2.2.1 Selected Products

• Deep-fried plantain chips starting with plantain of different iniria] ripening stages.

• Boiled plantain

Roasted plantain.

• Banana Ju ice

2.2.2 Quality Requirements.

fruits should be chosen which arc acceptable in the market The\ should have the
following characteristics.

Fruit free of physical damage.

G Free of unusual shapes or misshapen

c Colour and flavour characteristics



3. FINDINGS & COMMENTS

3.1 Plantain Chips

Plantain chips are a product obtained by deep-frying thin sliced and spiced plantain in vegetable oil.

There are two types. One is made from mature green plant and the second type is made from

ripened plantain. They are all easily eaten as a snack only.

Table 3.1:
Unit Operations Used by Company A for the production of Plantain Chips

. Flow Diagram Showing Unit Comments
operations

Fruit selection(Unripe and ripe Apentu) Strengths

• • Apentu (falsehom ) plantains are used
Washing • Fruits are washed before and after peeling to reduce microbial load

•• • Potable water is used

Peeling • Spices (ginger, onionlgartic) are added during frying to improve flavour

•• development

Washing Weaknesses•• • The slicers are not washed after each batch
Slicing • The use of charcoal as source of heat may bring about uneven heat

•• transfer.
Frying (add spices)

•• • Aluminium pans and stirrers are used for frying instead of stainless steel

Draining • Addition of salt after frying may bring uneven distribution of salt particles•• (specific amount per wt of chips)?
Cooling

Flavotring with salt
• The oil used for frying is reused several' times and new oil is added to make

up for volume lost (rancidity)

•• • No paper is used for draining the excess oil.
Packaging

• • The fried chips are exposed to the atmosphere during cooling.
Labeling

••Transporting and Marketing

4



Fig. 3.1: Selection of fruits for chips preparation

Fig. 3.2: Washing and peeling of fruits

Fig. 3.3: Slicing of plantain into chips

Fig.3.4: Spices added during frying of chips
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Fig. 3.5: Deep trying of chips

Fig. 3.6: Draining of oil

Fig.3.7: Adding salt to fried plantain chips

Flg.3.8: Packaging of chips Into plastic bags

6



3.2 Tatale

Tatale is a snack plantain product made from over-ripened plantain. It is made from slurry of wheat
flour and over-ripened plantain. This slurry is shallow-fried in spoonfuls in a little hot palm oil until
golden brown. Excess oil is drained on kitchen paper and served hot with cooked cowpealbambara
beans. It is eaten as a main meal.

3.2.1 Units Operations

Table 3.2:
Row Diagram showing Unit Operations Used for the Preparation of Tatale, a fried plantain pancake by

CompanyB

Unit operations Comments

Fruit selection(over-ripe Apentu)
Strengths

• • Stainless steel bowls, spoons and frying pan are used

Washing • Blending as against pouncing over -ripe plantains gives a better

• consistency.

Peeling • Portions of Wheat flour are added to plantain mash to ensure the

• right texture.

Blend with salt and ginger,onion,pepper and • Mash is left to ferment and expand.
spices • The use of gas as a source of heat ensures uniform heat• distribution.Add wheat flour to bind• The tatale is not deep-fried in palm oil (oil absorbed is minimal)•Mix with a ladle

• • The frying pan was locally designed and fabricated from staioless
Ferment steel.•Frying (Add bits of palm oil) • Pwater is used for the unit operations

•Draining• Weaknesses
Packaging inrlythene bags • Paper is used in draining excess oil, making the product slightly

Put in warmer soggy.• • Bumt product may have acrytamideMarketing

7



3.2.2 Various Stages During Preparation of Tatale

Fig.3.9 Fruit selection for tatale preparation

Fig. 3.10Washing of selected fruits

Fig. 3.11: Peeling and Slicing of fruits
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Fig. 3.12: Blending with spices

Fig. 3.13: Addition of wheat flour to blended fruits

Fig. 3.14: Fermentation stage

Fig. 3.15: Plantain and wheat slurry mixed with spices

9



Fig. 3.16: Frying of tatale with palm oil

Fig.3.17: Packaging of tatate for martteting
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3.3 Kakro

Kakro is a product made from over-ripened plantain fruit mixed with corn flour, powdered chilies,
salt and other spices. It is deep-fried in vegetable oil into oval shapes. It is eaten as a main meal
with cooked cowpea and palm oil (with gari).

3.3.1 Unit OperationsUsed

Table 3.3:
Row Diagram showing Unit Operations Used for the Preparation of Kakro, a fried plantain and com

flour product by Company C

Flow Diagram of Unit operations Comments
-
Fruit selection (Over-ripe Apentu and Apem) Strengths

1 • Both Apentu (falsehom) and Apem (French) plantains are used.

• Roasted com flour is used to serve as a binder
Peeling • Potable water is usedl • The frying is done at high temperatures. Therefore microorganisms cannot

Pounding
survive. Additionally, the high sugar content of the fruit gives a low water

•• activity that hinders growth of micro-organisms

Mix with roasted com with pepper, ginger, salt and
spices powder

•• Weaknesses

Frying • Plantains are not washed before peeling,

•• The use of charcoal gives uneven distribution of heat•
• Hands are used to mix the roasted com flour and the mash. Though

Draining
•• unhygienic, the high frying temperature takes care of microbes,

• Use of wooden mortar and pestle for pounding. It is difficult to properly sanitize

Cooling
the mortar after use.

•• • Aluminium pans, strainers, frying pans and stirrers are used instead of

stainless steel.
Marketing

• The oil used for frying is reused several times and new oil is added to make up

for volume lost (rancidity)

• Bumt product may have acrylamide
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Fig. 3.18: Selection of over-ripe plantain for kaakro preparation

Fig. 3.19: Pounding of plantain and mixing with spices and com flour

Fig. 3.20: Deepfrying of kakro
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Fig. 3.21: Draining oil from fried Irakro

Fig. 3.22: Cooling and martteting of IraJuo
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3.4.1 Unit Operations Used

3.4 otem
Ofam is a baked plantain cake made from blended over-ripe plantain fruits mixed with powdered
chilies, salt and other spices, palmoil and wheat flour. It is consumed as desserts and appetizers.

Flow Diagram of Unit Comments
operations

Strengths
Fruit selection(over-ripe Apentu)

•• • Stainless steel pans were used

- Washing • Temperature and time for baking were specific. Will ensure product

••
uniformity

Peeling • Spoons are used to mix and dish out the mash into baking pans.

•• • Potable water is used.

Pound with wheat flour, pepper, ginger, salt
and spices

•• Weaknesses
Add palm oil

Use of wooden mortar and pestle for pounding is unhygienic+ •
• Aluminium instead of stainless steel pans are used for baking.

Put in baking sheet
+ • Fruits are not washed after peeling.

Bake

+
Cooling

Packaging

Mateting
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3.4.2 Photographsof various unit Operations

Fig. 3. 23: Fruit selection for ofam

Fig. 3. 24:Washing of selected fruits

Fig 3.25: Peeling of fruits

Fig 3.26: Pounding fruits

15



Fig. 3.27: Addition of spices to pounded fruits

Fig 3.28: Addition of wheat flour

Fig 3.29: Addition of palm 011
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Fig 3.30: Dishing out into baking pans

/

Fig 3.31: Baked ofam

Fig.3.32: Cooling stage

Fig 3.33: Anal product
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3.5 Banana Juice

There are two descriptions of banana juice in this section. In the first type, the banana is added as

"adjunct" to give a banana-flavoured taste to a typical orange or pineapple juice. In the second type,

the banana is the sole fruit used in preparing the juice.

3.5.1 Unit Operations of Orange/Pineapple and Banana Juice

Flow Diagram of Unit Operations Comments

Strengths

Fully ripe bananas free from moulds selected • Fruits were washed in 1% sodium metabisulphite and citric acid
- to reduce microbial contamination.•Peel into water solution • All the working surfaces and items used were sterilized with

(containing sodium metabisulphite)
1% sodium metabisulphite and citric acid•

Pulp with a blender into orange/pineapple juice. • Bananas were peeled into citric acid solution to prevent

• browning.

Sieved through a fine mesh • Head gear, laboratory coat gloves were worn.

• • A clean fine mesh was used in sieving to obtain a clear juice.

• • Preservatives were added.

Pasteurize • Juice was filled hot into sterile bottles.

• • Temperature during sterilization was monitored.

Filling into sterile bottles and cupped immediately

• Weaknesses

Kept in cool dry place away from sunlight • An aluminium utensil instead of stainless steel is used during

• pasteurization.
Marketing

18



3.5.2 Photographs of Various Stagesof the Unit Operations

Fig. 3.34: Fruit selection for banana juice preparation

Fig 3.35: Washing of fruits

Fig. 3.36: Peeling of pineapple fruit

Fig. 3.37: Peeling of banana
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Fig 3.38: Cutting of oranges for juice extraction

Fig 3.39: Juice extraction from orange

Fig 3.40: Extraction of pineapple juice

Fig. 3.41: Pulping of banana in orange/pineapple juice

20



Fig 3.42: Sieving of banana-orangelpineapple blend

Fig 3.43: Pasteurization of banana-orangel pineapple blends

Fig.44: Filling of bottles with banana-orangelpineapple juice

Fig 3.45: Marketing of juice
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3.5.4 Unit Operations Used for Banana Juice

Flow Diagram of Unit Operations Comments

Strengths

Fully ripe bananas free from moulds selected • Fruits were washed in 1% sodum metabisulphite and citric acid

"
to reduce microbial contamination.

Peel into water solution • All the worKing surfaces and items used were sterilized with
(containing sodium metabisulphite)

1% sodium metabisulphite and citric acid

" • Head gear, laboratory coat gloves were wom.

Cut the banana into small chunks • A clean fine mesh was used in sieving to obtain a clear juice.

• Preservatives were added.

Pulp the banana with a blender • Juice was filled hot into sterile bottles.-

" • Temperature during sterilization was monitored.

Sieved through a fine mesh

" Weaknesses

" • An aluminium utensil instead of stainless steel is used during
Pasteurize pasteurization.

"Filling into sterile bottles and cupped immediately

"Kept in cool dry place away from sunlight

"Marketing
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3.5.3 Photographs of Various Stagesof the Unit Operations

Fig. 3.46 Sorting of raw material to remove those that are not at the right ripening stage for juice production.

Fig. 3.47 Washing of the fruils with potable water.

Fig. 3.48 Peeling of the washed fruits.
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Fig. 3.49 Peeled banana pulps In a bowl. They are being Immersed In a metabisulphite solution to prevent enzymatic
browning. The use of hand gloves at the stage and the subsequent stages help to prevent contamination from personnel.

Fig. 3.50 Peeled fruits being taken out of the sodium metablsulphite solution. They are allowed to stay In a mesh so that
the water get drained

Fig. 3.51 Peeled fruits reduced further into chunks to enhance the milling process In the blender.

24



Fig. 3. 52 The picture shows mashing of the fruit pulp into a mash in the process of

making banana fruit juice/drink. There is the use of home-used blender. This is small.

The blending will have to be done in very small batches and is time consuning. The

operator has gloves and that is commendable. Though the operator wears a scarf, a

proper sewn complete head cover will be more appropriate.

Fig. 3.53 Basic implements needed for turning the fruit pulp Into a mash. There is a bowl, wooden ladle, blender and
sauce pan. The wooden ladle is to help In scooping the mashed pulp from the blender. Th~ sauce pan and the bowl are

containers for carrying the pulp and the mashed pulp.

25



Fiq. 3.54 Raking or second filtration. Filtration process aided by stirring with a wooden ladle.

Fig. 3.55 Pasteurization step. It is done in stainless steel pans on gas stove. It Is a batch process. It will be time
consuming and there is the possibility of recontamination.

Fig. 3.56: This is the labeling step in the banana fruit juice production. The fruit juice bottled in clean bottles are labeled
with a stickers showing product name, basic ingredients, dates of production and time period within which the product is
good for consumption.

26



Fig. 3.57 Fruit juice bottJed in plastic bottJes and being packaged in paper box. This is how they are packaged and
distributed to sales points.
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Appendix 1

QUESTIONNAIRE USED

This survey is an IPGRIlBioversitylFRI Plantain Project to collate information on plantain and

banana processing procedure in Ghana. The information accrue from the survey will be used in the

development of the gallery of processing businesses.

A. BASELINE CHARACTblUSTICS OF RESPONDENTS

1. Name of Company? .

2. Which type of plan tainlb anana product do you process? .

3. Which type(s) of plan tainlb anana cultivars do you use? .

4. Where is your source of plan tainlb anana? .

5. Which stage of ripeness of the plantainlbanana do you use? .

6. Mention the steps/unit operations you use for processing? : .

7.Which of these step(s) is essential to ensure the quality of the product? .

8. Mention the type of equipment (s) you use for processing?

28



9. What are some of the quality factor(s) affected during the steps/unit

operations? 10.Which

source of water do you use? .

11. How many times do you change the water for washing? ; .

12. A question about GPH and GMP?

13. Which type ofingredient(s) do you add to product apart from

Plantainlbanana? " .

1.4. Which packaging materials do you use? .

15. Do you have a label for your product? .

16. Which method do you use to seal your packed product? a) Sealing Machine b) a stapler c)

Ribbon.

17. Which type of oil do you use?

18. How do you drain the oil?
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APPENDIX 1

Name of end product: chips,
Primary process used for transformation: Frying,
Most frequent cultivars: False horn (Apantu in Ghana, Agbagba in Nigeria)

State ofripeness of fruit: Ripening stage 1-4 (ripening chart of 10 peel colour points)

Essential unit Optional unit Change in Equipment Labou r skills Quality f
operation operation state of fruit used in unit used in unit Physical! microbio]

during step operation operation chemical cal._-
Dehanding, Cement floor, Tramed No physical No

Fruit selection defingering, raised skilled, to be and significan
separation of platform, able to tell the chemical rrucrobiol
ripening and tarpaulin on difference factors are cal activit
broken, small the floor between the affected
fingers, split stages of
and twin ripening and
fingers finger size

--
Dirty to clean Basins (bigger No special Fruits are Eliminate

Washing fruits, remove sizes) , skills are washed to any
sand, makes troughs, hand avoid possible
peeling gloves to contaminati microbes
easier, protect the on with that may

hand, working sand present ir
space to make the ouncl

.- ... '

working
comfortable,
tables, basket

Whole fruit to Stainless steel Skill is Peeled No
Peeling pulp knives, required to fruits are microbial

separation is necessary to separate the subject to activity is
achieved and avoid reaction pulp from the enzymatic noticed a
peel can be of the plantain peel since . browning this staqe,

30

ors affeet~<L9.drill~ operation ~ -= ~~-=-l
rnson~~ _ Technological r~l~~~(~__

Selection Jniform size ~ Nc ell". ,g8 in
of right and ripening I nuriu: al
ripening stage I COilten
stage will contribute to I
affect product
colour of quality, frying I

product uniformity and I
labour I
efficiency I
Ensures i'N-o chJ ge -1.-
production of I nuritio. ..11
ygienlc I COIter.t

proci.ct I

I

No sensory
I quality is

affectea
I during trus

stage

-'NQ--- Skill of No ;na[ ]8-11
I sensorial ! making nuu itio 1 ,J

I effects are ! longitudinal con.en:
, noticed at line on the
I this stage _ fr Jit before



---- ---·---·'-~-----'-used for with Oad ---
soup, feed metals gloves
meal and
biomass for
plantain
farms

whenkePt~ e~x-cept-·-i----- ;-;;-epara-lin-gThei-------l
beyond 2 when pulp from tile
hour from peeled fruit peel wimout
the time of is left :osing any
peeling exposed for part of the
Slicing over 12 pulp material
should sta-t hours
as soon as
possible to
avoid

I I browninq , ,-------------I---~--~~Sliced pieces plan lain . Skill "'. -- Thickness No . - -'-Til:ckness-!ThiCk Sli~Thl~re ~ JUT-I -
Slicing I Slicers, (using operating both should ce microbial levels tmlt ,lioule not I be loss is 1.1

local knives manual and betweer activrty are towe: II -esult i:l I vit:rlil1 wher
w;!! not electrically I 12-15mm wnen tha'1 1.5 JnlfQl(ll ~ sli :'2S 32

produce operated I and must processed would oroci.ct, and I ex~ l5': . to 3 r
uniform slices rotating I be uniform quickly. absorbl/oulc also I fel :no', th..n
and would be machine. Skill to achieve When more oil 'lot result in I 30 nir i .es
time- ISalso cnspmess delayed, dur,ng tile desired
consuming). required In enzymatic I frYing, ard crispiness,
Use or meat efficiency and browning I would bend taste and
slicers with a safe handling which will : after frYing. colour.
rotating blade of the affect the . Thickness Efficiency of
1'1;11 give a equipment in final quality I levels that t/lis depends
more desired order to avoid are higher on tn') skill of
rourded chips I accidents. than 211110 tile operator

! , would DE:___ J ---l--c- I verv chevy
Soft slices I ?OOKlng_stove, .SkillIS- _CI~spneSs-- Wllen-~- T;;ve~~i-Il~- -Dehyjratiooi--LS"se3 11---
become 'r)'ln] pan, - - required In I and properly I overloadn 15 necessary I nL.;r,ell'·,
dried, fried, I perforated monitoring the greasiness dra.ned and : 9 of the to avoid : ao litiCi of 'at
brittle and . 'rying spoon, temperature are the cooled I chos and accumulation I fro, n tn
greasy and 'J Deep fryers, of the oil major there are I underfry of fat and I drY·Jlg
crunchy chips ,ndustr.ial befor-e frying. PhYSICO.- no I ing will water for I m'oJiLn

fryers.. (170 - 180 chemical rricrooial I' affect the extension of
Drai:l:lg 'C), duration factors threats crispness, shelf-life

______ ~~ elS of frYir2.9._til1l~_ ~ffec~o _ __ _ _ taste anu_ _ ~_' __ ~ .

I

l--
Frying

31

I
I
I
I

- -·---i-FrYingwllen
I the oil

temperature is
170 -180 'C

immature
ingers are
difficult to peel
III comparison
with matured
fingers



Draining
Drained chips

_.

Coolina
Cooled chips-

Packaging

- -_ .....

Labeling

Transporting

I
I

Land Marketina
I

-- I ----

-,,..,-, .;

- 1I turnln-g -of the-: -

I
slices and I
rnorutonnq of i

I end of I
I turbulence lor

quICk rernoval
frorn oil to
avoid high fat

! _ I ~ontents __ ~ _ _ ___ __
E COil,

sieves, I labour I Coli forms

- ---1-- -- --- '---- --

I
T rays, paper Unskilled I P.;lOlsture E. coli,
f------l labour content Coliforrns

High density Skilled in ~--- --- --- E. cOil:-
I polyethylene operating :oliforllis
! t.a sHOPS, machine
'1- --- - .-,---- ---

Starnps, I Compute: I

stickers, literacy I I
computer
£esigned label
Vans and cars

- ------ --,
Knowledge In

I marketing, '

--1 cjlocJ 0'

u.e ",,0
prOOl,CL

T

- - -_. --
R8 novel of
fa:

I "Ii ~ .e(...i :';:;

It),: _,.11 r e
(Iii:

R,; luction 0'
Ike:(

1
- pO, Eser';dt,or- -
clpodc.':(

- - .- - - - -,

Prcmolion 0'

pi ~Jucts

--
G~,ierat.on (If

III come

I



Name of end product: chips,
Pruiary process used for transfortuation: Frying,
I\Joct frequent cultiva rs: False horn (Ap antu in Ghana, Agbagba ill ~igeria)
Acceptable substitute: Fr'cnch Horn and cutlivars very close to it (Onniba)
Stare of r ipcncss 01"fruit: Ripening sLlgc of 4 - 5 (ripening chart of 10 peel colour points

Dehanding
detingering,
separation of
fingers of

I
ripening
stage 4 - 5
and broken
small fingers.

I
· Dirty to clean h3as~ns (bigger No special

fruits, remove sizes) , skills are

I
sand, makes I tro'l~hs, hand
peeling ~;Io/es to
easier, protect the

II-and working

I
space to make
\'/O(~ ng

- - cor-rortable _
I I tab es, basket--------'------~-1-----1-- -.-

Whole fruit to Sla,rless steel Skill is
1 pulp . I knives, required to
, separation IS I r-ecessary to separate lne

achieveo ard avec! reaction pull) from the
I peel can be I cf till) plantain I peel since

_i _used~f2_r__ • ~'iIIoad L~latur~

\E.')s81,t:aTIIilIt-l Optional unit
I opera'ion 1 operationl.----------
: Fruit selecuon I
I

I
~---~-

W3s11ll_
I
I

Peelin~

1 J _
-,-,

_L'

Equ pment
used in unit
ope-anon

'-:-e'llent floor,
I -alsed
I platform,

larnaulin On
the floor

Change in
state of fruit
during step

-----.-~- -------------- -.--- - ------ --- - .----
Labour skiIIS~_ 9::!ality taciors d~ect8d o~~~~operation _
used 111 unit Phys;call rrucrobioloc Tsersorral TeCh'lologicalll,l,tr t na
operation cnemica' cal I•• _ .__ __ _ _ . · u· . _

Trainee Fnnt peel Possibility Selection Ullifcrm size i T1er::: s
skilled to be oecon.es of fungal of r gilt and ripening I rl du: on i
able to tell the yellow and 9ro\'/th_ riperunq sta; e ' s'arcl an
difference pulp Important to staqe Vlill con.nbute to I- il c,ec ;e il
between the oecorres select fruit affect proouct S IJer
stages of less firm that don't co.our of qua ity , frying
ripeninq and show Signs product urulo-rnity and
finger size of fungal labour

FrL0s are-l-~~~~hates ~o-se~iscr -'- ~~t~~~y---
washed to ary quality s procuctior of I [LOLl; )n )f
avoid I possible I at'ected hygienic
conraminali I microbes dvmg tus procuct
011 witl iha: may De I stage
sand , present In

the bunch

i

1 -----,--~------,-------,-------.-
Peeled I No ' I~o I Sk,J1cf
fruits are mi roblal seasonal rn8Klng
subject to aci., t)' is erects .ire I,ong tudina'
enzymatr: I not ceo at ncicec at ine 0'1 the
browning tris stage tlus sta~e . fru't oefore

~~er~e!t.. J sepu~~.5L~

le~] s

stare JI1('

rI~:re._ ·8 I
: ,~JCI

1111;ll:s----l
rt:J~Ic:I)11 f I

I

st I'C1 mo
II ..e 1 ,; II

si.qar:
______ J



soup, feed ·lmetals, gloves fingers are i beyond~ eXpOSeJ 'or
meal and difficult to peel . hou- from lover '2 I
biomass for I In comparison I the 'in.le of I hours
plantain ' with matured I peeling I
farms, fngers Slicl'19

sho.lo start
I I I I as soon as

I I
I! possible to

I i I avo:d
I i I i ---J ! brov.ni»i-- --- - . I Sliced pieces I PI~~_t~i~.._.__ I Skillin --i-Thlckrless
I Slicing I I Slicers, (using I operating both should be

local knives manual and between
,,,,illnot I electrically 1 2-1.5mm
produce I operateo ' and must
uniform slices I rotating be ur.itorrn
and would be machine Skill to achieve
time- is also crispiness
consuming). required in
Use of meat efficiency and
slicers with a safe handling
rotating blade of the
will give a I, equipment ill
more desired order to avoid
rounded chips acciceots

---,
I

1--- __.___I--I _

, I Frying whe
the oil

I temperature's
I 170 - 180'C

I
I
I

~ F ryin(]

I

I'---__ _ .1 . ..

34

I
I
II fhickn-ess
lelels thelt

l
"re lower

tnan -.5
vould
absor.i
more Jil
during
frying, anJ
'.'.ould be' .d
cr StIC~
tcqetner
alter fl yin,;.
Trucsness
levels :hal
are hi;he.
than 2mnr
would De I
~~fn~~~~L rDeli)dra~on --1 -L;sc' ,in----

I o.erloadu is necessary I~Jtri ts. :fat
I 9 of tile: to attain fight ~)UU ;

I chips ald moisture le'lel I v run .s.
IVlOeriry to p-everu , a seer .c cc:id)

I
IPj will qrow'h of j (1 IJ,LI 0 tat '
a'tect .he miclo.bes JIl.d f' yr. tel

lC'~PII:;j_S~ __ SpOI.?~ __ ~')I!2; J

-:-No-
microbial

I activity

I "ihen
processec
qUickly.
VVhen
delayed.
enzyrnatc
browning
IflhlCh will
affect the
filial qualit,

I

7 ! 1---- - '-_ ... --1--- --_.Softslices 'Cooking slove, I Skill is Cnsp-ess Wh"n
become I frying pan, required In and prci erly
dried. fned. I perforated morutorinq the soggil essi craned aoc
brittle and I frYing spoon, temperature greasl'less coo'ed
qreasy and I Deep fryers of the oil \ 170 ale lhe ! mere are
crunchy chips inaustnal I - 180 C) maro: no

J fryers ' befo.re frYing. physico --. ! m.rromal
J .__ _D~llr~nL_ _.. Jl!!ation~f . __ ::I:..e~1.§' _' -!"l'ltS

---'---,

I
pJlp from the
peel Without
lcsinq any
part of the
pulp material

I
I-------------lTI ick slices TI~t: ; '.',) Jid

would not ::8 I ss. s in
result in rtc:1 .ns '/iriE n
uniform ,;lC ar :
product. and;~r ( .ec to ar
vxuld also I 'or : ore t'lal
not result In 3) 11 nuns

I the desired
crispiness,
taste ancl
coiour.
Eff.ciencyof
Ulis depends
on tile ssill of
the operator



baskets frying time, factors taste and 1
stirring of the affected colour of
slices and the end
monitoring of product,
end of
turbulence for
quick removal
from oil to
avoid high fat
contents- I ReductiOnDrained Strainers, Knowledge in Proper E. coli,

9 chips, sieves, proper draining Coliforms In
necessary to I draining is results in fat when the I greasiness !

reduce fat. important reduction of drainng
the chips equipment

is not clean 1----- -- -- ---- ----
Cooled chips Trays, paper No special Moisture E. COil,

) labour is content Coliforms I
required. when
Necessary to exposed for i
cool to the too long ,

right without I
temperaturE!._ -- packacinq 1-------

High density Skilled in E. coli,
~ing polyethylene operating Col:torms

bags (HOPS), machine

I
,

._----- -
Stamps, Computer IIg stickers, literacy
computer I

desiqned label I
-

Vans and cars Knowledge in I

iortino marketing, I

arkefinq

------ ---- ---------- "----- ._---'----- ----------"-

I

I-
I Drainin

Coolin

Packa

Labeli

Trans
and M

35

rmcdiL~ .:':

I
I

I I
Remo/al o-f-~- TI;5I-e uC, -S--
fat to prevent the 'at 1th3
accumulaton i cr cs ~ )mV
of fat in the 'f(): 50I.l':e
packaged v, terTI'" co rid
produci . a,s) b- 03t
Reductionof~Th,;re I 00---
heat, to avoid possib] loss
accumulation of I utmnts
of moisture in
the packaged

taterial --- ---

Ii Preservalion Pk\ell
I of preduct nuriu; r 11
i ! losses t at

COl.lJ ,1 se
frOI'1a I ligl t

I .
i anc 'Nil J
r:::--- ---- ---

Promotion of Prornot In d
I products nulnicr .1
I content
I

iG
: Income

1

Pro-not nc~
consul- tiO'1 I
of :1113p mt,ill
~~il ~ J



Name of end product : Juice
rirn ary process used for transformation: Enzymatic liquefaction and pasteurization

MOSi frequent cultivars: Cavendish, check on what is available in West & Central Africa
Strite of ripeness of fruit: Fully ripe fruits

Ess sntial UI

operation

Harvest & stor
de-hand banan
fingers on pall

Inspect & Sort
bad from the 9
ones.

Ripening of fn

36

--.---
it Optional unit Change in state ' Equipment used Labour skills

operation of fruit during in unit operation used in unit Physical -
state operation chemical

Purchase of ripe Ripening Farm implements Farm skills Peel colour as
a fruit Trained personnel ripens, Breakdc
t. I Sorting (able of chlorophyll,

I
change in stare

he I to sugar initiate
.od I loss in weight c--.-~-1Ripening

to respiration a

--- transplrati~
t Ripening chamber Dehanding Change from r,

or ethrel sprayer carefully to avoid fruit to ripe fruit
injury to fruit proper softenin

conversion of 2

starches into
sugars, loss in
weight due to

I respiration and
, transpiration
I

I I

[

I,
I

-.--- -- --.- J __ _. _1__ ~!_I ____ .

Q~~factors~ected du~ng_u~li! cper~~9~
I microbiological! sensoial TTeC,1I10Io~ic

I J,
I I & Co.urol----+---- --._--.-- - - --- -11---- -
, No map.r I Colour 6. I (Bad ',;: - ':,

wn lncrease 1'1 .nain ' th0SI, t' .tn
I unique arom , cuts, J ;l

h I I brUIS8'; l
d . othe: ( I;!:~ )
ue I I
d I I
-j---- -.--- .._- --- -----
w MicroblJI spoilage Developmell' of

I of fr Jit due to sweetne ss c ,;; te
attack l:y fungi like conversion c sta ch

I CollatoirichunJ into suq.rs F ropy
ttusse and sugar: ac.d .en JUI;

! Bol! yocl,plodla to increa ,e" aci Lty
I theobramae dUing along W'~ ili( ea.e ir

ripellin~j process. suqars <11':1
develop! 1,31" ~ )( c.'om 1

I

___. J _

Use :f
ripering ..,
like tl.r;
solut 0'1 or

I ethyl_l.cj "
v.oul j ',,~ i) il
lillifor':
riper: 1.;
\" thi , oJ Cl ,
ume. r. 0

q ..ali "
fruitsip .» "I with
e:11yl'cl,,-,;l :,8
I are ,',!: r

I Vilth C) 1,,;1,,,,"

Gcgr,,~1 0r
of st.: I Ie--~-- - .



c----,-·
Pe8j;;i-g- --1---'

I I

I
Protective coating
of fruit skin IS

removed, hence
easily prone to
spoilage if kept for
long time

Oulrirlg I Masiling Soft solid fruit
become semi-
solid pulp or paste

L ------I No peeling Should use sterile

I
machines are hand gloves to
available for ripe prevent

I
banana. To be contamination of
done manually I fruit pulp with
using shape microbes on bare
stainless steel I hand
knives. i

, I
~ . --1.-.. . -" •. _

37

--..--------- ~-- ---------.--- -----r-- -- --
- ------ -- ----- ---_. -.-.~------- -----~~:!~-. --

Frui; pulp s Prene to . No chane I This c: ,ut c
exposed to air CCI,la,,;, anon \y '501:S0'; 1 qt 'IH, I sno.i.' t:
Dela i 'n further fungi I rZE I dur In; I ee : 9 I ccrr P' ';(: a
unit opera-ion AsperjiJlls lii~'8r opcratcn I 3CO 1 ',>

could lead to I and bacteria li~e cossu. _ a',j
attack by spoilaqe StapIJ)locOCCLS the ne : unit
orqarisrns. I sp, E.lol' and lope, 2t'n
BroNnlng if kept I other I :od berne I star ej
for a long time ( 'patn00ens. I ,mn~ed' lei / .
hours) I I

Jan J~ 0 c,fr
crcd ':~i-.Ji!~
bana: "
sho; l ' <2

JISC;!( :' ,:!_. --
?,Jlp~lc, ir]
ell/oil,l:
'/2rylil',
capec • s
(-d~dI:,"!' Jt""'

t.lilol I'" jl! III
local
r-ianul . iurer
sacco .: n~ to
ciens
require: .ent.
The ti'l',_ lag
betwee
pU:pill~,
coeraf.. L'lU

SllOS<:I~,
u-ulop. ,ti~n

I Slloul:i, ,~!)C

more • : ;~n
I If II i3 " 'r';,

t cou ell'. lc!

,':

,---- - ----1- --- -- --~-.-------'- - ------ .• ---- - - - ----I A Junior Pulper or I Techrucian should Qual,t/ of , 1UO-2U p;Jm , Heavy I' etal
a heavy duty I be Nell trained I sta I),(=SSstee: PotClSSJill contam.uuic I fr, i'

mixer or blender Cnoppmq of used 1:1 puloer or ,metaol,u'r:-h:te equ.pm.r ts «oul l
I based on quantity I peeled fruits I rnixe: coulo aifeet cou d tJ dJdec 10 spol t1-(,;tast al j

would help in ec,sy ithe q"olity of solid preven. micrcb cd sensory ~u,i1 f c ~J,;:J

I
and faster pulplrg pulp' paste Tne contarr ..nation 01 I or JUice

quality of steel I sohd pl. p past; • Potassic 11
should De of 304 ' I metabisi.lpti ; sl cuk

I grade or above to I be adde I to ; 'ev ent
I I prever t reaction I \- brown.n; of f,lp j~e

between tile I to oxidatcn c
I I chemical con ten! 'I phenols,
I I of solid pulp/
I paste and the '
I metal cf pulper

, Heavy metals li~e
I I lead 0' 8rSe'1lC.'
I COUIC!C1CtO

J
I comarnauon
I and spoilage a:

_ _ __. ~_SI(~es of ..:::~~~ _



~ __. .__. -L __ .__..,----,---,_

Fectolvuc p.nZI,r',e I No optional unit
lreatnent and operation
.rcubation TII"18
2 h

38

-1_ l- -- ---- - --- -- - ,-_._--
'I The pulpy or semi Steam jacketeo Careful and Time and

solid paste Kettle or I thorough rruxrnq of : temperaiure
! sepa-rates into incubation- tanks pulp and pectolyuc control are veri

clear liquid juce with temperature I enzyme to bnnq cnhcal The pulo
and solids waste control (between oui maximum and e-izvrne

ambient and Juice yield rruxture has to le
1000e) incubated

between 4S-SJC
for pi ooer react all
to take place
between the- -~------. -- _.-'----- .-- -----.--

.---------l
I

operation.

___ . J . _J_

__ '. - - - - __ - I
I Teo tom ~
~ mcuoat ~n ,;oultl I

lead to crcwninJ
, of pulp/urce.

The SV/CI'tn(~'3
increase; as ,I tI c
sourole s !J:,[
separate hto '18

liqUid PCI: all .nd
.nso.ub.e po : .;CI:-

separate, ell

to SP')" -; ,8

puip :J\'
ox.daroi d'"

n Ic'ell

furl''l',''I'::'1.
so it S' ::['.JI

to use ,,:
elf.clt:"
pulpcru
requi I~J

caoa: tl 'or
I imprcvr ; t ic

elncicF! of
u'lit CflCl anon.
GI.1P ~ ~H?
requi.e i.se of
clean ~i, '/es
at 311lil:2S
h: pr_·('1·SS"lJ

, equir n dlt
sbou c! L '::
s·.Llin!~:_>· (J1"J

I c:eare,
thoro,~:'ly
b'2Tor2 r.d
a;:';I ..S,-.

L ~e of .'
k.'np~I._.'l:r ..;
c....,ltr:1 ::
il GlIUL' (I

I .
an 1lC: 'r

I even C' I d
I tHp 11

n.ain.a :1~:
lne
te;,r,Vr /UI J

I at de::i' J
-------



-I: ,----------.--enzyme and tile
pecunaceous

I material in the
pulp Normally 2

I
hours ncubaticn
time wou'd suttee

I
total break down i I
of pulpnto JUIC'; I I

I ! and pc mace I I ;

Primary filtration Centrifugation The liquid juice Basket pressor-Ilhe incubated- - -Thell'Il,idJl~-eis-i CI,-a:lCE-sol--IThe se:"cry- Ja tj- - rUseJf r ,s<~,t
Iising cloth filters I and solid pomace Basket Centrifuge liquid - solid more . feflren' ltlcn is I rnprovo. ov, th, I centr :l,;',!

are physically mixture has to be conceotrated more if rOldlng I ouilr: I irnprc t': j li 10
separated I carefully handleo materia, witll more time be.veen efftci';~.c} 0;

I to prevent spllla~;e sugar It should be filtra'ior, a'ld sepa at:,1 ;;i
and loss of JUice I hanoleo careful.y I subseqi.en; unit juce .:I.;~

I The workers I to prevent loss I operal.cn IStoo pomr.c '
I should use sterile I during filtraton ! long GfJP (, ·";H:)

~ hand gloves ana I and jUice

~akl~,~(ior--'- '-r Membrane filters I Separation of I'.~embranefiliers 6~~;kr;:~~~~/~t- J ~~;~~~~yand -r Til,,;Of lair inc,nts- Clari,y <1 ~ _. - - - - - . Sll;~, - ---
secondary I I finely suspended or pressure filters primary filtered transparency of I also ,'II!!Jd appearance I pre ves bls:r;~".s
fi1tratla:, particles of pulp or pasteurizing, juice to membrane luice unproves !~o eliminat -d ounnq p'odl,:ld 5)-

from juice battling and rak!ng filters of pressure claud 0' rnemorane 100 li'le. pc r
at ambient filters or bottling suspended futrauon If dilY rr.a, ~:o
temperature for raking partic.es will be pasteurized and fa' ra'. 1V'

visible rakec tll<' methcd :,5 i;
palnoqe, .s ,f at all I is less
any, geb kllied I exper-si.e If

I the vc .1'1'0S

are mar: :.ll~
I rnerrbrr;

~MOdif;-oroducli,y J Concenkalion I The purejUice- tSteelianks -or-- hhe laboucslioulo -'~ The-co, ;,sle;( f 'li :lv';;,;Io· i,"Ie, ,t,is II,-,-,;;. :el". 55 ;,;) ~.":~:fs'~'~
I dilution to make I further ror long would be very steel contamers or I know how to sweetness and used :01 ,I:U'.1011 Indlt, 31 (; aft:: tee ; cai be
! beverace and distant transport I sweet and thick in I steam jacketed calculate tile aCldlt) ,'8 tile can a'Iec: the Iue to oit.ior , t I rrnorove . eli
~gl~s.l~~~t C2!..!~SJ_2r..?-~~ct___ L.~~n~~e(~~:hic~J_!.~~ __ __ L,9..l@lltllY.2l.w.9!e..r:.__ faet.?r~ .'!'~cil fl.~!_1111ICrO~)~01_i!IC:~_J~lee~s ~~.~_a~ J~t 'd ~'09~ 0:,,1 Ii

1---'

39

I leve . 'I

impr _\ ,~t'18
l:IlZ,1l't1

Iiql,E;I::.';c:
effio::icli



affected-.-~---~-quaUy \..fli,e-~-bast:oc, t~ - ---r8ckr;,-,s' or
! bevera;e The sensoria ac, :ptc.ci,t/ charts '\..I

water used sho.ild of tre clients .r 21/ aill,[icl' uu:
I be coracle fit for statl.tvrj req. rei lent addit o: I of
i drrl1;':in~and free 1 of Icl'NS',:ve' lin~ the sugar "J' U)
i rrcm met,,1 ic fooe bi.s 183 or aCIJ,
i coruarr 1ants Check t,l'':

TSS III
rneas.r 'lg tile

I Eri<
I
I Gt16(\ .;k :;11

--. -·--------r-- .-.--. ----,-;--- -
AI! t 18 I aU,oge uc Sweeln 5S J d "cici'), I Past t , ;-I~3

11ICIOO'~c:1isms mcreas. sl!U Uy 'In (1"1 I inlprv\ ~ t ~(
wh.ch v.ou.d heve has to t . ad, ,stej effici~1 y
qaired artry based all e;'1 er.crce Past -t ',;:,,jc'
WOJld be «died gailled . Pi: .ucion SI10L!1:'~;I\',r;ys
dUling the of oie b 1:Ci1)f t' 8 Le d I' :1
paSteu' zaton and . Juice stainl, S s!ce
the oro.uct is f.ee I V(Ss,j'lls:ng
from harnrul c0ntll.)j.~.1
patt:oge:ns I flame If

r-eat n J
device

I can not be
consumed as

I such. It needs to
be diluted to make
it drinkable

and acidity. to be added to
adjust the total
soluble levels and
juice level baseo
on brix mete' or
refractometer

Add citric acid to
adjust the pH =
4.2

______ 1 I _
Fortification with I No change In tile Pasteurrzer or
extra vilamir s or state of juice steam jacketed
Iwnernls! kettle with

pressure and
temperature
controls

~- ------~---- --
Trained tecnnic.ao Slight evaporauon
to be aware that i dunnq
while Llslng steam I paste.: zauo»
Jacketed kettle, wou'd slighlly
there IS the need change the
to adjust the physico-chernual
pressure level tv composition of
get the reqoired beverage The
temperature for TSS and acidlt;
the pasteuuzaucn may u.crease

slightly

Dastel'riza1ior 21
80 - g00C for 1 ) -

15 minutes

Use of
preservative,
sodium benzoate
@ 008%,? use of
sodium
metabrsulphite

o,wC', ~f

CI1eCr '(:
TSS ~J
mea.i, lS :Iw
Brtx

i , Cne .l.: '~iyi-1----- ------1 -- - -- ------~--'- -
No change ir If tl')e tc 'ncerature I No .ha ~e i: tCJrc ~ " "
quaut, of the 1 fads be 0\'/ 8coe 'sensol', I qu "Ity be td~ t
proouc: dU11i9 nus I the IU ('0 fTiay gE:t I OCCJrs .t.nn th 5 ensi l' 1 c.:
opera:I~_ _~ COI1.an nJted \~~ __opefa~.o ~~I ~ "ss _ _ lC!.~I~ J

,---------t------_-------
Immediate 1 No change In Semi automatic or I The filling
consumption alter : state of juice automatic iurce I temperature
chilling 01 filling filling machine If It I should not fall
and ~e_~lRi~ _ _ _ i? t?._~.Q~e-.2n _.lelo~8.2°C:....~e

Packaging This
could be via tI'-'off:
i Bottling (Gla,'is

_~_ry~~s_t!~L _

-+0



(Bc'lles need (0

be sterilized just
betcre filling)

i. P asfic Pouches
( eg Tetra pak
pouches)

ill. Sachets

Sea ing ror bottles
& sachets

For 'elra pak
pouches, this will
be done
automatically
through form and
fill mechanism of
tile packaging
macnioe.

-~I

plastic pouches I I very small scale Tfiliing should be i -----pattiogt'nsncii~-Tcontarnirate- by- ---- doneas------
manual filltng and I done In hot, wlucn v, auld lcco I paihocer.s Cl ; tc fa I I asep Ie'Ily as
sealing can be condition to: I to sl.orter snelf .i-e In filling: ;rr' ratre \ posslle
done. I prevent! I of the product I

recontamination It I Fillin0 ar.d
i ISa swift I sealing

operation. mact'inc 5

irnpro t: thl'
produ cuon
efficie _, c:S it
fills c: rr"Ct "
rneas II' "j

I qllan:!ty ,f
: juice i III tl ::
i boule or

Crownc(Jrking for 'I No change in the
bottle or roll on state of juice
cap seals for
plastic bottle or
impulse heat
sealing for
pouches

_1 _

"T , _. . __ !. .___ ----1---. __ _ JOUC1_

improper sealing Leaf-Y seals WIJi Fac,lty seal.nq I Flavour c.1I0 t sts get ! For Sf1:!:
! could result in result III spillage of allows !:-ntr; of affected f lh, ~e, 'in~ i businesses

oreakage of bottle product ana spul I micr .ibr.s rrorr, <.i:- is unpro,er oper I tI'8 cro-.
neck Proper I the quality of juce and !eaJS to ! sealing e IS, I S letle corkinq
positioning of due to spoi-aq- ef the ' quality 01 tn« rou.ct rl<1Crtrl.

Dottie on the fermentation proo.ict I v.ouk: L\;
sealing macnme ideal Ic
and its sealing is I imprc . ,t'lt
mportant I etflci,,·l(.;'.

I I
___ . - _1 ------1--------

I Crown corker
. Impulse heat
I sealing machine
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l'1 i'11

('li'li,

~;I Ie

-f .nd product: banana I plantain flour
" I "0('CS5 usee: fO" transformauon: ell': ing
";" almo«t ?II b31l81l8. and plantain cultivars
r "';~CllCS~of fruit: ripen fruits (~ - 5)

----l---------- r---III . Optional 1J'1'! Change In state fqulpn
- operat on of frur durinq in unit

--- ---, - -..-.-_ _ _ _ _ ~~_ ___ _-L- _

C' I ch-:;r s'clcd I I'loO')'ioll No cri'lnge
r :Ilr,!'r s l
[h I;;; ("- 1 --- -I ~Jo-O')io', 1---- --- - ! Knife

f; r...j,~l

(")cr<"I )I,

S",lnC'll('

1/ c sl' I c:

PC'I:III (

1--- _

S:lcinr; [11

s,'1 Itl(' ("

\\''':81" ~I f=-

2r'l 1 I' /1'1(
cor sla: t c

S"( 8S IF;

,'-"llic' ('

t "\

ii' e

I'loOp'ion

No On'ion

I -------
I
I__t _

I

·,l :,11'

'j' xl
e',"

" I'll

I-,--
.-~---

8i'lS'110
VJ;lsl~i

- --f Entllf fruit
I

jp~ ___1 _
I Knives

I I

- . tpe,p ·,;ece,·~---h,,·ce;;--
(3 - 5111m)

-'---

1t used Labor skills Quality factors affected during unit operation
eration used in unit Physical I microbiological sensorial Technological I nutrition

operation chemical control al------r-
If there are cuts If there are If there are Careful
and lor deep cuts and lor cuts and handling to---
bruises. deep bruises, improper minimize
brov.ninq will microorganism handling, damages

Ioccur contamination colour
occur change and

speeds
ripening will
occur---- f----------

Remove all
bad or cut
fruits

----- --- --
Microorganism Use potable

1bowl Trained contamination water and it ,
factory hand. from water should be

I Training in changed I
GHP and frequently--- --
GMP very GPH (goodMinimize the
necessary time between personal
for ensuring peeling and hygiene) GMP
consistent slicing in order (good
quality to avoid manufacturing

---- browning pratices)
.nives GMP (good

manufacturing
practices). The
sugar solution
should be used
2-3 times and
new stock
made- - ,--



,[5rE; r~')1 i1 (i

rir s n;, mr ""
rl/i'ling v or i'l
or t.ir '( rr '(1"(

l
iJb~ili1!~I' .
Dry N' 11
te-rper itu: -,
be ["/':':31 "
G["-::;) cI I'"~/'
2t .- 30', nre;om
flc" rrlt'} r., (p."'"'

sr e sd

1 _

i tvlll rc IS" " ?
! piliP :,,,,,1; J1 'rill I

I :;> 'c 4 t '11'"' 1(,
I

ersuro 'es
CC2"Sr: na: :.-:1<;"\

,
J_. __ ._.

Si't ng ')" 1 fe/'"~
r,-icl,; 51": 'r \'1(:

ra'118 cf / C'
1~=fJ

I
iL_
I Par kaon-:
I '

u

L_._. _

---- -.---S' (;';-8'- --- '---'-

I- ,_, ------L-_
I Deyee'

I
I
I

__ , - _. . - I _
Coarse to fine -----ri

l
PIClte mill'

powder

I

I

I

I__. L__
Unifm'li fne flnl II S'Iler "

---------,
Packaging
rr achme *

J _.

--
To avoid
sticking of
slices

Loss of weight, Light yellow dry matter
starch and colour contain and
hydro-soluble enhanced, water activity

d vitamins, texture, determined.
.ian. increase in total aroma Periodic
g in soluble solid. enhanced calibration of
nd (caramelizati dryer to verify
Need on due to the
iodic Maillard temperature

reaction)
g to Microorganism Clean before
Ie Reduction in contamination and after use,

dry matter if the machine sanitizing
through loss of is not equipment
moisture and constantly periodically, I

other physical cleaned Grounding
losses teeth should

Ibe examined
periodically

,

and sharpened I

if warn out
Clean before
and after use,
sanitizing the
equipment
periodically,
Periodically
sieves must be
examined and
torn sieves
replaced

Non enzymatic Use
browning if not appropriate
well packaged, packaqinq

material - note
that the I- ----

Traine
echrn

Traini
GHP a
GMP,
for pe
review
Traini
upgra
skills
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'a!"(' of cnrl j11'0dIICt: Roiled plantain (Ampcvi in Ghana)
)"il";"-Y prnccss u-cd 1'1)1' transformation: noiling
;\'()~t Irco ucnt CII\tiYH": French plantain, OIlI1;a!Ja

(;n(\'1 su hs titut c«: l' alvc horn (Apuntu in Ghana, Agbogbo in Nigeria}, Essa 1/1mien II ,

St 11\' Ill' ri:ll'nc~s nr-"U'1: Green mature plantains

--- ----1'-- -- ---,--- --Eo I?n'i<1II.Jl1It I C.pUor.:11',nit Chanqs In I Equipn
C1"("8IiC1 I o'lE'!ra'i.')r I slate Of fruit ! used In

,.. ~- -I during s:~L°.Perat
, Oehanomq Cernen

::r I s"l"ction ! I de~ngering, raised
seoarat.on of I olalfor
ripening and 'aroau
broken. small Ihe floo
fingers, solit
il'ld twir'
fingers

L __ ,_
I Dirlv to clean

('lilts, re-nove
sand, makes
OAring

-P?"s,ef

IJ '~aslns
sizes)
1rollgh

I gloves
, I pctec

I ~'Clnd,

"?"ir 1

srace
I workin
i comto

~bles
_ J V\'~nle fn;it !9-L~1~lni~

.: ~

-
I,t Labour skills Quality factors affected durinc unit operation

Ilit used in unil I Physical! microbiologi sensorial Technological Nutritional
_~ operation chemical cal
'cor: ' Trained Right No Selection Uniform size Good

I skilled, to be ripening significant of green and right selection of
able to tell the I stage (1-3) microbiologi mature ripening stage the right

on difference to ensure cal activity important contribute to ripening stage
between the good to achieve product ensures
stages of I cooking boiled quality products of
ripening and I quality (i,e, plantains of uniformity and right
finger size I firmness, the right labour carotenoids

I
water firmness efficiency levels and

, content) other
i

I
nuturients

I I such as acids,
I

sugars and
i I

-- --'- _.--L starch
Igger No speoal ' Fruits are Eliminates No sensory Ensures No change in

skills are washed to any quality is production of nutritional
1ano avoid possible affected hygienic content

I contarrunati microbes during this product
e' I on with that may be stage
rklng sand present in
make the bunch

)Ie,
aske' I

ss "tee I Skill IS Peeled No No Skill of No chance in-- .-. ----



: Peelilic

i
i

1---
i SI· ., , ICing

Boiling

I fruits are
-~----

, pulp knives, I recureo to I microbial sensorialI separation is necessary to separate the subject to activity is effects are
achieved and avoid cross I pulp from the enzymatic noticed at noticed at
peel can be contamination I peel and browning I th IS stage, this stage
used for of the pulp with I scrape the when kept except

I soup, feed unacceptable I outer thin beyond 2 I when
meal and metals, gloves I layer of the hour from i peeled fruit

I biomass for pulp and the time of , IS left
I plantain fibers that peeling exposed fJr

farms may be on the SliCing over 12

I I pulp, and also should start ; hours

I to prevent cut as soon as I
on the pulp possible to I

,

1 which could avoid !I
II enhance browning ,

I
water

Thickness I No
absosrption

Sliced pieces Plantain Skill in Thickness TI
Slicers, (using oper ating both should be : rmcrobial levels that 1'1

I local knives manual and between I activity are lower rE
will not electrically 1 '12-1.5mm I when than 1.5 UI
produce operated and must processeu would pi
uniform slices rotating : be uniform quickly. I absorb '/J

and would be machine Skill [0 achieve Wilen more oil It(

time- I is also crrspiness delayed durrng tl'
consuming). requued ir enzymatic ' frying, and (I

Use of meat • efficiency and browning I would bend ta
I slicers with a safe handling which Will I after frying «

: rotating blade of the , affect the Thickness E
I .-- . will give a· - . . equipment in final quali'y i levels that I tn

I
more desired order to avoid

I
are higher 01

rounded chips accidents than 2mm ' th

I
I would be I

yery cnewy 1__

1. allow water Pulp is Cooking stove Knowledge of Pulp Addition of Over \It
to boil before cooked due (gas cooked pulp firmness, water after boiling I to

__._____ ~Qir29Jll~ __ __' _t~ _______ . _ kero.?~~~ __ ~ avoid ov~_.Jl~P of the ccokin9 _____~9 result I 31

--:1 -,ma~ing nutritional
lon,ituJin3 content
Illre on
the fruit
before
separating
the pulp
frol'l tre
pOe
wilhou
los 193ny
pat of the
PUI[!

material

46

ck slices
Jld not

sult ,n
fa fill

odul, and
Jld 31sJ
: re ul[ln

e desired
. ;pll'~SS,
sle .md

OUI

cie ;eyof
3 depends
the skiil of

E: o~'era:or

Important
ensure fuel
d lanou

There would
be losses in
vitamins Vlhel

I slices are
, exposed to a r
i for more th31
: 30 minutes

lOver boiling--
I could result i 1

i significant



----~ -- ,.-

I ~ ill' gelatinization
2 Clrrang~ tho of starch
')1 lie ir Dill, Complete
a-Jd wate an.: change from
Oil: on fir'? uncooked to

I cooked (i.e
boiled)

_____l L_
I Drained chips

---- --- -- ---,- ,----- -- -_j l
~~)~IlQ , -;- 1_~00Ied _~liPS _

jJa~a~>lg I I- - I

L__ J :
------ - ---- I-

Dr,'''iI10

,
I

--- -~--

i

L?I nlll1r

T-c' sil:J:ling
arr: rJl~r'<etin()

c~ 7

1

I

: - -------- -l'
___- _ J , L

.leclnc) coal ; cooking and i colour, should be in soft pulp efficiency and losses of
lOt, tripod soaking of I should be reasonably which is to reduce the nutrients such

cooked pulp free of clean to undesirabl extent of as vvitamin C,
I black spots avoid B. Pulp nutrient change in

microbial should be losses carotenoid
I contaminati firm and forms and,

on (E, coli, "crunchy" losses, acids
I I Coliform~I __ and pectins

;traln:rs.! Unskilled I Fat content E, coli, It is important If the draining
Jeves, I labour Coliforms to prevent the is unusually

cooked pulp delayed, it
from getting could lead

! soaked with further losses
I

water in plantainI

I nutrients
-rays, paper i Unskilled Moisture E, coli, Reduction of

i labour content Coliforms heat
1igh den sity I Skilled in E, coli, Preservation
olyelhylene : operating Coliforms of product
~~Rs(!:iQ£:.?U machine
stamps : Computer Promotion of
lickers : literacy products
omputer I

I

~~~gne~~b~L_, _____
/ans and cars : I<nowledge in Generation of

marketing, income
I,

--- ---.-- - ------- --' ----



\,111H' of end proCill( i' roasted plantain
Prm..rv nroccs-. use I f,'l' transformation: roasting

\ [,)S! frequent culri. ;Jr~ False horn (."\I)anlll in Ghana. Agbagba in Nigeria, Baiard/Big ebanga in Cameroon), saba used in Philippines
S['cc;ll nuali'y cultivar: Popolou (Camcrooruor Hawaiana (Nicaragua

~t ,tl' "r riper e« of fruit R illcning st(1g~ 1-() (ripening chart of 10 peel colour points according to Dadzie and Orchard, 1997)

~i er' ,;i-U-rii 11 Orl1onal In;( -TCilange-ln-' EqUlom,ent i La
on'rati ", cperalor J state cf fruit ! used in uni' us

~.-.---- --- - 1.------ --- ~~~~2f,~~,-¥r%~~o-n --1~~
:::'1 ! srlr,c:ti~'11 I . rleflnge"ng, 1 platform, I sk

: I separauon to i shade, I ab
I rlifferent I :arpaulin 01' i dif

rrpenirg the cement I be
stages. 'I' floor I sta
broker, small I i rip
rngers, split ' fin

I I. I______1 J;~~et~l_n __ ~ l_
: I Dirty to clean BClSlns (bigger Tr

'i' l;h,I';; I frllits. 'p'llove sizes), sk
! ,~irt. ma-es trou'Jhs ralld ab
I peelln1 gloves to e

=asier rrotect ti'e re
ha'lJ working di
space to make I aff
working I pr
comfortable
tables. ~rlsket

D~ -lin~

~--.---.--!.--.-.-.- ..-- -
Vhole fruit to Stainless steel II Sk

nulp , knives, re
separiltlo~_is I [1_e~ssa'x. to__ I se

Jr

lis Quality factors affected durinQ unit operation
It Physical I microbiologi sensorial Technological Nutritional

chemical cal
No physical No Selection Uniform size No change in

ie and siqniflcant of right and ripening nutritional
the chemical microbiologi ripening stage content

factors are cal activity stage will contribute to
Ie affected affect product

colour and quality, frying
ld textural uniformity and

properties labour
of product efficiency

.-
Fruits are Eliminates No sensory Ensures No change in

)e washed to any quality is production of nutritional
avoid possible affected hygienic content
contaminati microbes during this product

y on with dirt that may be stage
ly present in
md the bunch,

use of
notable
water

--- eicouraoed
Peeled No No Skill of No change in
pulps are microbial sensorial making nutritional

le__ ,-~~~ a::tivity is effects are lonoitudinal content



- --.-- --- - - I achieved and I avoid I pulp from peel enzymatic noticed at noticed at line on the I I

peel can be cont?rr·mat'or. effectively to browning this stage, this stage fruit before
used for of th," rlantain I ensure when kept except separating the
soup, feed with bad complete for long the when pulp from the
meal and met 'lIs, qlcves separation time of peeled fruit peel without

I bI0'11aSS for should be and removal peeling. is left losing any
I pla1tain I used of rernaininq Slicing exposed for part of the
I farms fibre on the should start lover 12 pulp material
I I pulp surface. as soon as I hours

I possible to I
avoid______L browninq

The vnole : PI:I;:>IS sliced Staialess stee' Skill in Dry- No No sensory Ensure similar There would
! pulp c - ule Into lwo or knives. operating both cooking as microbial quality sizes of be losses in
, also 1>" IJSeO Ihree pieces mechanical manual a~d a result of activity changes pulp/cuts are vitamins when

, per Quip, and I slicers electrically starch when here roasted at the slices are
shallow cuts I operated gelatinizatio processed same time exposed to air

. made on the I machine. Skill n, reduction quickly. for long
; surlace to I is also of moisture When
, ensure: required in delayed,
: effective heat ! efficiency and enzymatic

penetration te safe handling brovming
the core and I of Ihe which will
for faster equipment in affect the

~ cooking order to avoid final quality
i I accidents.
I i Skill in getting

l I I consistent
. 1_ . I sizes cut and

I I whole pulp for
efficient use of

I heat

.-; ici-r.

R'lst· 'n

-1(1

- - -i---'---
I
I
I
I

. __ 1 - __

~ 2hi1rVJe' from---' Open top Skill is I Loss of No There is Continuous Losses in
raw 10 i oven, mesh, required in moisture, microbial characteris and uniform nutrients,
cooked oulp I charcoal. hand To ensure I starch Ihreats tic roasted distribution of especially

I, .. . ' 'an i even heat gelatinizatio when aroma, heat for heat labile
_ _. . J distribution, n properly chance n maximum vitamins I



1- effective roasted colour and efficiency
loading and taste of the
good turning end

I
to prevent product.
over roasting

~ High density
or burning
No special Contaminati Preservation No nutrient

ing I polyethylene skill is needed on from of product loss
bags (HOP B), microbes if
papers. allowed to
transparent sweat
boxes

I Packaq

5()
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