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Thls brochure is one of a series of reports resultlng from T
overseas technical inquiries on factory or commercial estab- ¥
" lishments, operation, management, and engineering, The
report is designed to, provide only a general picture of the-
factors that nmst be considered in establishing and operatlng
/J a factory of this type. In most cases, plans for actual . u
dinstallations will require expert engineering and fJnanclal
. adv1ce in order to meet speciilc local condltlons. . \axi*

Mentlon of the name of any firm,.product, or process in ' '\;
-'this report is not to be considered a recommendation or an
‘endorsement, ‘by the Agency for International Development B
- but merely a citation that is typlcal in its field, e

ThlS report wae prepared by Fehmerllng A33001ates, Consultants .
to Food and Allied Industries, Bridgeton, New Jersey, in. . .
ol April 1962 for .the technical aids program through the facll-‘
SR ities of the Office of Techn1cal Servlces, U. Se Departmsnb
RVSER of Commerce.

- Technical wnformatlon, as well as. rev1ew, was. prov1ded by e
¢4 7 | Dr. Brynki Sandholt, Coldwater Seafood Corporatlon, Nantlcoke,wi‘
S Maryland. S e ; ‘ ; L

fFor further 1nformatlon and assmstance, contact should be T
.,made with the local Product1v1ty Center;. ‘Industrial Instltute,
«;Serviclo, or Unlted States Agency for Internatlonal Development?
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by .ﬁx"rmmcnon. i

The purpoae ot thia report is to present basi inronmation
on ' the :pr eesing of fruit and vpgetable jui'es

GENERAL Aséimnons

In order to make realistic estimates in this report certain5§
assumptions are made, These are: =

1. The costs of buildings, facilities, materiale
and labor are based on current United States .
prices,

2+ Water and power are available in adequate
quantities at the site of the plant.

Unless otherwise specified, water used for all
operations of the processing plant is considered
~to be potable and at amblent temperature.

Adequate transportation facilities are available
at the plant site, G

five,

The plant operates on one eight hour ehift,
days a week, flfty ueeks a yaar.




, 6. Metal in contact wit: fruits or vegetables, in all
'LAf . stages of producstion, is stainless steel or monel.

7. Cans are available, completely formed with one end
applied, ready for use, The cans will be received
at the plant in cases suitable for reshipment with
filled cans. The can lids will be received in
paper rolls or cases.

Anyone interested in establishing a plant for produc-
tion of juices possesses a knowledge of the basic
principles of food preservation, or will avail him-
self of the services of a person or agency with this
qualification.

Where items must be estimated, the estimates are based
on the most realistic figures available, applicable
to the area in the United States where a plant such

as the one described in this report might feasibly

be located, These items are:

A. Land value. R
Be Selling costs, including advertising el
allowances. N N

Ce Administrative costs, SRR
~Ds Taxes, social security and insurance."

)+ Colums are provided in the tables included in this i
report to facilitate the conversion of cost figuresyfy
- to cqnform with local currency and costs. T

PRODUCT SPECIFICATIONS

A juice processing plant usually produces a number of different or
related types of juices. They may be packaged in different types
and ‘sizes of containers.

Obviously the cost figures on all of the various types and styles
of julces, packaged in various types and sizes of containers,
cannot be shown in this repert.

For this reason, all cost figures contained in this report are
based on the production of one product packed in one size container
in order to supply annual production figures. The product used for
this purpose is unsweetened orange juice packed in 46 ounce cans,



":fIt is estimated that this product will comprise 20% of the‘
total annual production of the plant.

PRODUCTION CAPACITY

f]f The production capacity of this plant is based on a single product
;a8 stated above. The annual production is 960,000 dozen 46 cunce
. cans of unsweetened orange juice.

MANUFACTURING UNIT

Th,iﬁﬁﬁﬁfagt“ring unit is one dozen héfduncegcéhé

DEFINITION AND CLASSIFICATION OF JUICES =~

Juices can be classified as the liquids or liquids and pulpy B
material in relatively homogenous form, derived from fruits and
vegetables. The juices are, in most cases, entirely free of -
seeds and tough fibers, and of smooth consistency,

For purposes of classification, the juices are divided first L,
into three broad classifications: e

A. High acid juices.

Be¢ Medium acid juices.

! C. Low acid or non-acid juices.
‘Reference is made to these groupings in the mannef of their ftt“f1p@
thermal processing to render them commercially sterile for R
preservation, L

. Methods of preparatlon prior to extractlon are: also by groups., :

Flnally, methods of extraction and treatment prior to thermal‘*i
oprocessing are descrihed by groups'” : e



FRUITS AND VEGETABLES FROM WHICH JUICES CAN BE PRODUCED

It is impossible to enumsrate, in this report, all of the fruits
and vegetables from which juice can be made. The following lists
do include sufficient numbers of all kinds and types so that an
unlisted fruit or vegetable can be compared to one which does
appear here that possesses comparable characteristics.,

All of the acidity classifications are based on normal ripe fruit
and mature vegetables. ,

',>A. High Acid Juices ..

' Apricots.
Barbados cherries. '
Blackberry (Dewberry, Mora).
Carambola.
Cherries, practically all types.
' Citrus fruits (excepting sweet lemons, sweet v
limes, certain of the mandarin S
family).

Crab apple.
Grapes, thick skinned varieties.
Guava (Guayaba).
Naranjilla.

Pineapple.

Pomegranate, T _ S
Quince, / : D e Ll
Raspberry. S

Rhubarb,
Strawberry,
Tamarindo.

B.__Medium Acid Julces v Li

This classification includes fruits and vegetables which@produce
Juice in the pH range above 3. 90 but lower than h.80.;




:k;AnOﬂ&;

o Apples,
Bananas,
Blueberries, e
Cantaloupe. o
Currants. SR
FigSQ
Grapes, thin skinned varieties.
Guanabana. §
Jobo,
Lemons and limes (eweet), eome mandarin.
Mamey,
Mango,
Maranon,
Nance, o
Nispero (loqnat). o
Papaya.
Passion fruite.
Peaches,
Pears,
Persimmons,
Plums,

 Sapodilla,
Tomatoes,

25, Watermelon,

Zapote, —

G- Low Aeid or Non~Acid Juices

‘This;classification includes fruits and‘vegetables uhich producef?
juice in the PH range of 4.80 or higher. e > g

'u;yr‘ﬂ'j 1. Avocado.
.2+ Beets,
“ ''3. Broccoli.
- " he Cabbage.
. 5« Carrots.
" 6, QCelery.
7« Cucumbers,
8. Garlic,
.. 9. Lettuce,
10, Okra.
- 11, Onions,. 4
“ 12+ Peppers, sweet or heb
13. Spinach.
lhe Sqnlﬂhe
15, Turnips,




PRODUCTION PROCEDURES

The operations described in this report are, where possible,
- performed by mechanical equipment, however, substitution of hand
operations is not precluded if the same principles are followed,

L. Washing

Washing fresh fruits and vegetables accomplishes one or more or
the follow:ing purposes: ‘

(a) Removes soil or earthy substances,

(b) Removes mold, yeast, bacteria and/or spores or these o
microorganisms, : R

- (6) Removes insects, insect eggs, larvae or fragmonts..f _:,f1

(d) Removes downy or spiny portions of skin

(e) Removes toxic and flavor or odor bearing residues of f 
sprays and dusts, e [EER

 The following washing procedures apply to the fruits and vegetables
listed under the varicus washing methods:

1., Soak tank into which raw fruit or vegetable is discharged.
Tank may contain cold or warm water (to 120° Fahrenheit)
with or without addition of a harmless detergent. The
time in coak tank is 2 - 3 minutes. Fruit or vegetable is
elevated to brush washer with transverse revolving fiber
or nylon brushes which tumble the product under sprays of
water of high pressure, Washed fruit or vegetable is now
ready for final inspsction and/or trimming. This method
of washing is appropriate fors:

A6; AT7; AlO; All; Al2; Al13; Bl; B2; Bll; B3;
B19; Cl; €2; C5; C7; Cl5; B5.
Soak tank same as procedure No. 1 followed by elevator

-discharging into a washer constructed of rods running -
lengthwise, spaced 1/2 inch apart, attached inside solid :




" metal rings at each end of the washer. The washer

‘revolves at right angles to long axis on rings and
tumbles the fruit or vegetable under sprays of water
of high pressure., Washed product is now ready for
final inspection and/or trimming. This method of
washing is appropriate for:

Al; AL; A9; Al5; AL7; BY; B9; BlO; Bl2; Blh; . .

Bl5; Bl6; Bl7; Blé; B20; B2l; B22; B23; B21+,
B25; B26; C3; Cu; C6; C9; Cl0; Cl2; Clk.

.. 3. Boaker-washer equipped with stainless steel fine mesh
belt to retain fruit or vegetable which rests on the
belt and is elevated out of soak water by raised
flights on the belt. Product is conveyed on the belt
under sprays of water of moderate pressure. Washed
fruit or vegetable is now ready for final inspection
and/or trimming. This method of washing is appropriate
for:

A2; A3; A5; A8; Al4; Alé; B3; B4; B6; B8; Cl3.

e Abrasive peeling in a machine composed of carborundum
rollers revolving at high speed on which fruit or
vegetable is transported under sprays of water to
remove skin of unit and discharge the peeled unit onto
belt for final inspection and/or trimming. This method
of washing is appropriate for:

11. Sorting and Trimming

The sorting and trimming operations remove whole units by sorting,
or portions of units by trimming with knives for any one or more of
the following reasons:

(a) Insect damags or insect removal.

(b) Pathological damage (decqy). v

(c)  Imbedded roots or earthy’aubstances. k




OR

,’ ®

') Mechanical injury.

Roots or other tough, inedible portion of the fruit
or vegetable., R

Atypical color.

IITI. Extraction of Juice

, ~ Washed, sorted and trimmed fruit or vegetables are
- conveyed to sizers which consist of a belt with rollers

running lengthwise to the belt at the edge. Rollers

are at increasing distance from the top edge- of the belt
so that small units drop through the first section and
larger units drop out in each sueceeding section. Sized
fruits or vegetables drop into appropriate machine which
consists of metal drums revolving together. Drums have
matching pockets into which the unit drops. At a point
where the drums come together, a knife blade cuts the
unit into two halves. These halves are held into the
pockets by thin metal bands. Beneath each upper drum a
matching drum revolves in the opposite direction. This
drum is fitted with protruding metal kncbs with slit to
match the band holding the fruit or vegetable in the
pocket. As the upper and lower drum roll together,
pressure is exerted and the Juice is expressed from the
product. The peels are ejected at a point beyond the
end of the pressing cycle,

This method of exiraction is appropriate for:

Washed, sorted and trimmed fruit or vegetables drop into
a tubular chopper-crusher which reduces the unit size by
rupturing the skin and internal structure. Steam is
injected at atmospheric pressure to heat the mass and
soften the tissue and skin. The mass is heated to
approximately 160 - 170° Fahrenheit and drops into a
juice extractor. Paddles or brushes revolving inside a
circular, perforated screen separate the juice and pulp
(which flows through the screen) from seeds, skin and
tough tissue. The waste material is discharged from the
end of the juice extractor,




+~ This method of extraction is appropriate for:

ALy A2; ALy A5; A8; A9; All; Al2; Al5; Bl

v (Q)

()

(e)

B6; B7; B9; B10; Bl5; B18; Bl9; B20; B2l;
B22; B23; B2h; B26; G7; Cl2; Cli; ° Bl2.

Washed, sorted and trimmed fruit or vegetables drop into
a Juice extractor where paddles or brushes revolving
inside a circular, perforated screen separate juices and
pulp (which flow through the screen) from the seeds,
gkins and tough tissue. The waste material is discharged
from the end of the juice extractor.

This method of extraction is appropriate for:
A3; Al0; Al4; Al6é; B4; B8; Bl3; Blh; Blé.

Washed, sorted, trimmed and hand peeled fruit or vegetables
drop into a juice extractor where paddles revolving inside
a circular, perforated screen separate the juices and pulp
(which flow through the screen) from the seeds, skin and
tough tissue. The waste material is discharged from the
end of the juice extractor,

This method of extraction is appropriate for:
B3; B5; Bl7; B25; Cl.

Washed, sorted and trimmed fruit or vegetables drop into
a shredder where the flesh is shredded into pieces
approximately 1/16 by 1/16 inch of any length. The
shredded material is caught in frames several inches deep
and about four feet square, Frames are lined with thick
filter cloths that are folded over the mass when frame is
filled., The frames have detachable bottoms that are
removed when the filled frame is stacked atop otlier filled
frames., Blocks placed at the corners of each Irame
prevent them from fitting tightly together when stacked
and allows juice to flow between the racks. When the
proper number of racks have been stacked upon each other
(usually 8 - 10 racks), a loosely fitting, heavy plate is
placed inside the top rack over the protective cloth,
Hydraulic pressure is exerted until maximum extraction is
obtained. Juice is prevented from flying about by a



(1)

(g)

shield placed around the racks directing it below the
press into a cone bottom drain. The pressed cakes

"are removed and cloths are uashed thoroughly and dried

immediately.
This masthod of extraction is appropriate for:

Washed, sorted and trimmed fruit or vegetables drop
into a slicer which cuts the units into slabs of
uniform thickness. The slabs drop onto a perforated
metal belt moving through a hooded section equipped
with perforated pipes that inject steam at atmospheric
pressure onto the slabs to soften the tissue, The
partially cooked slabs drop into a hammer-mill where
metal blades revolving at high speed reduce the slabs
to a fire pulp that flows through a screen against
which blades force the pulp. The pulp is pumped to a
plate filter where pressure forces the particles
against filter cloths supported by solid, ribbed
plates, Clear juice is collected and thes residue is
quickly removed from the cloths, the cloths washed and
dried immediately.

This method of extraction is approprlate for:
C2; C3; C4; C5; C6; C8; C9; Cl0; Cll; Cl3; Cl5.

Washed, sorted and trimmed fruit drops into a steam
Jacketed kettle., Water at the rate of about one and
one hal® times the weight of the fruit is added and

the temperature is rapidly brought to the boiling point.
The temperature is maintained at nearly boiling for 45
minutes to one hour. Fruit ani liquid are then dropped
into a juice extractor where brushes revolving against
a perforated screen remove the pulp from the seeds and
the resultant ligquid and pulp flow through the screen,
Seeds, skin and tough tissue are discharged from‘the end
of the juice extractor.

This method of extraction is appropriate for Al7.

L10s



~IV. Blending of Juises

Juices are frequently packed with added sugar, salt, spices, harm-
less food colors, vitamins and citric or other fruit acids, It is
also desirable at times to blend juices from several varieties of
fruits to produce pleasant flavors or colors, The blending is
normally accomplished in open kettles. The kettles may contain
steam coils or be steam jacketed. Generally, they are equipped
with mechanical agitators which thoroughly mix the contents withou'
incorporating air into the product. All types of juices which
require this treatment are handled in exactly the same manner.
Usually a minimm of two kettles are used, one to be blending while
the other is used for filling, after which the juice continues
through the regular processing steps,

V. Preheating

This step is performed in the blending kettles, rJuices of‘ffﬁiﬁﬁ .
and vegetables contain enzymes and viable microorganisms of all ..
types. The purposes of preheating ars tos-

(a) Render enzymes inactive to prevent them from developing
off-flavors in the juices and to reduce the danger of
their destroying pectin and related substances that aid
in suspending the pulpy portions in uniform distribution
throughout the juices.

(b) Kill large number: of the microorganisms in the juices
’ and prevent many of them from forming spores. Since

spores are much more difficult to kill than microor-~
ganisms themselves, preheating is a very important
operation. Juice must be heated to a minimum temperature
of 180° Fahrenheit and held at this temperature for

3 -~ 4 minutes to accomplish the purpose of preheating,
Subsequent steps in processing should be carried out

" as rapidly as possible from this point,

VI. De-aereation

. Where preheating 1s employed, de-aereation should follow imms-
‘diately. This step is performed by pumping the preheated juice
into a closed container and drawing a vacuum of 10 ~ 15 inches on



the vessel, This frees the juice of any entrapped air. Removal
of air which contains oxygen, aids in retention of color and
flavor and vitamin content. Oxygen is the enemy of all of the
juice conatituents, especially if the product is to be stored for
an extended period of time. De-aereation is often omitted in
Jjuice processing, but it has been proven conclusively, over and
over, that it is a very necessary step if the quality or the juice
is to be retained during storagse. -

VII. Pasteurizing; Filling; Sterilizing; Coolingz

These operations are considered together because the acidity
range of the products dictates the types of operations. and their
- order, :

Filling froe flowing juices is accomplished in a rotary Juice
filler which operates on the gravity principle. Circular bowls
equipped with valves, which, when pressed by can or bottle bsing
lifted agsinst them, cause the juice to flow into the container
until filled, The valve contains an air release which forces air
in the container to be displaced by the juice [lowing into it.

For juices of very heavy consistency resembling a puree, a rotary
piston type filler is most efficient. This machine is composed
of a circular bowl, inside of which pistons operate in cylinders
to draw in the exact amount of material required to fill the
container. As each container comes under its spout on the
machine, a cog is tripped which causes the piston to depress and
force liquid into the container. When the piston is fully
depressed, it begins the filling cycle by drawing another quantity
of julce into the cylinder. When no container is present in a
particular pocket, the cog does not engege and no material is
wasted,

(a) Preheated and de-aereated juice is filled into cans
or bottles at temperature of near 160° Fahrenheit and
caps or lids are applied. Containers are placed in
crates and into boiling water. The cook time is
measured from the tim. the water in the retorts
comes to a second boils Coocking continues for the
specified time, depending upon type and size of the
container. Temperature of 195 ~ 200° Fahrenheit,
at center of can, is usually sufficient for a period
of 6 - 8 minutes. The containers are then removed
from the boiling water and placed in cecld running



‘(c)_

»iater until the contents of the container reach a
‘temperature of 100° Fahrenheit. In cooling glass
- containers, initial cooling water must be warm

(130 - 11&06 Fahrenheit) to temper the glass and
prevent breakage from shocke

' This'processing procedure ls appropriate for: |
‘fAl; All; Ak Alé; Bl; B2; Bl BS, BG  §7§}
’*BB,' Bé; BlO;> Bll; ' B12; Bl3; Bli; BL5; - Blé;
317, Bl8; Bl9; B20; B2l; B22; B23; Bes; B26,
®

Ehactly the same process1ng and filling operations as
described in (a) apply. Cooling is accomplished by
removing crates of containers from boiling water and
stacking the containers pyramid fashion or flat to air
cool with or without fans. Cooling must be down to
ambient temperature before casing the product,

This procedure is appropriate for B24.

Preheated and de-aereated juice is filled inte
containers and lids or caps applied. Containers are
placed in crates and into retorts, the retort lids
closed and secured. Steam is injected into the retorts
and with the vents open, the temperature is raised

until the proper temperature-pressure relationship is
established, This is determined by reading the
thermometer and pressure gauges simultaneously. When
the proper relationship is established (see reference #l),
close all vents except the small top one and time
process from this point., Time and temperature will vary
with type and size of container and the acidity of the
product, Ordlnarily, center of container temperature of
220 - 225° Fahrenheit must be reached and maintained

for several minutes to render the product commercially
sterile. Cooling can be done in the ccoking retort
under water pressure equal to that at which the
processing is accomplished, by partially opening vents
and adjusting the water valves so that steam pressure

is replaced by water pressure. Cooling is continued
until the product temperature is reduced to approximately
100° Fahrenheit. Retort is then opened, drained and the
crates removed,




~;1hib'ﬁrocedure is appropriste for:

C6; CT7; QS;'tC§ bmbloj

- e F

C15.

(d) Blended juice at ambient temperature is de-sereated and

E pumped through a plate or tubular heat exchanger where
the temperature of the juice is elevated to 210°
Fahrenheit by steam or hot water surrounding the plates
or tubes, between which or through the juice flows. Hot
julce is filled immediately into containers, lids are
applied and the container inverted to sterilize the lids
for a minimum of four minutes. They are then cooled by
either placing them in a spin cooler in which they
revolve under sprays of water to cool rapidly, or
by being placed in crates and into tanks of running
water, Glass containers are ccoled in crates in running
water or on a moving, perforated metal belt under high
pressure water sprays. In all cases, cooling should be
continued until product temperature is approximately
100° Fahrenheit.

' This procedure is appropriate for: o
A2; A3; AL; A5; A6; AT; A8; A9; AlO; AL2; .A13§,

(A5 A17; B3,
VIII. labeling and Casing

;TWhére production is small, labels are ordinarily applied to containers
manually, Where labor costs are high, or where volume is large, the
- use of automatic labeling machines is necessary.

Cans are labeled automatically in a machine through which they roll
under propulsion of overhead belts, Hot resincus material is applied
to one spot on the can and this picks up the label, Paste is
automatically applied to the end of the label as it rolled onto the
can. The paste adheres the end of the label to the overlap of the

~ other end of the label. The machines are adjustable to practically
~‘all can sizes,

Some jars and bottles are labeled in this manner but the majority of
containers of these types are labeled in an upright position ina‘ - .




: rotary machine which spots the labels on the bottle with a preas: |
~and wipe action. These machines are adjustable to most of the -
popular sizes of jars and bottles.

The containers are usually cased manually after labeling, the
exception being in operations which produse large volumes of a
single container size., Automatic casers are not adjustable and >
therefore, usually confined to large volume operations. Cod

Glass containers are hand cased, normally, to prevent breakage. ‘.

- X Storage

- "All canned and glass packed foods are subject to loss of rlavor,j"“;j,"
" color and vitamins during storage. i

%'-The most acceptable storage is that in which the temperature . =
remains nearly constant at about 70° Fahrenheit. These condi.tiona :
should be maintained within commercial practicability. e

NECTARS

The term "nectar" is broadly applied to diluted juices to which
sugar and citric acid are added to bring the concentration of

each of these constituents to a level near that which occurred
naturally in the fruit. Many nectars contain added flavor, -
either true fruit or synthetic. They may contain added color in
some cases, ‘

Nectars are mentioned only to explein that they can be producéd

- with the same equipment uwsed for fruit and vegetable Jjuice
production, Processing depends upon the pH range ‘of the product,.

USE OF PRESERVATIVES

- 'LIn .son8 areas of the world the cost of cans and glass containers
is prohibitive. For this reason other types of containers mst
o j_be considered. Juices can be packaged in heat sealed polyethylene



bags if harmless preservatives are added. In the event this:
type of packaging is employed, the following procedure could
be followed:

(a) Extracted juice is pumped to blending kettles and
all of the ingredients added (sugar, acid, etc.),
and the juice heated to 180° Fahrenue!t to inactivatef

the enzymes.

(b) Proper amount of preservative is added to the batch e
and dissolved with agitation, :

(c) The juice is cooled to approximately 140° Fahrenheit_f
and filled into polyethylene or other suitable \
plastic containers and sealed.

(d) Containers can be air or water cooled,

Extreme caution must be exercised in the filling;'seeliﬁg; 6601153"
‘and distribution of products packed in plastic containers to R
avoeid rupturing them, . _ : v

Food laws should be carefully studied to determine Hhether preser—
vatives are allowed in the type of product and place of manufacture
~contemplated.

QUALITY CONTROL:

" Consumers of food products are "brand" conscious and owners of
established brands attempt to pack merchandise of uniform quality
- for this and other reasons,

In juice production, where the product is homogenous, less
difficulty in achieving uniformity is encountered than in many -
other products. '

The flavor of juice is generally greatly dependent upon the acid
and sugar present. Tests for these constituents are relatively
easy to perform;

(a) The sugars, or more exactly, the soluble solids content .
of the juice is usually expressed as degrees Brix. The
Brix scale is based on percentage of sucrose, One -



®)

;’Standard alkali solutlon.;f ? F
: Phenolphthalein indicator solution.h; e
wDistilled waters. | |
f;The procedure for acid determinat:on is aa follo‘
7 1;‘ Measure 10 ml, of juice by pipette into an

 §2.'gAdd 30 = 40 ml. of distilled uater.

3, Add 10 drops of phenolphthalein indicato +0 the |
o flask. : ‘ R

degree Brix is equivalent to one percent sucrose.

" Inasmch as fruit juice of all types contain many
- sugars in addition to sucrose, they are all

expressed as sucrose as a matter of simplification.
A hydrometer, graduated in degrees Brix, is placed
in the juice in an appropriate size cylinder and the
Brix is determined. There are tables zvailable for
making temperature corrections when readings are
made at temperatures other than that at which the
hydrometer is calibrated.

Another method of sugar (Brix) estimation is by use

of a refractometer. This instrument is read by
placing a drop of clear juice on the prisms and
reading the percent of sugar directly on the scale,
The refractometer measures bending of the light rays
by sugars in solution to perform its function. Tables
are available for temperature correction for use with
this instrument.

The acidity is determined by neutralizing a measured
amount of juice with a standard alkali solution
using an indicator which changes color when neutral-
ity is reached. The apparatus required for acid
determination is as follows:

One 50 ml, burette graduated in 1/10 ml, graduations.
One 10 ml, transfcr pipette. o 5

One 200 ml. small mouth Erlynmsyer flask. ‘-f §;] ’

Erlynmeyer flask.




. ke  Add standard alkali slowly from the burette

"~ - while swirling the flask until faint pink color
appears in the diluted juice and persists for
30 seconds.

1;5J Record amount of alkali solution used to the
nearest 1/10 ml. and calculate the percentage of
acid as citric acid using the following formula:

ml. standard alkali used X normality of alkali X 0.064 X 100
10 X specific gravity

Example: ml. alkali used = 15.5 ‘ S
Brix of juice = 10.6 = specific gravity 1.040 (taken“
from table of Brix - specific gravity relation)
Normallty of alkali = 0,1000 : ,f:f

‘Then: 15.5 X 0.1000 X 0.06k X 100 = 292 = 0. 95;c1tr1c acid '
10 X 1.040

Analysis of representative fresh fruit samples for acid and sugar -
present enables the operator to blend two or more lots of fresh
fruits or vegetables of varying acid-sugar content together to
produce a more pleasant tasting juice than a single lot of fresh
product would furnish. ,

 In addition to the sugar-acid analysis, the finished product should be.
- Judged for quality as follows:

" Color - should be typical of the juice extracted from fuily ripened
fruit or vegetable of the type and variety used, free from darkening
or dullness and pleasing in appearance.

Absence of Defects - juice should be smooth and free of large pieces
‘of tissue, seeds and pieces of skin, dirt, dark specks and other
extraneous or foreign material.

Flavor - juice should possess a pleasant, typical flavor of the

fruit or fruits (vegetable or vegetables) used in preparation of the -
product. It should be free of scorched or off-flavors of any kind,
not too sweet or not too acid if the juice is 1ntended for consumption
as a beverage as processed.

If Standards for Grades of the juices have been promulgated in the
country of manufacture, or, where sales are contemplated, these :
Standards should be available for use in conforming with the quality
regulations.




. DIREGT MATERIALS

) ‘Annual Cost o
Unit Cost Estimated Actual

crangss 500,000 boxes § LOSox  § 945,000.0

cag;'g.-.,f_”n,szo m*  80.00/m¥  921,600,00
Cases 960 m*  113.00/m* ' 108,480.00

° Anmual Cost
" Estimated Actual

$ 2,400,00

 Clean and sanitizing chemicals © * 1,800,00

Gluoand case sealing compounds 2,700,00
Sparepartsand maintenance 2,700.00
{_iOffice supplies - 3 f;j ‘. ‘ "1?,15"0,'60‘
f‘i"Total S T $11,350'.oo

20%<, o!i the total cogt a.llocated to -

fkf “one. product is . - $2,270.00

PLANT ,LuoUT

_"A suggested plant layout 1n block form, indicating the 'product; flow.
:l.s shown on the last page of this report. ‘

+*¥.m. = thousand. =



PLANT SITE

In order to provide for future expansion, and to accommodate proper
truck movement in unloading fruits or vegetables, loading waste ‘
~ material, and shipping finished goods, an area of approximately five
acres 1s required, , ‘

The estimated cost of this plant site is $6,000,00,.

20% of the total cost allocated to one product is $1,200.00. Z;Q’jgi

BUILDINGS

A one-story building 60 feet by 160 feet or 9,600 square feet is
required for the processing operations and warehousing of the
finished products for a plant of this capacity. The processing :
area must be tightly screened, the walls and floors of the building
of impervious materials. The warshouse can be of open construction
(trussed roof) to prevent stacking space loss from posts, .

Fruit storage bins 20 feet by 100 feet will be required,.

"~ A boiler room and pump house will require a building of 2l feet by
30 feet. . ,

AﬁThe total estimated cost of the buildings, completo, is $155 000.00. 5

1 20% of the total cost.allocated to one product is &31 000.00.

_ ments amount to 165 horsepower.g;

%fThe annual cos' of‘powar;is”estimated at $h,500.00.yfiij,!

i?zozrof”the totalﬁoost allocated to one product is 3900.00.




WATER

The annual cost of water for washing fruits and vegetables, cooling
~containers, and sanitation purposes, is estimated at $5,100.00. o

20% of the total cost allocated to one product is $1,020.00.

CEHIH R R R R RN



ﬂiTruék écéléa~ff.

_fBelt conveyors, .133,;>w L

"FSortlrg conveyors, roll ra_:'n 2

ftBrush washer.

‘Fruit sizer

| Juice éxtra¢£ops‘}-‘

IO S
‘5 ?a$£eurizer
Juice finisher
,Deaeraﬁor

Juice filler

Blending kettles ' .

.Can washers

Can tracks

- Closing machines “";f_gff?”

Can spin'cdolérs
: Can-casers
Labeling.machines

Case sealers

Waste disposal pump . -

Laboratory equipmént' 

L;ft,truck
Pallets
Total 5

' PRODUCTION EQUIPMENT

Number Unit
Required Cost

1 $ 6,000,00

L
1 j ﬁ‘2é°°°’°°
1
12

”"f:1;1,75o 0

| Various® ° ''5,000,00*

. 2,500,00

G000
e
'3*19§5db§65;T*7{f21 000.005;
i 11,ooooo *»~  ~22 ooo.oo;}‘*'

L 5,500.00

6 _6 500, oo}’ L
| "‘;1 500.00,;1_;:i
000
, "2',000 00 |
27,500 00
4,500, 0 18,ooo.ook,;
03,0000 6,000,00
“‘*3 500,00 7,000.00
A,ooo 00
. 5,500.00
36000

© 4,000,00

Cost
Estimated

$ 6,000.00

'_5',,609;'09'_” ‘.
' 2,000.00

6 500, .00°
€0, ooo.oo B

,'k‘11,ooo oo B

'126 ooo‘oo,
6, ooo .00 :
'v 2,000, oo’“ :
: ‘ys,ooo 0w . =
110,000,00

7,000.00

5,500,00°
3,600,00
6,000.00

’f;;j{]_é;qo_

$350 000.00



OTHER TOOLS AND EQUIPMENT

Description - EstimatGdGOStActual
2 Dump trucks 3 9,500.00
Welder and shop equipment , ) : 13,000,00 __
Sanitation equipment 3.000,00 __
- Total o ¥25,500,00
~ 20% of the total cost allocated to one product is $5,100,00,
FURNITURE AND FIXTURES
Number Unit ‘ Cost
Item Required Cost, Estimated-  Actual
Tables and chairs 6 $100,00 $ 600,00
Filing cabinets ) 150,00 900,00 —_—
Typewriters 3 250,00 750,00 _____
Adding machines 2 200,00 400,00 ___
Tt w6000

" 208 ofthetotal cost a]located to one product is $530.00.



Occupation

'Truck dumpers

Bin loaders

Bin dumper

Scales operator
Sorters

‘Washer operator

81 zer operator
Extractors operators
Helpers

Finishers operators

Blendors and deaerator
operators

Fillers and closing
machines operators

Pasteurizer operators
Finlshers operators
Coclers operators
Casers operators
Labelers operators
Stacking laborers
Lift truck operator
.Stationary engineer
Total

DIRECT LABOR

Number
Required

2

L Y S TR IS

o
'2, :
2
s
':*él;
.°32?“
L

50

Hourly
Rate

$1.50
1,50
1.50
2,00

-~ 125

1.75

2,00

2.00‘
1.50

2.00 . .

‘Anmual Cost

Estimated

$ 6,000,00

6,000,00
3,000,00
4,000.00
15,000,00
3,500.00
4,000,00
8,000,00
6,000,00
8,000,00

7,000,00 : -

16,000.00
8,000,400

7’m0m -

14,000,00
M,OOOQOO

8,000,00

20,000,00
4,000,00
5,000,00

FERERREEE
;”;fé_:?  . | E‘

$166,500,00

20% of the total cost allocated to ome product is $33,300.00.



“INDIRECT LABOR

| "General mnager o

$ 16,000.00
110;
oso

. 16,000,00

. Production mnager -
Sales manager

~ Plant supermtendents' R |

Office mnager e 8,000.00
~ Ofﬁ.ca staff

ﬂMa.intena.nce chief |

1

1

1

2

: 1
b
1

2

. Maintenance helpers

' quality control chief |

" Quality control helper ‘ “ -
Sanita.tion chief

: Sa.nitation helpers

Number . "j.v . Anmual Cost..
Required - Em""__.;;}&‘___.__

Actml o

10,000, oo};;.é e

tm 1 00000

20% of the t.ota.l cost allocated to: one product :I.s $24,600 00. s




'Dé‘écriﬁ ion .
',Bundi.nga -

" Production equipment T

| Other tools and
equipment :
- Furniture a.nd fixhures

ot

- Deprsatdin s
" Indirect labor

Power
« Wa._t}erl o

o vS\llp‘pl;!v;’eys
. Total

" Eetimated
' Cost

" $31,000,00 20
0,000.00 - 100

: f‘ f' "Cvr'»“ L S 2‘*’

Annmual Cost

Years ,
Estimated _Actual

- life

$1,550.00
7,000,00

o os000

5 39,113 00

VANUFACTURING OVERHEAD

Anmal Cost
Estimated Actual -

- § 9,113.00

1,020 oo"

a,zoo 00

o _2,210.00
| $42,103.00




: Itmi.f'

Direct la'bor  ‘ B
acturiag overhead

&
B

Production equipment ,
Other toola and equipmnut
Furniture and ﬁ.xtures |

o :f':v‘;"a“lf“l'n‘m‘ ACTURING COSTS

. $2,028,072.00

R0 475,00

" FIXED ASSETS

©170,000,00
o 5,200,00

Anmal Cost
Estimated Actual -

33,300.00

Gost

zetﬁated Actual’f;gf'

3 1 zoo.oo :
' 31,000.00




 ORKING GAPITAL |

S Gost
' Estimated Actual®”

Direct materials - $169,006,00

fh Difé§t¥1gp6r i ‘1   2‘322376§3095lg;f

. 3,508,00

- Manufacturing overhead

‘_Reaerve'for saléé_é?ilgpb;ona}f 30 days Ti?ﬂféhh:dbO(Odj

 $419,280,00
' CAPITAL REQUIREMENTS

. Cost
~ Estimated Actual .

L gamee L

 Working capital =




The a.nmxal production capacity of thia plant is 960,000 cases ]2/k6 ounce’
cans of unsweetened orange Julce (20% of the total plant capacity of
c:l.tme juices).

'l'he ourrent average ssles pr.l.ce of thia comod.'l.ty is §2,65 per case
(one dogen cans), o S
Based on these figures the annnal sales revemue would amount to
82 5%, omo W e . . NS

HECAPITULATION OF COSTS, SALES AND PROFITS = .

' RS v EBstimated
Item =~ ° B Cost

Direct materlals ~  §2,028,072.00
‘Direst labor . 33,300,00
Mamufecturing overhead k203,00
Total mnuracturng cost - 52.103.1;75
Interest on loans | 8 | 244,000 00 RRER
Insurance - v _5’500.00 e
Legal fees R 4’500.00_:’ .
Auditing | | . 6 ooooo
Unforeseen expense o M

Total administrative cost " s 6o.ooo.oo' deil

Sales commissions (3,5% of sales) ’. 89 Oh0.00

Travel, label allowance, swell P e

_ Profit before taxes N 261-,@5064.,”15
Total anmusl gross sales .' $2,541+.000.00




BUDGET GONTROL

A requisition form designed to provide accurate records of procursment
and indicate the purpess of the procurement with the least amount of
time and effert is shown on the following page.

This form has an account number for eackh type of thn various expendi-
tures which the manager will revisw in detail, monthly or oftener, in
order to control his expsnses., 3ome tems, such as power and water,
are usually under contract and are easily checked by reference te

n athly bills. For simplification, items (marked with an asterisk
below) are omitted from the purchase requisition. Variations in the
labor costs are easily reviewei by examination of the payroll vouchers.
The simplified type of control thus provided makes certain that the
manager can control expenditures promptly.

Payment of all expenditures in connection with budget control should
be made by uniform vouchers. Each v wucher should carry an ascount
nuxber,

At the end of each mcnth the manager will receive a statemsnt of all
expendituras broken down by budget accounts, If the expenditures
exceed the budgeted monthly allowances of any of the accounts, the
bookkeeper will furnish the manager with a break-down of all expendi~-
tures relative to “he budgeted accounts exceeded, All these supporting
data can be secured hy reference to the purchase requisitions and the
check vouchers. This reference will enable the manager to determine
what caused the gver-expenditure and take corrective action,

If at any time during sach monthk it becomes apparent that expenditures
will excesd any of the budget accounts, the bookkeeper will bring this
information to the attention of the manager for his information and
action.

BUDGET CONTROL ACCOUNTS

’ Monthly Monthly Annmual
Account Number Expense _Budget __Budget Actual
10 Administrative % $ 3,333 $ 140,000 §_
20 Sales 9,920 119,040
30 Direct materials 169,006 2,028,072
40 Supplies 190 - 2,270
51 Powerit » L 5 900 .
52 Water# v 85 1,020 o
53 Fuel i . 350 4,200 —
60 Unforeseen expense ' L
(Reserve account) 1,666 20,000 SR
71 Direct labor# - L 2,766 33,200 . .
72 Indirect labor : © 2,050 21,600 o
80 Depreciation e - L

759 . 9,13

(Reserve account)




PURCHASE REQUISITION COMPANY NAME DATE

[J 10 ArMINISTRATION (1 »o supprLIEs

O 20 saLss {1 so vrmrres

[ 30 MATERIALS ] 60 unFoRESEEN EXPENSE

INDIGATE BELOW THE USE OF MATERIALS
[] DIRECT MATERIALS [C] MAINTENANCE SERVICES
[] MAINTENANCE MATERIALS [[] OPERATING SUPPLIES
PLEASE ORDER THESE MATERIALS OR SERVICES : 1

QUANTITY DESCRIPTION UNIT Mﬂ-—

"REQUISITIONED BY

APPROVED BY .

LI

ORDER NO.




ECONOMICS

It is suggoated that a copy of the manual entitled "Food Processing
Feasibility Study" (Code Number ID-14) be obtained and studied to

aid in determining the fuasibility.of establishing a Jjuice processing
plant., This manual describes, in detail, methods of gathering ‘
general information and data required to prepare a feasibility study.

Specific data which may require technical aid in assembling follows:

(a) Yield of juice from fruits and vegetables expressed in
usable units such as gallons per ton, stc. Methods of
Juice extraction should similate, as closely as possible,
the methods selected for use in the proposed plants,

(b) Labor requirements for various operations. Equipment
manufacturers can provide fairly accurate approximations
of the number of workers and the skilils necessary te
operate their machines.

- (e¢) Preparation of samples of products which may be new te

the market contemplated, for use in market surveys. Can
menufacturing companies, or private, commercial laboratories
can prepare samples in quantity desired for the market
studies,

Manufacturers of industrial equipment and supplies employ engineers

and technicians familiar with the use, design and installation of their
specialized products. These manufacturers are usually willing to give
prospective customers the benefit of technical advice of the engineers

and technicians in determining the suitability of their equipment, and
supplies in any proposed project.

The equipment and supply manufacturers also know, and can recommend,
professional engineers and consultants in private practice, who are
willing and able to provide appropriate technical services,




- PLANT AND OPERATIONAL REQUIREMENTS

Proper safety alds and safety programs; cleanliness and sanitation,
are of utmost importance in a food processing plant. These require-
ments can be met only by proper construction of the buildings and
selection of equipment which can be easily cleaned. There must be
adequate space provided for the work to be accomplished, Sufficient
time and funds must be allocated for safety and sanitation programs
of training and inspection.

A. Senitation

1. -The plant must be so constructed ag to meet all governmental

- requirements and accepted industry standards relative to
sanitation. These requiremsnts include; proper drains and
waste disposal units; adequate light and ventilation; all
doors and windows properly soreened against inseots, rodents,
etc.; proper and adequate storage space; rest room and wash
room faeilities for pe=sonnel,

2+ Equipment must be so located and of the type that provide
ample room for ease of operation of all pisces, and suffi-
cient free work space for cleaning and sanitizing mst be
available,

3. In addition to the regular production staff, a thoroughly
trained cleaning and sanitation crew must be considered as
a part of the production personnel. These people must be
supplied with adequate cleaning apparatus and cleaning
materials.

B, Safet

There is always danger of accident and injury in any industrial
plant. Because of this, the manager should.see that each
employee fully understands the importance.odf safety precautions
and intelligent first aid. The following safety features should
be included in the plants




1. All machines with moving parts should contain safety shields'
and guards in good working condition. The operators should -
understand their function and make full use of them.

-2¢ First aid supplies should be readily available throughout
the plant. A number of the employses, in addition to the . =
superintendent end foremen, should be trained to use the first
aid equipment and supply first aid service. . :

3. Fire extinguishers should bs strategically located throughdutpf
the plant, and, a number of key employees should be trained
to use this apparatus, Addltlonally, each employee should
understand his responsibility in case of fire.

4o Periodic fire drills should be held. Also, regular training
in first aid and regular safety inspections should be '4f
conducted throughout the plant, , PRy

Ce _Training

Manufacturing a product of inferior quality during the training
period could create sales resistance that might be difficult to
overcome later. To avoid such possibilities, the quality of the
finished product should be maintained at all times, including
the training period.

In some areas skilled workers and opefators may be available
locally. In other areas all personnel may have to be trained.

If skilled workers are not available, adequate training would
be assured by one or more of the gollowing methods:

le A contract could be negotiated with the engineering firm
which designs the plant, to also train the personnel, The
firm could agree to operate the plant for a definite period
of ‘time or until the personnel is capable of producing
. acceptable quality products.

- 2+ Koy personnel may be placed in a similar industry in a
. foreign country for training while the plant is being
constructed and made ready for production. .




N

e

ﬂIf'neither of the above methods is possible, then qualified

and experienced individuals should be employed for the
key positions, either permanently or temporarily to train
the organization. Private consultants in the field could

“be retained to train key personnel and to insure the produc-

tion of quality food products.

The general manager should have broad experience in this
type of business and be fully qualified in all phases of
business and personnel training.




MANUFACTURERS OF FOOD PROCESSING EQUIPMENT AND SUPPLIE.S

The following companies manufacture equipment for complete procesoing
plants and also individual machines and equipment: : e

American Machinery Corporation o .
Orlando, Florida SRIERE A

F. H. Langsenkamp Company
Indianapolis, Indiana

. A. K. Robbins and Company, Incorporated
Baltimore, Maryland (R

‘Tho following companies manufacturefoia"xi‘cﬁo;'-}g:; e

Berlin Chapman Company
Berlin, Wisconsin

Food Machinery and Chemical Corporation T b
Hoopston, Illinois . T e

Scott Viner Company
- Columbus, Ohio

The f ollowing °°mpa.nies manufacture can forming equipment~ ;’11

-~ Ee We Bliss Company SR S
- New York, New York R S I N

- Max Ams Machine Company
Bridgeport, Connecticut

'i:ﬁ:e:"-following companies manufaétﬁref:f cans i

American Can Company
New York, New York

-~ Continental Can Company
- Chicago, Illinois

Crown Cork and Seal Gompany“”'
_ Baltimore, Maryland o



-~ The following companies manufacture conveyors:

Berlin Chapman Company
Berlin, Wisconsin

F. B. Pease Company
Rochester, New York

' Scott Viner Company
Columbus, Ohio

The following companies manufacture outters, dicers and choppers:

Berlin Chapman Company
Berlin, Wisconsin

Food Machinery and Chemical Corporation
Hoopston, Illinois

Urschel Laboratories, Incorporated
Valparaiso, Indiana

. The following companies manufacture £illing machines:

Berlin Chapman Company
Berlin, Wisconsin

Burt Machine Company
Baltimore, Maryland

The following companies manufacture steam »jéékétqd k‘et}tl‘:yea:é',:

Berlin Chapman Company
Berlin, Wisconsin

Lee Metal Products Company
Philipsburg, Pernsylvania

" The following companies manufacture m:l.xers:"

Mixing Equipment Company, Incorporated
Rochester, New York

F. B. Pease Company
Rochester, New York

Lee Metal Products Company
Philipsburg, Pennsylvania



~The following companies manufacture peelers:

Food Machinery and Chemical Curporation
Hoopston, Illinols

Scott Viner Company
Columbus, Ohio

- The following companies manufacture pasteurizers and heaﬁ exchangers:

Food Machinery and Chemical Corporation
- Hoopston, Illinois

A.P.,V. Corporation
Buffalo, New York

.The following companies manufacture retorts:

. Berlin Chapman Company
Berlin, Wisconsin

Food Machinery and Chemical Corporation
Hoopston, Illinois '

- The following companies manufacture steam boiléfsﬂapdf“3ﬁ3§éf§§ég

Automatic Steam Equipment Company
Philadelphia, Pennsylvania

Boiler Engineering and Supply Company '
Phoenixville, Pennsylvania

Foster Wheeler Corporation
Philadelphirs, Pennsylvania

'The following companies manufacture uaspergs?

Berlin Chapman Company
Berlin, Wisconsin

Food Machinery and Chemical corporatio :
Hoopston, Illinois o e



7 Thefollowing companies manufacture,;-ﬁjﬁiée"“thréétglbfé -and pre

Bérlin Chapman Company
Berlin, Wisconsin

Food Machinery and chemical corporation
Hoopston, Illinois

“Tho following companies manufacture preaemtivos %

Monsanto Chemical Gorporation
Saint Louis, Missouri

Charles Pfizer Company (Sorbic Aetd) :
Brooklyn, New York ' ""::F

~ Other manufacturers may be found by referring o list:}_ngs, Such.'
‘Thomas! Register of American Manufacturers, ‘ g



REFERENCES

““"1Sterilization of Canned Foods S
American Can Company 1953, 218, . 42pp..
Maywood, Illinois Lol

" 2, Canning Practices and Control e e
: - Jones, Osman and Jones, T. We 1953, 3rd.edition, 322 pp. :$10.00 -
Anglobooks ", e ey T
475 Fiftn Avenue, New York 17, New York

3. Commercial Fruit and Vegetable Products S

” Cruess, W. V. 1952, 3rd edition, 906 pp. ’$12.003M .
McGraw-Hill Book Company, Incorporated : b
330 West 42nd Street, New York 36, New York

L

4, Campbell's Book, a Manual on Canning, Pick11ng and Preserving
. Campbell, C. H. 1950, 3rd edition, 222 pp. $15 00 -~ -
Vance Publishing Company o L
139 North Clark Street, Chicago 2, Illinois

5. m_%wwm_mmww
Tressler, D. K. and Joslyn, M. 2, 1954, 962 pp. . ' $15.00 .~
‘Avi Publishing Company ’ O T R
31 Union Square, New York 3, New York

6. The Chemistry and Technology of Food and Food Products
Jacobs, M. B. 1951, 2nd edition, 3 volumes,  $42.00[

Interscience Publishers, Incorporated
250 Fifth Ave1ue, New York 1, New York

o

7. Citrus Products: Chemical Composition_and Chemical Technologg
’ Braverman, J. B. S. 1949, 424 pp. — $1l. 00 LR A
Interscience Publishers, Incorporated .
250 Fifth Avenue, New York 1, New York

8. Small Canning Facilities, Equipment, Techniques and Operations =

© An Operational Manual for Cooperative Program Use . =~ -* " =
Publications and Technical Services Branch ‘ ' '

‘ Agency for International Development

- Washington 25, D. C.

1 The publication listed below can be obtained from Publications and
Technical Services Branch, Agency for International Development,
. Washington 25, D. C. and M1551ons.

i' 9. Food Processing Feasibility Study
s ‘Code Number ID-14




ROTARY WASHER

'Fo Ho Langsenkamp Company
Indianapolis, Indiana




INDIANA E-Z ADTUST PULPER
UNASSEMBLED

Fus H_.v Langsenkamp Company - .
-Indianapolis, Indiana: e




TRANSVERSE SLICER

LIQID FILLER AND SYRUPER

" F. H. langsenkamp Company
Indiana

~-Indianapolis,
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JUICE HEATING TANKS

F. H. Langsenkamp Company
Indianapolis, Indiana
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'FLOW SHEET FOR PRODUCTION OF CANNED ORANGE JUICE
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