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SUMMARY

Dairy industry waste with special reference to cheese whey has been evaluated with respect to the quantity available in Quebec and Canada and their
pollution strength.

The current methods followed for the disposal (land

disposal, whey powder, animal feeding, wastage) are discussed.

A few

industrial cases for the management of their whey in Quebec have also been
i ncl uded.

A number of opti ons ava il ab le for recovery of protei n by ul tra-

filtration and fermentation products (ethanol, protein, products of hydrolyzed lactose, vitamins, organic acids and solvents, oils and fats, animal
feed, 2,3 - butanediol, resins, polysaccharides, etc.) from permeate thus
obtained have been identified.

Research carried out on the utilization of

whey for these produc ts i s revi ewed.
viability of the products is presented.

Ba sed on research data the present
An economic evaluation of the se

products for which sufficient data are available is made and presented.

Keywords/Descriptors:
Cheesewhey, Cheese whey, Cheese whey powder, Bioconversion,
Protein recovery, Dairy wastes, Dairy residues,
Economie evaluation, Quebec, Canada.
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1) Dairy industry wastes

Many food and dairy industry operations produce large quantities of high
strenght effl uents that consti tue a maj or di sposal probl an.

Many of these

streams are dilute (4 - 5 % total

solids) yet have a biological oxygen

danand (BOO) in the range of 20,000

~50,000

PJlTl (parts per million).

The

BOO levels are chiefly due to sugars and starchy materials in wastewater.

Whey i s a byproduct of cheese production, when fat and casein are removed,
generated at a rate of about 9 kg for every 1 kg cheese or 6 kg for every
1 kg of cottage cheese.

One hundred kgs of whey i s equival ent to the sewage

produced by 45 peopl e (59).
discharging 50 - 150

X

At thi s rate a mediLln si ze cheese pl ant

10 3 kg of whey/day, constitues a polluting strength

of equal to the sewage frorn 22,500 to 67,500 people on a daily basis (60).
In many countries including Canada most of the whey is discarded as waste
creating
~O,OOO

severe

pollution

ppm) (20, 21).

problems

because

of

its

high

BOO

(35,000

This high BOO is due mainly to the lactose which is

present at concentrations between 4.5 and 5 % (20-22).

Whey

is

very

rich

source of minerals,

sodium, copper and iron.

calcium,

phosphorus,

potassium,

These minerals have very good digestive qualities.

It is also a very good source of vitamins of B-complex group, riboflavin
pentothenic acid, etc.

But their availability varies considerably.

composition of cheese whey is shown in Table 1.

The

- 2 Table 1
Composition of Cheese Whey (58)

% dry weight basis

fat

0.3

protein

0.9

lactose

5.0

ash

0.5

nitrogenous compounds

1.0

minerals and vitamins

0.8
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As

environmental

control

becomes more stringent,

fewer municipalities

tolerate the combining of the high BOO whey with other effluents processed
by local sewage disposal facilities.

Similar concern are also preventing

traditional land spreading practices continuing in many parts of U.S. and
Canada.

The food and dairy wastes in fact should be viewed as a rich, inexpensive
potential

source of raw material

from which valuable products can be

produced.

Addi tional advantage of these wastes i s that they are avail abl e

all year round at fairly constant rate.

2) Pollution control
=In the past, the application of pollution control technology to the process
effluents from the cheese making industry has pursued three alternatives:

- direct discharge to the municipal system
- pretreatment at the cheese plant followed by discharge to municipal
system
- full treatment at the cheese pl ante

The high organic content in whey coupled with a relatively balanced nutrient
composition indicates that sorne method of biological treatment is appropriate, but experience has shown that this is not entirely without problems.

- 4 -

Even though whey i s nutri ent bal anced, the lactose fracti on causes the
bacterial population to swing towards filamentous organisms which are unable
to use the amine acids present as a nitrogen source.

Protein molecules,

because of their large size, are unable to pass through the bacterial cell
wall.

The extracellular enzymes break down the large protein molecules but

the overall reaction rates are low (98).

Moreover, high strength of wastes

makes conventional aerobic treatnent very difficult and expensive.

Anaero-

bie treatment of waste to generate methane is possible, but in many cases
has a poor return on investment.

A further consi derati on i s the effect whi ch whey di scharge may have on an
existing biological treatment plant.

In many cases a cheese plant is

located in a rural area and thus, the organic load from the cheese plant
will be many times greater than the organic load from the community.

As

well because of operational nature of cheese plant, the loading rate to the
pretreatment plant will not be constant unless load equalization is practi cede

Experi ence has shown that for successful treatment of cheese pl ant

waste the influent BOD5 concentration to the biological system should not
exceed 1,000 mg/le

At concentration higher than this, severe bulking

problems have been experienced.

One method of reducing the impact on a community's waste treatment facility
is to practice some degree of pretreatment at the cheese plant.
ment process alternatives are many.

Pretreat-

For example, screening followed by flow

equal i zati on pri or to conti nuous di scharge to the muni cipal system i sone
possible solution.
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It should also be noted that the most municipalities have a sewer discharge
by-law and impose a sewer surcharge to industry if certain maximum values
are exceeded.

While the economics of waste treatment are site specifie, it

i s readi ly apparent that opportuni ti es for si gnifi cant cost savi ng through
pretreatment can be realized.

In any polluti on control strategy study, the opti on of provi di ng compl ete
on-site treatment to achieve effluent discharge standards must be included.
Experience in the cheese producing industry in this regard are many and
varied.

They range from activated sludge with its many process variations

(extended aeration, contact stabilization, the oxidation ditch and more
recently the pure oxygen injection systems and deep shaft).

The problem of whey tratment demands simple economical solutions particularly in the case of small chee se plants in which oxidative disposal methods
may be too costly to install (23, 24).

The large amount of whey among fewer

factories can have advantages and disadvantages.

If the sati sfactory

methods of whey disposal are not available, additional supplies of whey can
mean greater economic returns.

The larger volumes can make it economically

feasible to adopt processing techniques not practical for smaller quantities
of whey.

In other words, if disposal is a problem, additional volume can

increase returns.

It is in the best interest of cheese maker and specifically the small one to
get rid of the whey at lowest possible cost.

The quantity of whey, 91 % of

the incoming milk volume, its high solids concentration (6 %) and high

- 6 -

biochemica1 oxygen demand ("'30,000 I11g/1), coup1ed in many cases with an
unfavourab1e environmenta1

location of the cheese plant, make a cost-

effective solution rather e1usive.

3) Production of whey in Quebec and

cana~

Annua1 production of whey in USA and Canada is 16 billion kg and 1.5 bill ion kg respective1y (1).

The production of cheese in the wor1d has been

i ncreasi ng steadi 1y and in 1981 reached 11.6 x 106 tons (19).

The total

amount of whey generated in thi s activi ty was near1y 10.4 x 107 tons.

In

1985 cheddar and speciality cheese production in Canada was 178,711 metric

tons and that in Quebec provi nce 60,676 metri c tons.

Th i s generated

5,746,422 metric tons and 1,697,755 metric tons of sweet whey in Canada and

Quebec respectively.

Muller (2) reported that of the 1.2 billion kgs of

1iquid whey produced in 1979 in Canada; 49 % was used for whey powder; 8 %
was fed to hog; 17 % was dumped i nto sewers and 26 % was di sposed of on
land.

The producti on of cheese inCa nada has i ncreased to more than two times from
1965 to 1984.

In Quebec the producti on of cheese has i ncreased from 32,535

tons in 1965 to 76,181 tons in 1984 (Table 2).

At the same time increased

in cheese manufacture has ma i n1y i ncreased in the big pl ants who are
equipped with drying equijl11ent for whey.

The small industries, since hike

in energy price are in search of more economical solutions.

With the recent

decrease in the petrol el.ln pri ce has not really made the dryi ng process
economi cal.

In 1978 about 35.6 % of whey was di sposed in envi ronment

- 7 Table 2
Production de fromage au Québec en tonnes métriques

Année

Fromage
cheddar

Fromage
cottage

1965

27,883

1,014

1966

31,649

1967

Fromage de
spécialité

Total

Québec/Canada

3,638

32,535

34.1

1,279

4,510

37,438

36.3

29,204

1,389

5,078

35,671

35.0

1968

32,426

1,450

5,259

39,135

37.0

1969

31,810

1,620

6,639

40,069

35.9

1970

33,585

1,838

8,690

44,113

37.5

1971

45,524

2,029

9,726

57,279

42.3

1972

41,896

2,128

9,272

53,296

38.8

1973

45,313

2,067

9,149

56,529

40.7

1974

54,875

1,968

9,688

66,531

44.9

1975

33,445

2,171

19,940

55,556

38.0

1976

32,469

2,360

23,718

58,547

38.4

1977

35,452

2,139

23,364

60,955

37.6

1978

37,592

2,539

25,552

65,683

37.5

1979

48,060

2,385

27,645

78,090

39.9

1980

54,235

2,261

26,814

83,310

39.7

1981

46,946

2,784

28,721

78,451

37.1

1982

36,228

1,699

31,061

68,988

33.8

1983

42,400

1,907

28,762

73,069

33.6

1984

42,739

2,075

31,367

76,181

34.0

1985

53,316

2,290
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whereas in 1976 the volume of whey which was diposed in environment was 28 %
of the total production.

This figure amounted to 507,000 metric tons of

whey in Canada and 161,000 metric tons of whey in Quebec.

In 1976 only 1 %

of the total volume was used in liquid fonn for animal feeding.

In 1984

about 736 x 106 l of cheese whey was produced in Quebec, about 8 % was
di scharged in the envi ronment about 16 % was constJ11ed by the animal sand
about 76 % was dri ed.

The producti on of whey powder in Quebec in 1985 and

1986 is shown in Table 3.

4) Current disposal methods of whey in Quebec and Canada

The most common methods of di sposal and recovery other than from dryi ng to
produce whey powder are:

- returning whey to

fan~ers

for animal feeding

- dumpi ng i t as a waste or sewage
- selling it to processers
- paying processers to collect it.

The more wi dely used method i s evaporati on and dryi ng of the whey to produce
whey powder which is used in bakery and other food preparations.

In 1979 it

was indicated that only a little over one half of the whey produced is
utilized, most of which is in the fonn of dried whey powder, an industry
which barely recovers its production cost because of poor markets and high
energy expenditure.

.- 9 -

Tabl e 3
Production of Whey Powder in Quebec

1986

1985
metric tons

Jan.

2302

2491

Feb.

1839

2049

Mar.

2384

2182

Apr.

2510

1997

May

2655

2226

June

2196

1986

Jul.

1084

Aug.

3059

Sept.

2874

Oct.

3148

Nov.

2791

Dec.

2822
29,663

Corresponding figure of 1985 = 18,886 m.t.

12,931
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Although installations for drying and processing might be economical for
large pl ants, thei r costs were reported to be prohibi tive for medÏl.m and
small plants (2).

Because both small and medium size cheese plants are

unable to afford whey drying and processing equipments.

Thus only large

facilities with an output> 150 x 10 3 kg of whey per day are able to realize
a return on investment from processed whey products (60).

Also whey utili-

zation requires adequate cooling and storage facilities.

One considers whey as a resource or a pollutant, the sheer quantity represents a significant management challenge to the cheese producer.

While the

large cheese producer has addressed this problem with cost effective solutions made possible through econol11Y of scale, the smaller cheese producer
has been l ess fortunate.

Al most 50 % of Canada' s cheese produci ng pl ants

fall into the small scale category (Table 4).

The main source of waste whey

in North America is also due to smaller plants (59).

Cheese whey has been considered as a feed to the porcs.

Provided there are

enough hogs, the whey can be substituted in the hogs diet up to 25
the total.

~30

% of

It has been estimated that the hog can conslJl1e up to 1,000 l of

whey per anilllal annually.

But due to high trucking costs, liquid whey can

only be used for hog feeding within an economic radius of 30-40 kilometers.
In many cases, however, the hog popul ati on i s sma 11 in rel ati on to the
mmber of cheese pl ants and therefore feedi ng li qui d whey to hogs becomes
uneconomical solution (2).
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Table 4
Distribution of Cheese Production Plants

Capacity (kg/day)

Number of Plants

11 ,000

90

~

11,001 - 24,000

28

24,001 - 45,000

38

45,000 - 91,000

14

91,001 - 227,000

7

> 227,000

5
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The more recent approach for the whey utilisation is the ultrafiltration to
separate the protein and so called permeate containing mostly lactose.
protei n i s used for food and repl aces the egg whi te.

The

But the permeate

obtained after ultrafiltration is normally disposed without trea'bnent or
recovery.

Also there are few small group of industries which are selling

thei r whey to other i ndustry in a radi us of 80 km, to recover the protei n
by ultrafiltration (ultrafiltration is dicussed in this report later).

A

few cases of cheese industry in Quebec for the management of their whey are
discussed in the following pages.

5) Management of cheese whey in few Quebec

industri~

Case 1

This Co. has two cheese plants at Boucherville and Ni col et.

The Boucher-

ville plant produces cottage cheese and sour whey as a by product at a rate
of 35,000 lb/day (17,289 kg/day)

having a pH of 4 '" 5.

The protein

contained in this whey is of inferior quality for hunan consunption and
therefore this plant does not recover the proteine

The whey is mixed with

other plant wastewater for neutralisation before its final discharge into
the municipal sewer without trea'bnent.

This way the plant is wasting about

1,750 lb/day (865 kg/day) of lactose to the sewer.

The type of cheese produced in the plant at Nicolet are mazorella, brick and
cheddar type.

The amount of sweet whey produced in the operation is of the

order of 150,000 lb/day having a pH of about 6.2.

Ultratfiltration is used

- 13 -

to recover the protein.

The penneate, generated i s partly used for pig

feeding (about 50 %) and partly either for land spreading or is discharged
to the municipal sewer.

Apart from precessing their own whey the Co. buys

whey from 6 to 7 other cheese plants, situated in 80 km radius, to recover
the protein by ultrafiltration.

The amount of liquid whey procured from

other plants is of the order of 400,000 to 500,000 lbs/day.
received either hot or cold after pasteurization.

The whey is

The total amount of whey

processed by the plant is 550,000 to 650,000 lbs/day.

The protein concentrate obtained during the ultrafiltration has 20 - 50 %
protein on dry weight basis.
with 35 % protein.

However the main product of the company i sone

The market price of this product is $ 175/kg and is used

to replace the milk powder, used in ice cream, bakery, sausage etc.

80 % of

the dry weight of the permeate is lactose and 16 % are minerals.

The penneate from thi s pl ant sorne times i s concentrated by reverse osmosi s
followed by evaporati on.

The concentrate thus obtai ned i s used to repl ace

the molasses and has a current price of

25~

/lb.

HYdrolysis of this

concentrate to produce a mixture of glucose and galactose to use as table
sugar has been tried.
the application.
taste.

However, demineralization being costly affair 1 imits

Without demineralization the powder gives a inferior

Moreover, the installed plantIs evaporators are not of high quality

leading to high cost during evaporation.
range of 13 -

20~

/lb.

For example drying cost is in the

According to this companyls report demineralization

is very important step without which the concentrate is difficult to use for
food consumption.
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Case 2

This plant produces cheese and milk powder and process 450,000 1 of milk per
day and produces about 255,000 l/week of whey.
and dri ed to produce the whey powder.

All this whey is evaporated

The whey powder i s of two types

called Band N based upon denaturation criteria.

The temperature used for B

and N are 196°F and 168°F and market price is 58~ /lb and 46~ /lb respectively.

The total steam conslJl1ption during this process is about 1 kg of

steam per kg of dry powder produc/ed.

This whey powder is sold to Co.

Prescobell and is used for bakery products.

The production and utilization of cheese whey in few industries in Quebec is
shown in Table 5.

As

is clear from the Table 5, most of the cheese

i ndustri es in Quebec uti 1 i ze thei r whey for whey powder, protei n recovery
foll owed by di sposal of permeate to sewer or agricul tural 1 and and li qui d
animal feed.

The production of whey powder is feasible economically for

1 arge producers and the profi ts are margi nal.

fvbst of the industries

dispose their whey as animal feed at the cost of transportation which varies
from 5(: to

10~

per 100 1 bs dependi ng upon the 1 ocati on of the farm.

The

mai n probl em to produce protei n concentrate by ul trafil trati on or to produce
the whey powder by evaporation, i s the high cost of equijl1lents ($ 250,000
for UF units).

For exampl e, the company Nutrinove used to produce whey

powder before 5 years.

But now they have stopped and turned towards farm

di sposal due to i ncreased cost of evaporati on.
which they get from the farm is
of whey per day.

5~

/100 lb.

The transportati on cost

This company produces 40,000 1

- 15 Tab1 e 5
Production and uti1ization of cheese whey in few plants in Quebec
Processing

Quantity of whey
produced
kg/day (1 b/day)
Agropur:
Coopérative Agroalimentaire

2 x 10 6
(4.4 x 10 6 )

Whey powder, biomethanation
(operationa1 difficu1ties in
methane bioreactor)

2) Société coopérative
agrico1 e de
beurrerie

9.07 x 10 44
20 x 10

Sold for porc feeding at
lOt/100 1b (or 10t/46 kg)

3) Fromagerie
Princesses Inc.

2.72 x 10 4
(6 x 10 4 )

Sold for porc feeding at a
price of 13t/100 lb

4) La Fromagerie d'Oka
Oka, Québec

73,000
(160,000)

Till before three years used
to hyperfil ter. They se"
to other indu stri es and pay
50 $ per truck transportation

1)

5) Fromage
La Chaudière

6) Agrinove

7)

Des1 i1e

8) Nutrinor

16.33 x 10 3
(36,000)

Part1y in cream production
and part1y animal feeding

51,000
(112,435)

Whey powder

306,000
(650,000)

Protein recovery, sewer
discharge, land disposal

40,000
(88 x 10 3)

Animal feeding cost
40t/100 1
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6) Global utilization of whey

On a global basis, a divergence of whey disposition practices exist (96).
In Denmark no whey is wasted and in Sweeden it is illegal to discharge whey
i nto the sewerage system.

In Is rael 84 % of whey produced i s wasted and

whey is not used for animal feed.

On the other hand in Denmark 90 % of the

whey is fed to animals.

Byproducts recovery for protei ns and 1 actose specifically i s accompl i shed
usi ng concentrati on technol ogi es rangi ng from spray dryi ng to ul trafi 1 tration couples with gel filtration.

fvt>st countries practice sorne degree of

whey conversion into useful products.
93 % of their whey being processed.
New Zealand,
feedi ng,
feeding

The Netherlands lead the way with
In Canada only 48 % is processed.

In

casein whey was used mainly for spray irrigation and pig

whereas cheese whey wa s used for 1 actose manufacture and pi 9
(99).

Forty-five of the pl ants disposed of effluent by spray

irrigation, 38 by discharge into natural water ways and municipal sewers and
one by means of biological treatment unit operated by the dairy.

Food

uses

of whey

are

increasing

and

have

encompassed pharmaceutical

products, dairy products, bakery products, confections and coatings, frozen
and canned foods as well as powdered foods.

For example production of whey

powder in Canada has increased from 41 x 10 6 kg in 1977 to 57 x 10 6 kg in
1981 (97).

The choice of recovery technology i s a function of end product

use criteria.
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7) Management strategies

The successful handing of whey dictates that a management strategy embodying
by-product recovery and pollution control prevention be devised.
usually

the

smaller and medium cheese

plant operator

(0(

It is

11 ,000

kg

cheese/day) who has difficulty in finding a cost effective solution to the
whey management problems.

A correct strategy for industrial pollution control consists of minimizing
feed-stock leakage, optimizing product conversion efficiency, maximizing
recovery and recycl e of process losses and optimi zi ng by product generati on.
The objective is to reduce the amount of waste material which results from
the parti cul ar i ndustry and thus will exert the mi nimum economi c burden to
that company by way of waste treatment requirements.

There are many exam-

ples in industry where by-product generation and recovery have led to economic spin-offs which more than paid for the cost of pollution control
(95) •

The cheese producer does have a number of options when addressing the whey
problem:

- processed into edible products
- used for animal feed
- application to agricultural land
- wastage (treated to effluent discharge quality)
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Recovery of sugars, proteins and minerals in the waste effluents by crystallization, evaporatian and spray drying are practiced in many food and dairy
plants.

The energy cast especially that of natural gas (though trend in

cost of petrol etm product for the l ast few months i s downward, however
future situation is unpredictable), even in spite of

co~aratively

lower

cast, have made many of these operations economically unattractive.

One management approach applies the principles of pollution control and
resource recovery and i nvol ves appl i cati on of ul trafil trati on or hyper
filtration and reverse osmosis for concentrating the whey solids as shown in
Fi gure 1.

Ultrafiltration has provided the cheese maker with a means of channeling the
component of whey wi th the greatest val ue i nto market pl ace.

The whey

protein concentrate (WPC) is an item of world wide commerce, with significant dollar value.
kg of WPC,

That is the bright side.

The dark side is that for each

2.3 kg of permeate solids are also produced, with a lactose

content of approximately 85 %.

A nwnber of options have been proposed to convert permeate to a value added
product -

and other more profitable alternatives are constantly being

evaluated.

These alternatives includes alcohols, organic acids, solvents

and protein which are discussed in the subsequent pages of this report.
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Fi gure 1

FLOW DIAGRAM FOR POLLUTION CONTROL AND RESOURCE RECOVERY
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7.1) Ultrafiltration

An ultrafiltration membrane has pores which separate the constituents of a
solution on the basis of molecul ar shape and size.

The macromolecules such

as proteins, are held back by the membrane while smaller molecules, such as
sugars, pass through.

Ultrafiltration is a separation process rather than a

concentration process, but it concentrates the retained macromolecules at
the same time.

The solutions of macromolecules have very small osmotic pressures and the
porous ultrafiltration membranes have very much higher water penneabilities
than

the

non-porous

RD

(reverse osmosi s)

Th i s means that

membranes.

pressure required for reasonable flow rates through the membranes are lower,
and normal operating pressures are between 0.2 and 0.6 MP

a

but up to 1.0 MP

a

in sorne applications (10).

Ultrafiltration offers an alternative way of treating cheese whey.

Instead

of turning the whey into whey powder by concentrating and spray drying, it
can be split into a much more valuable protein concentrate and a lactose
stream.

The process can be designed and operated in different ways to give

concentrates, which are then spray dried,
powder.

having 35-75 % protein in the

The 35 % powder i s a substitute for skim mi lk powder and the 75 %

powder can be used in place of egg white in baking.

The cost of producing

the powder i s between (3 285 $ can - 4 380 $ can) per ton (10) which i s
considerably less than the cost of egg white ($ 1l.46/kg).

The process is
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can be split into a much more valuable protein concentrate and a lactose
stream.
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considerably less than the cost of egg white ($ 1l.46/kg).

The process is
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carried out at 50 to 55°C so the whey protein is not denatured and retains
its functiona1 properties.

In the ultrafiltration of whey or mi1k for the recovery of proteins considerable quantities of permeate (with 4-4.5 % lactose and 0.7 % ash) are
produced.

The permeate poses a serious disposa1 prob1em due to its high BOO

and low market value.

BOO 1eve1s are typically in the range of 30,000 to

40,000 ppm, and are due, in the most part, to the lactose in the permeate.

Studies on the whey solids hyperfi1tration has been conducted in a sma11
specia1ty cheese producing plant in the province of Quebec (La fromagerie
dl Oka) (100).

Hyperfi 1 trati on be10ngs to the membrane process family.

It

differs from ultrafiltration in that the membrane pore size characteristics
are such that on1y mo1ecu1es with a mo1ecu1ar weight 1ess than 500 pass
through the membrane.

As well, the app1 i ed drivi ng force i s up to 8 times

greater than for u1 trafil trati on.

The 1 arge mol ecu1 ar wei ght protei ns and

caseins are retained in the concentrate whereas the permeate contains water,
mi nera1 s,lactose and proteose-peptone fracti ons.

MYperfil trati on systems

are commerci a11y avail ab1 e in two standard sizes, one whi ch can operate
under pressure up to 8,000 kPa, the other up to 5,000 kPa.

The design is

the same.

In the process of hyperfi1tration studied at La Fromagerie d'Oka (100), raw
whey i s taken from the cheese vats and i s concentrated to 24 % sol i ds
concentration from 6 % solids in whey.
for the two options considered:

1)

Economic ana1ysis of this process

to treat the total process effluent
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(including the whey) using activated sludge technology; 2) concentrating the
whey usi ng hyperfil trati on, givi ng concentrate away free of charge and
treating the penneate and washwater again using activated sludge are very
favourable (100) and cost data are summarised in the Table 6.

This cost

analysi s shows that, the cost of compl ete treatment (opti on one) woul d
amount to approximately 168 cents per kg of solids.

tlYperfiltration and

treatment of the perrneate and washwater (option two) were estimated to cost
60 cents per kg solids.

This was made up of 46 cents per kg for hyperfil-

trati on and 14 cents per kg for activated sl udge treatlnent.

Th e net effect

i s that a savi ng of 108 cents per kg whey sol i ds coul d be achieved.

Appl i-

cation of alternative technologies must be evaluated on a case by case
basis.

The period of payback (the tirne required to repay the original

i nvestment from cost savi ngs generated by thi s capi tal equi JlTIent) for La
Fromagerie d'Oka has been calculated ta be 14 months (100).

One of the assumptions in this calculations was that the concentrated whey
i s given away free of charge.

Undoubtedl y, revenues generated from the sal e

of whey concentrte or when its value as a feed-stock or other edible product
manufacture is credited will result in an even shorter payback.

The following conclusions thus can be drawn:

- Dependi ng on local ci rcums tances concerni ng whey di scharge, whey concentration dnd recovery can result economies to a cheese manufacturers.

Table 6
Potential cost impact of whey recovery / Treatment alternatives (Hyperfiltration / Activated sludge) (100)
Estimated cost 1983

Pop.
equiv.
(p.e.)

Not recovery

Dollars/capita
o &M capital

14,200

9.95

224

450

12.75

569

Annual

Total
capital

141,300

3,180,000

936,300

168

----

168

160,000

75,000

14

46

60

o &M

Total
doll ars
annual

Treatment
doll ars
(4/kg
sol i ds)

Hyper
filtration
cost (4/kg
solids)

M
N

Recovery

10,000a

a:

Considered to be a minimum 0 &M (operating and maintenance) cost

b:

10 % depreciation on capital, 15 % interest rate

Minimum
total
cost
(4/kg
solids)
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- Hyperfiltration/ultrafiltration as a solids concentration technology for
sweet whey shoul d be considered in any economic evaluation of pollution
abatement/by-product recovery schemes for cheese producers.

Th i s appl i es

specifically to those cheese producers who are considering a change in their
current whey hdndling procedure and should be of particular interest to the
small

(~

11,000 kg/day) cheese producer.

- The site specifie of any cheese manufacturing operation, as well as the
many variables involved in whey recovery, whey treatment and/or disposal of
process

t~Hl

uents, do not permi t one to make specifie cost statements on an

industry wide basis.

Each cheese manufacturing operation must be evaluated

on its own merits.

7.2) Concentration of whey by reverse osmosi;

Reverse OSi11OSis is used as a cheaper alternative to evaporation for removing
water from, and so concentrati ng, di lute effl uents and/or effl uents from
ultrafiltration unit before further processing (18).

The applied pressure

is usually 4 MPa but can be as high as 8 MPa (10).

The process is very

simple.

A pump is used to raise the pressure of the solution to around 4Mpa

and make i t flow over the membranes.

Wa ter passes through the membrane to

become the permeate stream, which is at atmospheric pressure, leaving behind
a concentrate stream which flows out through a valve to control the pressure.

The main commercial uses in recovering materials from effluents are

in processing cheese whey and the effluent from the processiog of potatoes
for starch production.

The pumping energy i s the only energy used and
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amounts to 1.1 KWh per m3 of feed (la).

This is not more than is used in

plJ11pi ng in an evaporator system and un1 ike Ra, evaporati on requi res a
consi derab1 e further amount of energy in the form of steam.

It i s thi s

considerab1y lower energy consl.l11ption of Ra that has given the process a
great impetus.

Due to the 1arge energy conslJ11pti on in 1974 there was no market for concentrat i ng cheese whey by reverse osmosi s.

In 1975, 33 % of the wa ter remova1

from whey to increase the lactose concentration from 6 to 9 % before evaporation was possible.

Between then and 1978 most of the pl ants around the

wor1d insta11ed 50 % water remova1 and increased the solids concentration to
12 %.

~nce

then plants have covered a range of final concentrations from

12 % to 24 % and ev en 28 % is now possible (10).

This is 1ike1y to be the

1 imi t for cheese whey becau se of 1 actose crysta11 i zati on and because the
osmotic pressure of a 28 % whey solution is 4 MPa.

De Boer and Hiddink

reviewed the 1iterature on processing of dairy liquids by membranes (11).

According to Pepper (10) the cost of rep1acing the concentration of whey in
two effect evaporators rep1aced by Ra are compared in Table 7 and conc1uded
that savings paid for the Ra plant in 1ess than a year.

Preconcentration of the penneate prior to fermentation i s one of the critical design parameters.

For example, Figure 2 shows the cost of distilling

broths which have different ethano1 concentrations.

If straight permeate at

4.5 % 1actose were fermented, a 2 % ethano1 broth wou1 d be produced which

would cost

40~

(US}/ga1 (114: /1) to distille

On the other hand if permeate
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Table 7
Annual costs of removing 9000 liters of water per hour from cheese whey by
reverse osmosis, compared with a two effect evaporator.

Original Evaporator

$ can

Steam (2.19 $ can/5 tons)

378,870 $

Caustic and acid

5,475

Labour

20,367

El ectri ci ty

11,388
416,100

Current RO plant

$ can

Steam (whey reheat + C1pa heat

52,560

CIP detergents

20,805

Labour

20,367

El ectri ci ty

15,330

Membranes (1 year life)

32,850
141,912

Annual Saving

aCIP = cleaning in place

274,100 $

1

1

80

~_.----'

Steam at

/J5 /MM8fl;

1

1

c

1

0
0
0'1

,

60
l-

~

r-....
N

(/)

40 r---

1-

(/)

Straight permeate: 45% lactose yields
2.0% ethanol
:
16.0
% lactose yields
Cone. permeate
7.0% ethanol 1
1
1

0

u
2

20

<l:
1-

lJ.J
(/)

1

0

1

3

5

WEIGHT

1

7
010

Q)
~

en
'r-

u..

9

ETHANOL

N

:::1

1

Distillation costs

1

1

Il

13

1
1
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is preconcentrated to 16 % lactose and fermented, about a 7 % (W/W) ethanol
broth results, which only costs
reductian in steam cost.

10~

(US)/gal ($ 2.65/1) to distill, a 4-fold

It i s advantageous to preconcentrate the permeate

prior to distillation by some means more energy efficient than the still.
If reverse osmosis equipnent is used, it will require about 23 Btu/lb of
wa ter to be removed as compared to 200 ,... 300 Btu/l b requi red i n, say, a
mul ti-effect

evaporator

(18).

Thus,

using

reverse

osmosis

prior

to

fermentation allows the process to produce a much higher ethanol concentration in the fennentation broth at low i ncremental cost thereby dramatically reducing the operating cost per unit volume of ethanol.

Another

advantage of preconcentration is that the hydraulic load is reduced by as
much as 65 % thus reduc i ng the si ze and cost of broth fermentati on and
distillation equipnent.

Similar analysis can be applied to the products

which requires high concentration in the final

broth due to economical

recovery.

7.3) Lactase and lactose

hydrolys~

The problem of lactose in milk and whey has been very well described in the
literature.

Technologically lactose is easily crystallized and this sets

limits ta certain processes in the dairy industry.

Cheese manufactured from

hydrolyzed milk ripens more quickly than that made from normal milk (78,
79).

The hydrolysed 1 actose in whey permeate can be a better substrate for

further processing.
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Lactase

(~-D-galactosidase,

EC 3.2.1.23) can be used to reduce the lactose

content of mil k by-products (whey).

Th i s i ncreases thei r potenti al uses by

eliminating the problems of low solubility and sweetness of the disaccharide
(70,

71).

Furthermore, this trea1ment makes Inilk available to a 1 arge

nl.l11ber of adul ts and chi 1dren i ntol erant to 1 actose fermenti ng yeasts are
considered an excellent group for this purpose (72-76).

Extraction of

intracellular enzyme (up to 4.4 units per milligramme of cells) has been
achieved by treating washed yeast cells with 2 % (V/V) chloroform in 0.1 m
potassil.l11 phosphate buffer containing 0.5 mm Mg S04 and 0.1 mm Mn C12, pH
6.6 or higher, for 10 hours at 30 to 37°C (72).

This extraction procedure,

al though simpl e, does not seem to extract all the enzyme from the ce" s.
Other solvent treatments, including ethanol, have been reported (77) which
rnay improve the yields of lactose.

Lactase preparati ons from

~

niger,

~

.oryzae and from saccharomyces sp

(l acti s or fragil i s) are consi dered safe because those sources have al ready
a history of safe use and have been subjected to ntJ.nerous tests (91).

E.

Coli lactase, although the species most investigated, is not used in food
processing because of its cost and the fact that it gives toxicity problems
with crude extracts of col itorms (92).

Fungal 1 actases are used for acid

whey hydrolysis while yeast and baterial lactases are suitable for mi1k (pH
6.6) and sweet whey (pH 6.1) hydrolysis (93).

Product inhibition (namely

inhibition by galactose) is the property which also depends on the source of
lactose (94).

Methods of hydrolysis by free and immobilized enzyme are

recently reviewed (94).
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Acid hydrolysis can not be applied to protein containing substrates due to
protein denaturation.

It i s an attractive method for deproteinized or

UF-ul trafil trated whey, because i t i s presently l ess expensive than the
enzyma ti c methods.

Immobil ized enzyme systems

have the possibil ity of

continuous processing and the reusability of enzyme which leads to lower
costs, a very essential factor in case of whey.

However, there are no

systems (up to now) commercidlly available which can be used in non-sterile
milk and whey (94).

Lactases have been used in the processing of dairy wastes (63-67).
are

two

commercially

(Winchester,
Whales, U.K.].
4).

plants

Kentudky)

and

using

immobilized

specialist

Oairy

lactase:

Ingredients,

There

Nutrisearch
SOI

[Maelor,

Both processes use whey as the raw material (Figures 3 and

The key step in both processes is the enzymatic hydrolysis of lactose

to glucose and galactose.

~th

commercial processes use the corning immobi-

li zed lactase technology for thi s purpose.

The immobilized lactase system developed at corning has been described in
the li terature (63-68).

Lactase i s derived from Aspergill us niger.

The

enzyme is covalently bound to a controlled-pore silica carrier using the
silane gluteraldehyde technique of Weetall and Havewala (69).

The perfor-

mance of the immobil ized lactase at commerci al scal e has been good.

The

same column has been in place since the SOI plants began operation in May,
1985.

This plant operates 16-20 hours/day at 360 liters/hour and achieves

80 % hydrolysis of lactose (63).

While the system is cleaned by standard
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Figure 3
Nutri-search* Process

ACIO WHEYI
UL TRAF IL TRATI ON

PROTEIN

LACTOSE STREAM

l

IMMOBILIZEO LACTASE

1

HYOROLYSATE
GLUCOSE + GALACTOSE

1

l

FERMENTATION (S. cerevesiae)

BAKER'S YEAST

* Joint venture between corning glass works and Kroger Company
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Fi gure 4
Specialist Dairy Ingredients* Process

SWEET WHEYl
,

Acidification

tlo-----I>

Fats, Fines

LACTOSE STREAM 1

J,1

Immobilized Lactase

HYDROLYSATEI

1
l

Demi nera 1i zati on
Evaporation

r=HYDROLYZED WHOLE WHEY 1

* Joint venture between corning glass works and milk marketing board
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dairy cleaness, the lactase bed is fluidized every day for 30 minutes with
dilute acetic acid.

The applexion company, France (128) have proposed utilization of ion exchange resins to:

- demineralization of whey UF permeate and lactose juice
- hydrolysis of lactose
- decolorization of lactose juice

With an applexion plant, it is claimed that all possible means of upgrading
whey can be carri ed out.

Important number of di fferent products can be

manufactured, whi ch i s parti cul arly attractive due to the fl uc tuati ons of
the whey market.

The following products can be manufactured:

- partially danineralized whey powder, by danineralization of whey
until the required value is reached.
- completely danineralised whey powder by a complete demineralization
on ion exchange resins.
- completely danineralized protein concentrate.
compl etely demi neral i zed lactose, obtai ned, as i s previ ous product,
by UF and complete demineralization.
- decolorized lactose, without demineralization, by ultrafiltration and
decolorization of lactose as adsorbent resin.
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- comp1ete1y deminera1ized and deco10rized lactose.
-

hydro1ysed lactose:

comp1ete1y deminera1ised glucose galactose

syrup, obtained by a combination of UF, deminera1ization and hydro1ysis of
1 actose.
- hydro1ysed and deco10rized lactose, obtained by a combination of UF,
demineralization and hydro1ysis of lactose.
- hydro1ysed and deco10rized lactose, obtained by a combination of UF
deminera1ization,

hydro1ysis and deco1orization of invert sugar.

This

product is the one which requires the most complete installation.

The two main components of whey, protei n and 1 actose, can be obtai ned by
using ultrafiltration and deminera1ization.

It is proposed that the sugar

can be sold as lactose or better, still, as glucose and galactose syrup,
after hydro1ysis.

The latter product is more important because of its

higher price and the low cost of hydro1ysis.

The glucose galactose syrup i s

a 1 iquid syrup which can be deco10rized and can have a very high purity.
The economi c eva1 uati on of thi s process showed that the capi tal cost ; s
rel ative1y sma 11, the producti on cost i s co rnparative1y low and the process
has been advocated as to be free of any technica1 difficulties (128).

7.4) Lactose hydro1ysed products and their uses

- An attractive way of utilizing whey is to hydrolyse its lactose to a sweet
syrup consi sti ng of gl ucose and gal actose.

Compared wi th the sweetness of

sucrose (taken as basis with a relative value 100) this syrup has a value of
about 70, whi1e lactose is considerab1y 1ess sweet with a value of 40 (80).
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- The sweet syrup prepared from whey by lactose hydrolysis can be used as a
source of sugar and, in some cases, of protei n in bakery products, in confectionery, in soft fruit drinks, in ice cream, in feedstuffs for cattle
instead of molasses, in dairy desserts or as basis for further fermentation
to alcohol (78, 81, il2, 83, 84, 85).

-

Various

degrees

of concentration

products can be utilized.

and mixing

proportions with other

A concentrated syrup with 80 % total solids was

prepared from cottage cheese whey (86) through deprotenization, hydrolysis,
decolorization and concentration.

The syrup had a pleasantly sweet flavour,

was light yellow in colour and had an apparent viscosity of 2,050 CP.

It

gave to the vanilla ice cream a quality comparable to that given by maize
syrup.

- Hydrolysed demineralized lactose syrup was produced by Valio Process in
Finland (87).

It contained glucose:

and protein plus salts:

10 %.

10 %; galactose:

20 %; lactose:

It was used at 12.3 % in an

10 %

ice cream mix

in order to substitue a part of normal sucrose and milk with no detrimental
consequences to its quality various mix formulations have been tested during
i ce cream manufacture.

Th e optimum formul a was 11 % fat, 10 % mil k (80 %

hydrolysed), 16 % sugars (a part of sucrose has been repl aced by corn syrup
sweetnes s) •

- An orange fl avour beverage prepared from hyd rolysed and deprotei ni zed
cheese Villey is recommended as a shelf-stable drink for athlets (80).
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- Nutrisearch Company, Kentucky, USA uses the product of whey hydrolysis to
grow baker's yeart (88).

- The whey hydrolysis step can be followed by alcoholic fennentation by
saccharomyces cerevesiae.
l~ctose

Alternatively hydrolysis by co-immobilization of

and s. cerevesiae cells (89, 90).

7.5) Production of L-Ascorbic Acid (Vitamin C) from wheY
m=
One of the options of the utili zation of cheese whey penneate i s the conversion to Vitamin C.

Commercial production of vitamin C presently is from

D-glucose via the "Reichstein Synthesis" (7), however pl ants and yeasts are
also capable of syntilesizing L-ascorbic acid from galactose (8).

This

provi ded the impetus to investi gate the route of conversi on of whey i nto
vitamin-C and has been recently studied by Cayle et al. (9).

The final step in biological synthesis is the oxidation of L-galactono1,4 - lactone to L-ascorbic acid.

In higher plants this is catalyzed by

galactonolactone dehydrogenase which requires cytochrome C as the electron
acceptor.

However, yeast employ L-galactonolactone oxidase, and enzyme

which uses oxygen as the electron acceptor.

Gayl e et al. (9) evaluated a

yeast bioconversion as the final step in a commercially feasible synthesis
of L-ascorbic acid from whey.
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The following steps are involved in the total synthesis employed, for the
most part using conventional catal ysi s to produce the 1 actone from whey
(Fi gure 5).

1) Whey is ultrafiltered and both WPC and permeate are recovered.
2) Permeate i s continuously hydrolyzed vi a an immobil ized lactase reactor
(Damrace Hydrolysi s System, Damrow Co., Madi son, WI).
3) The D-glucose/D-galactose stream is fed to a continuous fermenter containing a mutant, flocculating strain of

~

cerevesiae, where the glucose

is converted to ethanol.
4) The beer is continuously withdrawn

and the alcohol

is recovered by

distillation.
5) The galactose is recovered by ion exclusion chromatography (Dowex 1-X8,
bi sul fi te, Dow Chemi cal USA, Functi onal Products and Systems Department
Mi dl and, MI).
6) The dried galactose is oxidized with conventional inorganic catalysts to
D-galacturonic acid.
7) The D-galacturonic acid is reduced with conventional inorganic catalysts
to L-galac;tonic acid.
8) The L-galactonic acid is concentrated to remove water, thereby forming
L-galatono - 1,4 - lactone.
9) The L-galactono - 1,4 - lactone is converted to L-ascorbic acid via a
strain of candida norvegensis, grown on ethanol produced in step 4.
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Figure 5
SHEMATIC FOR PRODUCTION OF ASCORBIC ACID FROM WHEY

WHEY
ULTRAFILTRATION

(1) 1

..,

PERMEATE + WHEY PROTEIN CONCENTRATE (WPC)
(2)

l

HYDROLYSIS

D-GLUCOSE + D-GALACTOSE
(3)

1

FERMENTATION

D-GALACTOSE + ETHANOL
(5)

i

---==T

GALACTOSE RECOVERY
(4)

D-GALACTOSE
(6)

1

OXIDATION

D-GA~ATURONIC

(7)

l

L

L-ASCORBIC ACID

ACID

REDUCTION

L-GALACTONIC ACID
(8)

ETHANOL RECOVERY

CONCENTRATION

L-GALACTONO-l,4-LACTONE

(9)
-)

BIOCONVERSION
VIA
candida norvegensis
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The chemical steps in sythesis of L-ascorbic acid from D-galactose are the
same up to L-galactono - 1,4 - lactone followed by enzynic conversion of
L-galactono - 1,4 - lactone ta L-ascorbic acid.

oxidase
L-galactono - 1,4 - lactone + O2

---~

L-ascorbic acid + H202

Recovery and

Recyc~

The clarified bioconversion mixture is passed through a Duolit S-761 resin
(Diamond Shamroch Ion Exchange Functional Polymers Division, RedNoad City,
CA) column where color and other interfering compounds are removed.
was recovered during

CONCENTRATIOI~.

Alcohol

The pH adjusted ascorbate-lactone

mixture was passed through a Dowex l-X8 column.

The lactone was recovered

wi th a water wash , concentrated and returned to the fermentor where i t i s
used to maintain the lactone level during bioconversion.

The L-ascorbic

acid is recovered from the resin column with 0.05 MHC1, followed by concentrati on dfld crystall izati on from al: 2 mi xture of ethanol:

ethyl acetate

(Fi gure 6).

The conditions of fermentations includes, maintainance of lactone concentration at 1.4 %, starting the ethanol concentration at 1.5 % and allowing
it to fall to 0.5 % at which level it is maintained and includes the spent
yeast from the alcohol recovery at a level of 0.19 % in place of the mineral
mixe
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Figure 6

SCHEME FOR RECOVERY/RECYCLING OF ASCORBATE, LACTONE AND ETHANOL

BEER

l

T

COLOR
l NTERFERING
SUBSTANCES

DUOLITE S-761 RESIN

1
L-ASCORBIC ACID

L-LACTONE
EVAP.
ETHANOL _ _ _ _ _ _ _ _ _

~

ETHANOL
( RECYCLED)

PH TO 6.4 WITH NH 4 0H AND PASSED THROUGH
DOWEX 1-X8 COLUMN

l
L-ASCORBIC ACIO
ON RESIN

l

L-LACTONE (EVAP.)
( RECYCLED)

0.05M HCL

L-ASCORBIC ACID (EVAP. + X STALIZATION)
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The stoichiometry of the bioreaction as obtained by Cayl e et al. (9) is
shown in Table 8.

The bioreaction is substrate driven and requires an excess of lactone.
However, this component can be recycled as can excess 02' and ethanol, with
an overall recovery of 90 % of the l dctone and oxygen and 95 % of the
ethanol.

From a typical pl ant which produces a 11 .3 mill ion kg of cheese per year and
if

the

whey

from

such

a

fac il i ty

is

ul tra fi l tered

ta

recover

WPC,

4.876 million kg of permeate solids would also be generated, with a negative
market val ue.
whey

The procedure described here coul d be used to convert thi s

to 1.17 mi" ion

kg of L-ascorbic acid with a significant do" ar

values.

The amplification of L-gluconolactonolactone oxidase either within the genus
candida or within another genus of microorganisms with faster generatioll
time,

and/or a faster

rate of bioconversion capability, thereby, ev en

further enhancing the value of the process, will be a breakthrough.

7.6) Vitamin B Comple X

Studies on production of vitamin

B12

have been carried out by Marwaha and

Co-Workers (155, 156, 157) usi ng Propionibacteri lJ11 shermani i and PropionibacteriLB11 _arl AKU 1251 in whey permeate medill1l.

One-day-old inoculum, 5 mg

iron per liter and 4 % whey lactose were optimal for vitamin

B12

biosynthe-
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Table 8
Stoichiometry of ascorbate production

Reactant

Product

per liter

Lactone

20 9

Ascorbic acid

Etoh

84 ml

Lactone

02/ Air

408 1/408 l

Etoh
02

7.5 9
12.49 9
5 ml

367 l
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sis in both the strains when fermentation was carried out under
anaerobic conditions at 30°C.

1. ,,:,robic

and

The supplementation of whey medit.m with 0.5 %

(NH4)2 HP04 enhanced the yield; however, the preference for a mixed carbon
source (lactose + D-glucose or lac::tose + D-fructose) at different levels
varied in the strains studied.

P. shennanii was found to be a better strain

than PropionibacterilJ11 arl AKU 1251 for vitamin B12 yield (155).

The yield

of vitamin for P. shennanii was found to be 5.76 mg/lof whey with a fermentati on Ume of 168 hours.

The BOO of the whey was reduced by 90 %.

The

vitamin 812 enriched whey was of use as a feed supplement to replace animal
protei n factor in poul try producti on.

7.7) Ethanol fermentation of whey

permea~

Two methods for fermentation of the lactose in whey have been considered hy
different authors:

- One cons; sts in the tratment of whey wi th lactase to hydrolyze the lactose
before fermentation (25-30).

- The second approach consists of the direct fermentation of whey either
with lactose utilizing yeast or w;th bacteria (12, 14-15, 31-46, 153, 159,
163, 166, 170).

Moul in et al. (12) clain thdt there is no need for any supplementations to
the whey permeate, but the arowth curve they showed represented an uncoupl ing between growth and alcohol production occuring after 20 h of cul tiva-
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tion.

Castillo (13) found that the addition of different so.lt$ and growth

factors has a negative effect on the yield of alcoholic fermentation.

On

the other hand, Burgess and Kelly (14) added 0.1 % yeast extract and 0.05 %
urea to their 15 % lactose permedte 1!1ediLm, while Chen and Zall
determined an optimal need of 0.7 % of yeast
medium.

e~tract

(15)

to their 10 % lactose

Vienne and Stockar (16) found that whey permeate is in short supply

of ni trogen.

It was shown that whey permeate does not permi t maximum growth

and maxÏi.lUl1 yield of the yeast.

Addition of a nitrogen source to permeate

increases biomass yield almost to its maximum value but has no substantial
effect on the growth rate (16).
however,

Addi ti on of 0.1 % of yeast extract,

has an effect on both values, and almost restores the maximum

growth rate of 0.225 h- 1 and maximum biomass yield of 0.0526 observed with
the richly supplemented medium (16).

It was also indicated that while vtiley

permeate sustains growth of yeasts, this medillll has two limitations to
growth.

- The first is stoichiometric one due to a certain shortage of nitrogen
source in the whey permeate and i 5 demonstrated by the i ncrease of b i omass
yh.!H !J'ri'th the ddditon of 0.17 % of (NH 4 )2 S04'

- The second is a kinetic limitation.

This is shown by the increase of

tÎl1~

specifi c growth rate by 44 % upon addi ti on of 0.1 % of yeast extract to the
perHleate.

In this case, the parallel

increase of biomass yield can be

accoun ted for by the ni trogen content of yeas t extract.
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Whi1e it is possible to ferment the lactose in whey permeate cOi 1lp1ete1y to
ethano1 without adding any further nutrients, the fermentation kinetics may
be marked1y improved by formu1 ating a well-ba1anced mediLM which can be done
by adding 0.375 % of yeast extract with a lactose concentration of 4.5 %.
The maximum specifie growth rate in batch cul tures was thus i ncreased from
0.164 to 0.318 h- 1 , whereas the maximum al coho1 productivi ty was improved

from 2.0 to 5.1 g/l/h.

De flY'oteni zed concentrated whey fermentati on of 20.1 % 1 actose was studi ed
vri th -:andida pseudotropica1 i s to yi el d 9.7 % (W/V) ethanol concentrati on at

pH 4.5 and 30°C (47).

Using 13 g.1- 1 inoculum, 8.3 % ethano1 was produced

within 22 hours in concentrated whey containing 17.5 % lactose (47).
tl!l~nber

of studies on direct fermentation of lactose in whey permeate by

immobi1ized cells have also been carried out (161,

Because

A

~h.lCO$i~

~-galactosidase

better substrate for industria1 fermentation.

1:.

Of

,..,.. \

lO')} •

rirld :p1 actose are more universally fermentab1 e sugars than

is lactose, i t is suggested that

fragi1is. and

162~

treated whey wou1d make a

ProduG tion of ethano1 by

cerevesiae using cottage cheese whey was studied.

of 1 actose had been hydrolyzed to glucose and gal actose.
that the fennentdtion

ti.:1'~

!.:..

80-90 %

The resul ts show

'lias increased over that of unhydro1yzed whey

(120 hours vs. 72 hours by J5.:.. fragi1 is at 30°C and an ethano1 yield of 2 %)

because of a diauxic pattern of fennentation (28).

::hlt thf~ authors suggested (28) that even though the hydrolyzed whey requires

a longer fermentation time, it could lend itself to the preparation of
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concentrates wi th rel atively hi gh sol i ds cOl'1tents because of the greater
solubi1 i ty of glucose and gal actose.
yields

than

is usually

Th i

5 il1rly

possible in normal

resul tin hi gher al cohol

whey,

because high-alcohol-

producing yeast strains that are unab1e to ferment lactose can be used for
the fermentati UH.

11'1 a subsequent study (62) i t was found that an ethanol

yield of 6.5 % could be obtained using

~

cerevesiae with a lactase-

hydrolyzed acid whey penneate containing 30-35 % total solids.

The concentrated 1 actose in the whey i s converted to ethanol; sorne of the
lactose is also cc)(llferted to carbondioxide and yeast.

The alcohol concen-

tration from the ferillel'1tation is about 9 % by distillation unit where the
alcohol

i s concentrated.

Yeast i s produced during the fennentation and

though these may be recovered for sale as feed, this is only profitable for
very large pl ants.

The sti 11 bottoms contai n val uabl e mi nera1 s, cdrbohy-

drates and nutrients, and when concentrated are marketab1e as an animal feed
suppl ement.

Al ternatively,

sti 11

bottom contents may be anaerobically

diuested to produce methane gas.

Us i ng secondary treatment, the effl uent BOD from the al coho1 process

w()lll

d

be in the 30 PJl11 range as compared to 30,000 to 40,000 PJl11 for the i nCOtili ng
permeate.

According to studies performed by Si ngh et al. (18) on concentrated whey by
reverse osmosis in a continuous process with ce11
lactose concentration of 16 %, a 9 % ethanol
residence

ti111~

of 12 hours.

recycle with initial

(V/V) was developed in a

Lactose concentration at the end was l ess than
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5 g.l-l.
ble.

Ethanol yield of 90 % of theoretical or 46.2 % overall is possi-

The BOO was reduced by 90 % during the course of ferillentation.

The

l argest amount of water stems from the reverse osmosi s uni t dnd i s water
that permeates through
ultrafiltrate (Figure 7).

the membranes duri ng the concentrati on \) f whey
The water is clear and low in BOO, being typical-

ly 100-200 PJl11 BOO and can be used as washdown or dilution water.
second source of wastewa ter i s

frOl;! th,~

The

s ti 11 bottoms or s ti 11 age treaunent

unit (Figure 8).

A stillage treaullent IJr1it is necessary since stillage directly from the
distillation tower has a high BOO of around 15,000 PJl11.

Evaporation of

stillage bottoms to concentrate the valuable nutrients and minerdls in the
sti 11 age for sal e of animal feed suppl ement i s recommended.

Th i s option i s

economically attractive if a feed blender is located in close proximity to
the ethanol facility.

The second option i s anaerobic digestion of the still age to generate methane
gdS.

This gas can be used to generate steam for the distillation unit and

can produce about a third of the steam required for distillation (18).

Due ta the fact that the ethanol process ralloves IJp to 90 % of the i ncommi ng
BOO and that the reverse osmosis unit reduces the overall hydraul ic load,
the size of the stillage trea'bnent facility can be fairly small.

After

primary treatment uf the stillage by either evaporation or anaerobic digestion,

the BOO load i s reduced to around 500 to 1,000 ppn.

Secondary
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Figure 7:

Ethanol process
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Figure 8:

Ethanol plant wastewater

ULTRA
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treannent may be required to enable discharge to a stream.

Aerobic second-

ary treatment would bring the BOO level down to less than 30 ppm.

A third source of wastewater is due to washdown, spillage and cooling tower
blowdown.

This water varies both in volume and BOO and is hdrldled in the

stillage facility.

l\ pl

drlt

i s runni ng in Denmark for the conti nuous fermentati on of whey to

ethanol for beverages.

The whey i s fi rst concentrated by reverse osmosi s

and then by ultrafiltration.

The yield of alcohol corresponds to approxi-

mately 80 % of the theoretical yield according to Gay-Lussac equation.

Th i s corresponds to the use of approximately 42 l of whey permeate containing 4.4 % of lactose for the production of 1 litre of 100 % alcohol by
using a strain of

!...:. fragil is. The fermentation in such a process has been

suggested to be contimwl.ls in two stage with yeast recycle (42).

Economie

analysi s of thi s process h<'\s shown that i t can compete wi th syntheti c
alcohol produced from ethyl ene (42).

The minimum total residence time

required in the system was 12 hours (42).

Wa-Hol, Inc. halves BOO of whey efflul:!rlt and produces anhydrous ethanol and
food-quality proteins to boot.
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/\ssoci ated Mil k Products (AMP), the 1 argest US dai ry coop., bought excl Llsive
rights (in 1984) to process its waste water from 660,000 lb-milk/day cheese
making plant in Warsaw, Indiana.
1,800 lb ethanol

Anticipated yields:

and 400 lb yeast.

65,000 lb protein,

Company comitted five more plants

(1984-1986) •

Process deproteinizes concentrated whey (30 % solids) with special filters
patented (Biomass Digest, January 1984), able to separate particles as small
as 0.5 Il.

Similar filters have been used in wine production for years, but

never before with milk products.

Process uses a proprietary yeast strain

(Tycor, 1983) to ferment the protein-free permeate and wi th stands to high
osmotic pressure (salt levels to 3 %).
ethanol,

then

standard

zeol i te

Distillation brings mash to 90 %

mùll~Gul

ar

si eves

dehydrated al cohol

to

99.96 % pure ethanol.

Major process advantages are:
- low BOD of whey effluent
- good divestibility of protein product

Deproteinizing whey cuts effluent BOD to 140 PJl11 from over 300 PJl11, making
it safe to spread 644 liters (or 170 gallons) over an acre of farmland.
Fertilizer value:

potassÏLIll, ni

tro~èn

and phosphorus worth $ 80.

Protein

produced cost $ 2.2/kg (or $ l/lb), roughly half that of protein available
today.
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A 7.5 million liters/year (or 2 million gallons/year) ethenol plant using
cheese-factory whey as feedstock started constructing in early 1985 in
Corona, Ca.

The target to se" ethanol from this plant was put at 5.3(: pe r

liter of ethanol (or

20~

per gallon).

The $ 110 million Corona plant was

built by the Express Dairy Group, A London-based foods organization, for
Integrated Protein Technology, A Cal ifornia company,

Il

designed the plant and will operate it under contract.

The group is using

the patented whey-to-ethanol technology of
Products Ltd. of Ba 11 ineen, Irel and.

ct

Express Dairyll,

lllèlaber company, Ca rbery Mi 1k

The Ca rbery whey to-ethanol has been

used for two plants in New Zealand as well as the carbery plant in Ireland
and the California plant.

One plant in New Zealand produces potable ethanol

and another produces anhydrous ethanol for other purposes.

These two pl ants

based on whey as raw material have turned New Zealand from being importer of
industrial alcohol to a net exporter.

The carbery whey-ethanol plant in

Ireland has been operating since 1978 (Source:

Al cohol Week, February 8

1985).

Whey has also been used to produce beverages (145, 148).

Whey containing

35 % protein (dry matter basis was used to produce a chocolate drink
(pH 6.40) (146).

Whey (rennet and acid-whey) with the addition of 5 or 10 %

glucose was inocul dted wi

tll

Z)111omonas mobil is, which i s capable of producing
D

ethanol dnd 1actic acid from glucose and i ncubated at 38 C was fennented
over 72 days to obtain a

ferment(~(1

:)(:lVArage (148).
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Economics of ethanol from whey

Whey as the sole carbohydrate source for ethanol

production has been

investigated and several processes put forth (18, 5, 61, 27).

However these

processes require large quantities of concentrated whey for economic operation which restricts the number of feasible plant sites.

The fermentation

of unconcentrated whey by lactose fermenting yeasts results in low levels of
ethanol which prohibit economic recovery.

Economics of ethanol plants are dependent on capacity, cost of feed stock,
site features and local price of ethanol.

In all the costs presented (18),

the alcohol plant is defined as starting after the ultrafiltration step down
through to secondary waste treatment.

Costs of the ultrafilter and profits therefore are not accounted for in the
analysis.

Thus, all costs of producing the ethanol from the waste permeate

are included, such as: preconcentration, fermentation, distillation, storage
and waste treatment.

Whey alcohol plant as sho..m in Figure 9 as a function of annual ethanol
production capacity.

Capital costs vary from $ 2.00 (US) to over $ 5.00
(US) gallon- 1.year- 1 (or $ 0.73 (US) to $1.82 (US) l-1.year- 1) installed

capacity.

The lower curve is the estimate of a site specific cost which

assumes that the ethanol facility is associated with an existing cheese or
whey processing plant and that certain buildings, equipment, manpower and
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Figure 9
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faci1ities are shared with the ethano1 plant.

The upper curve represents

the capital cost if a stand a10ne faci1ity were constructed.

Operating
Fi gure 10.

cost

number

for

the

various

size

faci1ities

are

shown

Th ese estima tes take i nto accoun t operati ng 1 abour,

chemica1s and feedstock hau1ing costs.

in

power,

Operating costs range from $ 0.80 -

$ 1.18 (US) ga1- 1 (or 21~ - 31.254: 1_1) ethanol for the 0.5 million gallons

per year ethanol faci1 ities to $ 0.72 - $ 0.75 gal- 1 ethano1 for the 5
million gallons (or 19 mi"i,)n liters) per year plants.

It should be noted

that these figures do not inc1ude cost of capital or depreciation.

When leveraged, the ethano1 facilitle:.; :an require cash outlay of 1ess than
$ 1,000,000 and can return that cdsh in 18 months of operation.

Discounted

interna1 rates of return to the equity holder in excess of 40 % are easily

obtained.

To be economically viable, the facility must produce, typically, at le,ut
0.5 million gallons (or 1.89 million 1) of ethanol per year.

The quantity

of whey required to meet this capacity plant will be 80 million 1iters per
year.

Protein

---

The mi crobes most commonly Ilsed by man in foods and feeds are Fungi:
yeasts, mou1ds and marofungi.

For centuries they have been used for food

processing and for protei n enri chment.

l'<t> re recently a yeast i ndustry has
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Fi gure 10
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developed who markets whole yeast and yeast products as food additives or
animal

feed components.

Selection of strains is based on a nunber of

criteria related to the processing requirements and properties needed in the
product (rabl e 9).
characters provided

Mutant sel ecti on can be used to improve sorne of the
d

selection method is practicable (52-54).

The protein content of yeasts and moul ds i s however, lower than bacteria
used for SCP produc ti on.

Crude protei n content of 40 '" 60 % are commonly

recorded, about two thirds of that being a:-amino nitrogen.

SCP (single

cell protein) is generally inferior to the protein in eggs, fish and milk.
But is considered to be an alternative to soyabean meal protein, although
sorne bacterial products with 75-80 % crude protein contents may replace
fishme'll.

Nucl eic aci d contents are usually in the range of 5-15 %, higher 1 evel s
being found in the bacteria than in yeast and moulds.

In most processes no

attempt ;s made to remove them.

hl additional feature of SCP is the presence of high content of the B group

vitamins.

As a result a major market for yeasts has been its use as an

additive to boost"i tami n contents of di ets rather than as bul k protei n
source.

As such therefore they have been i ncorporated i nto rati ons in low

concentrations.

Kl uyveromyces fragil ;s has been considered to be suitable as food yeast and
[1«'.)

been grown in whey with reported satisfactory yields (47-48).

Optimal
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Table 9
Sorne importants properties of fungi used for SCP

Candida

Fusarium

Fusarium

utilis

graminareum

moniliforme

0.5

0.28

-1

Maximum growth rate (h
Temperature optimum ( OC)
Morphology
N x 6.25

)

30
unicells
50

30
short hyphae
54

0.31
35
short hyphae
47

Lysine g/16 N

6.7

7.2

7.0

Methionine g/16gN

1.2

6.3

1.6

Cystine + Cysteine

0.9

4.1

1.4

Toxi ci ty in rats
Reference

none
(55)

none
(56)

none
(57)
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conditions for maximum growth of this organism in deproteinized whey included supplementations with 0.3 % yeast extract and 0.6 % (NH 4 )2 S04' a
temperature 40°C and initial pH 5.0 (49-51).

Under these conditions, yields

of 0.4 gm/gm of lactose util i zed \,oJere obtai ned in seven hours and the yeast
biolnass contained 50 % prote;n, 9.5 % nucleic acids, 42 % carbohydrates and
1.1 % phosphorus (49).

Many other studies have been carried out on produc-

tion of single cell protein from cheese whey for uses as animal feed or
hLlllan food suppl ements (1, 3, 4, 5).

Al though the process has proven to be

technically feasible, it is still far from being economical.

Kl uyveromyces l acti s,

~

fragil i s, candida pseudotropical i sand Torul opsi s

candida grown in salted whey and in water diluted salted whey were analyzed
for macromol ecul e components of ce" materi al.

Oïl ution of whey a ffected

the chemical composition of the yeasts, especially the crude protein and
total nucleic acid contents.

The data were used to evaluate the suitabil ity

of the yeasts as a source of single cell protein (132).

By using concen-

trated whey penneate as substrate, food grade yeast (Kl uyveromyces fragil is)
was grown continuously in the fermentor to very high cell densities (total
broth dry weight

;>

140 g/l) (133).

Cell mass yield remained about constant

at pH 3.9 - 5.1, 31-3rC with 6-30 % whey permeate solids in the feed (133),
unl ike to Sh ay et al. (132).
mass yield.

Di l uti on rate had li ttl e effect on the cell

The high cell density fermentation broth was directly dried

wi thout centrifugati on and wa shi ng.

Ani no

d'v'i

d ;)i"ofil e, vi tami n content and

fatty aci d composi ti on i ndi cated a qual ity protei n product sui table for food
or feed suppl ementati on.
JY'1

~I y~},lsts

As h cùnté:!nt· r trle product was hi gher than other

because of the high loi

ner>j.l;;:)rlt1~nt

in the whey penneate.

Ash
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c:)ntr~r1t

cou1 d be reduced by the addi ti on of a sma 11 porti on of another

i nexpensive fermentab1 e sugar to whey permeate feed.
ce"

11a 55

Bec~usl~

Wi th thi s addi ti on,

yi (~1 d, productivi ty and prote; Tl content of the product i ncreased.

this high cell density, direct-dry process did not require precon-

centrdtion of the fermentor broth to dry the product economically, it did
not

gener'~. tf~

a waste stream that requi red further trea1l11ent (133).

A number

of other studies for the production of single ce11 protein using different
strains have a1so been carried out (144).

7.10) Organic acid s

a) G1uconic acid

Production of gluconic acid by G1 uconobacter oxydans from cheese whey has
been studied by Vanhuynh et al. (103).

The whey was hydro1yzed continuous1y

by a1ginate-entrapped K1uyveromyces bu1garicus ce11s and more than 80 % of
1 actose was converted i nto glucose and gal actose.

G1 ucose was oxi dized to

gluconic acid at much faster rate than that of gal actose.

In order to

oxi di ze gal actose comp1 ete1y, i t was necessary to reinocu1 ate the medi um
with ga1actose-adapted .Q.:. oxydans ce11s.

The main product obtained under

the experimenta1 conditions was gluconic acid.

b) Lactic acid

The 1 actic acid fermentation of non concentrated whey permeate by thermophi1ic 1actic acid bacteria has been studied by J. Goulet (Université Laval) at
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controlled temperature of 40-45°C in batch as well as in continuous culture
(Figure 11).
ammoni a.

The pH

The

was controlled at constant level

permeate was

fortified

with

nitrogen

protein, eaux de trempage de maïs, yeast extract).

by addition of

source

(vegetable

The lactic acid fermen-

tation has also been studied in immobilized ce" system (104-105, 154) and
membrane reactor (152).

~

bul gari s,

~

casei, L. fermenti i and

~

pl antarum were screened on paneer

whey for their ability to produce lactic acid (131).
was efficient with 10 % inoculum of

~

The acid production

bulgaricus, 4.5 % whey lactose, pH

5.5 and a fermentation period of 24 h at 30°C.

Addition of peptide and
Re pl acement of

mustard oilseed cake to whey improved acid production.

lactose by glucose supported better conversion of lactose to lactic acid.
FeC1

3

(5 ppm)

increased acid fermentation.

i nduced by glutami c aci d.

Lactic acid production was

A fermentati on apparatus for the conti tuous

production of lactic acid from whey has been described by Prigent (169).
The apparatus contains a fermentor equipped with a mechanical stirrer, a
source of NH 3 or soda coupl ed to a pH regul ator, as well as a means for
conti nuous deli very

of whey and suppl ements to the fermentor.

A pump

inserted between the fermentor and an ultrafiltration apparatus allows for
recycling the liquor as well

processing filtrate by electrodialysis for

lactate recovery.

The apparatus also allows efficient separation of lactose

from lactic acid.

Empirical exponential equations correlating the volume of

NH,+OH solut; on, added in order to control the medi um pH, wi th number of base
additions

during

a

batch

Borzaniand Baralle (172).

lactic

acid

fermentations

are

described

by
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Figure 11:

Bioconversion of whey permeate to lactic acid

WHEY PERMEATEl

1
LACTIC ACID FERMENTATION

l

l
ru.F.""l----~1
1 V"i" 1
PERMEATE

LACTIC ACID-I

BACTERIA

l

L
FERMENTATION BAKER 1 S YEAST

l

l
ILOW BOO EFFLUENT'

~

U. F. OR CENTRIFUGATION

~

BAKER 1 S YEAST ,

- 63 -

c) Acetic and propionic acid

The annua1 demand for propionic and acetic acids is approximate1y 1.3 billion kgs (118).

Acetic acid is used extensive1y in the manufacture of

cellulose acetates, viny1acetate, acetic esters, etc.
used in a variety of industria1 processes.
important thennop1 asti c,

Propionic acid is

Cellulose propionate is an

and esters of propi oni c aci d are used in the

perfume industry.

Acetic acid and propionic acids may be produced bio10gica11y by the fermentation of sugars using a species of PropionibactirilJl1 (119).
terilJl1

acidi-propionici,

a

specie

of

PropionibacterilJl1,

Propionibacproduces

high

concentrations of propionic and acetic acids at pH values of 4.1-4.9 (a
natura1

pH of acid whey) by uti1izing sugars.

Approximate1y 2 moles of

propionic acid and 1 mole of acetic acid is produced per 1.5 mole of glucose
or

galactose

(in whey)

uti1ized.

One mole of carbondioxide

is a1so

produced.

Fermented whey containing a high concentration of propionic acid is manufactured by 2-step fermentation, first with 1actic acid-producing and second
with propionic acid producing bacteria.

The product is used for preserving

bakery products, where propionic acid in the fermented whey acts as a
mycostatic agent (147).
pasteurized,

In thi s process fresh whey (6.5 % sol i ds) was

inocu1ated with Lactobaci11us bu1garicus and Streptococcus

thennophi1 us for 1 actose fermentation (pH 4.3 - 6.0).

For propionic acid,

whey is adjusted to pH 7.0, steri1ized and inocu1ated with PropionibacterilJl1
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shennanii.

The final yield of propionic acid was 1.6 % (by weight) (147).

Mixed culture studies for the production of propionic acid to preserve the
bakery products have also been carried by Bodie et al.
stages.

(164)

in three

P. shennanii and L. casei grown together through 3 stages in the

draw and fill mode produced .... 4.5 % propionic acid in 70 h and all the
lactose was consumed.

Whey

fermented

with

Propioni-bacterium

acidi-propionici

resulted

in

a

product containing more propionic acid and consequently, greater mycostatic
activity,

than

that produced conventionally

using

i.:..

shennanii

(173).

25,000 gallons of sweet whey containing 7 % solids and 0.5 % yeast extract
was sterilised and inoculated with 2,500 gallons solution of P.

acidi-

propionici and incubated for 66 h at 35° and pH 7.0 (maintained by periodic
addition of NaOH). The fennented whey product containing 0.96 % propionic
aci d and 0.2 % aceti c aci d (compared wi th 0.8 and 0.3 %, respectively for
conventially prepared whey) was then spray-dried and packaged for use as a
mycostatic agent in the manufacture of pastry, bread and other bakery
products (173).

Propionibacterium

acidi-propionici

is

a

slow

growing

organism

during

fennentati on, requi ri ng fennentati on times of 12 to 14 days for a 56 %
conversi on (120,

121).

conversion of only 30 %.

A batch fermentati on of 8 days resul ted in a
In mixed culture time required is about 3 days.

Co nsequently a very 1 arge reactor i s requi red for the 1 arge- scal e producti on
of organic acids by fennentation.
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Immobilized whole cell systems for fermentation processes, recently developed, have the benefits of a high productivity wi th reduced substrate and
product inhibition (which is the case for organic solvents and organic
acids).

Recent work by Tyagi and co-workers on ethanol

production in

immobilized cell reactor has shown productivities 15 times the values found
in a conti nuous stri rred tank reactor (122-123).

Th erefore usi ng same

immobilized cell reactor for the production of organic acids and sol vents
anticipated time will be reduced consequently the size of bioreactor and
hence the cost of overall process usi ng cheese whey as substrate.
example, in continuous fermentation,

Fo r

a 90 % conversion of glucose were

achieved in the continuous strirred tank reactor (CSTR) for a 72 hours
retention time and a 30 g/l total sugar concentration.

The fermentation in

the CSTR was shown to be about four times faster than that in a batch
reactor.

Whereas, a 90 % conversion of gl ucose were found at 28 hours

retenti on time in immobil ized cell reactor (lCR).

Al so, about 67 % sugar

can be converted in organic acids in this reactor, yielding a more than
20 g/l or organic acids in the ICR (127).

For further reduction of time and

hence bioreactor size systematic studies should be carried out on whey using
immobilized system like investigated by Tyagi
production of organic acids and alcohol
(acetone,
systems.

butanol,

etc.)

and

should

be

and others not only for

but also
compared

for organic sol vents
with

other

existing
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d) Amino acids

Whey has also been used as a carbon source for microbial synthesis of amino
acids (174).

Only few studies appear in the literature.

This area requires

further research for the economical production of essential amino acids.

7.11 Land application of cheese wheY

Because of its environmental pollution potential cheese whey could be used
as a valuable fertilizer and applied to the land with minimum or no damage
to the environment.

The nitrogen in cheese whey is water soluble is subject to leaching.

Thus,

maximum whey loading rates to the land should be based on nitrogen loading
that:
a) wi 11 be most effectively used by crops
b) will cause no damage to crops
c) will

not result in excessive nitrogen concentrations in ground

water.

However, more i nformati on i s needed on the envi ronmental impact of large
quantities of whey being applied onto the soil.

The whey nitrogen transfor-

mation and transport in three Nova Scotia soils receiving high whey application rate and the efficiency of soil adsorption mechanism has been examined
by Ghaly and Singh (6).
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The whey application was tested in co1umns of different height fi11ed with
soi1.

Application of whey was made based on assumptions that:
a) the nitrogen requirement for corn crop i s 280 kg-N/ha
b) on1y one half of the organic nitrogen wou1d be avai1ab1e for the
crop.

The total nitrogen in the cheese whey was 1,820 mg/1; most of it (96.99 %)
was in the organic form.

Therefore one liter of whey was the amount required for each co1umn.

The average month1y rainfa11 for period May-September was 98.5 mm.
equiva1ent to 3.1 1iters of water per co1umn.

This is

The total rainfa11 accumula-

tion for the five months period (15.5 1iters) was app1ied into each co1umn
at a rate of 3.1 1iters every 8 days starting on day 0 (i .e. 3.1 1 on each
days 0, 8, 16, 24 and 32).

Leachates were coll ected every 4 days and

ana1yzed for nitrogenous compounds.

The organic nitrogen concentration in the whey was 1,765 mg/l.

Only concen-

trations of 0.6 to 1.4 mg/lof organic nitrogen were found in the leachate
samp1es.

Most of the organic nitrogen in the cheesewhey (99.9 %) was

retained by the soi1 and will therefore be made avai1ab1e to the plant after
conversion to ammonilJ11.

The resu1 ts a1so showed that soil type and soil

depth did not have any significant effect on the soil removal efficiency of
organic nitrogen.

The nitrite nitrogen concentration was reduced from
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2 mg/l to 0.01 to 0.08 mg/le

80th soil type and soil depth did not have any

significant effect on the nitrite nitrogen concentration in leachates.

The concentration of nitrate was reduced from 28 mg/l to 4.9 - 7.5 mg/le
Both the soil depth and soil type affected the concentration of nitrate
ni trogen in the 1 eachates.

Al though the concentrati on of ni trate ni trogen

in the 1 eachate was be10w the max imlll1 all owab1 e 1eve1 (10 mg/1) in drinki ng
water for hlll1ans, it was above the allowab1e concentration (5 mg/1) in
drinking water for animal s.

Continuous app1 ication at higher rates may

therefore pose a hea1th hazard for both anima1s and humans.

7.12} Other products from wheY

a} Isopropano1, butano1 and ethano1 (IBE)

The production of iso-propanol, butano1 and ethano1 using concentrated whey
(by multiple effect evaporator) was studied with clostridilll1 beyerinckii in
a f1uidized bed reactor.
during the process.

The products are removed from broth in two stages

First1y by evaporation of the fermentation broth in the

recycle 100p of the

f1uidized reactor continuous1y and simu1taneous1y.

Second1y, by conventi on al di sti 11 ati on of the eff1 uent.

A producti on cost

of US $ 0.19 per kg of IBE mixture has been estimated (l02).

The authors

conc1uded that the combination of a concentrated feed (low transport costs) ,
immobi1ized ce11s and continuous product remova1 (high reaction rates) is
essentia1.
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Continuous production of butanol from whey permeate with immobilized cells
of

~beyerinckii

in Ca alginate beads have been studied (160).

The influe-

nce of three parameters (fermentation, temperature, dilution rate [dilution
rate in continuous system is the ratio of flow rate to the bioreactor and
the working volume of bioreactorJ and concentration of Ca 2+ in fermentation
broth) on the butanol producti on was investi gated.

80th a fermentati on

temperature of 30°C and a dilution rate of ~ 0.1 h- 1 during the start up
phase are required to achieve continuous butanol
permeate.

production from whey

16-fol d hi gher producti on of butanol was recorded than those

found in batch cultures with free

~

beyerinckii cell on whey medium (160).

The i nfl uence of temperature on sol vent producti on from whey by
strains of clostridium acetobutyl iClll1 and
by Voget et al. (167).

~

usi ng

butyl iClll1 have been discussed

Higher yields of solvents were observed at 37°C or

at 30°C depending upon the strain.

An

overall

reactor productivity of

0.24 g/l/h of sol vents was observed duri ng batch fermentati on of whey
permeate

with

C.

acetobutyliclll1

P262

(168).

In

semisynthetic

media

galactose was shown to be as effective as glucose.

With hydrolyzed whey permeate, preferential uptake of glucose over galactose
was observed and such hydrolysis provided no advantage to the fermentation
process (I68).

Factors that coul d further increase the profit margin are

(l02) :

- further

purification

of

the

IBE mixture will

lead

to

products

(n-butanol, iso-propanol and ethanol) with a far higher market value
than the full mixture.
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- collection and further processing of the fermentation gas (C02 and
H2 ); use of the waste from the beer still for methane production.
- lowering salt concentration in the whey permeate; feed concentrations
higher than 27.5 % (W/V) cou1d then be used, which wou1d 1ead to
10wer product recovery costs.
- situation of

the

fermentation

plant next

to

the whey permeate

produci ng factory; the producti on costs wou1 d be 20 % lower.

b) Production of oi1s and fats

Fa ts bi osynthesi s usi ng whey permeate has been studi ed by a nLl11ber of
workers (149, 158).

Laboratory cul ture of candida curvata on sugar beet

molasses or deproteinized whey media for 30 h yie1ded
respective1y.
1 actose.

8 and> 4 mg fat/1

The effectiveness of conversion was 11.7 9 fat/100 gm of

The

efficient.

~

conversion

by

Trichosporon

cutaneum

was

sl ight1y

1 ess

C. curvata harvested from deproteinized whey media contained

18 % solids, which contained 34 % total fat (149).

C. curvata was a1so

grown ;n cheddar cheese whey permeate in continuous cul ture at var;ous
dilution rates and yie1ded 1ipids of consistent composition except for
fastest dilution rate examined (0.2 h_l).

The 1ipid produced at this

dilution rate contained 1ess oleic acid and more 1ino1eic acid than did
1ipid produced at slower dilution rates and resemb1ed the 1ipid found in
exponenti al phase cells in batch cul ture.

The conti nuous cul ture system was

c1aimed to be more efficient than batch (158).

This increased efficiency

might a1so be seen on an industria1 sca1e and could make the fermentation of
permeate

to

produce oi1

more

economically

feasib1e.

A yie1d of
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20 9 oil/100 9 lactose utilized from whey was achieved by batch fermentation
with candida curvata (l75).
properties to palm oil.

The oil is similar in cOlll>osition and

In continuous fermentation of a whey medilJJl with

the same organism, a yield of 10 9 oil/kg culture has been described by the
authors (175).

c} Animal feed

Fermentati on bacteri a has al so been used to produce fermented ammoni ated
condensed whey (FACW) for increased utilization of whey in place of Soyabean
meal for animal feed (l09).

Studies on animal feed block from whey by

adding a divalent cation action containing phosphate salts of Ca and Mg to
concentrated whey (> 45 % sol i ds) has been performed by Chambers et al.
(134).

kidified whey was mixed with urea at 28 % of dry matter, cooled and

neutralized (if necessary) to give a new feed called concentrate Ksona (135)
containing lactsyl ureide (the product of reaction between whey lactose and
urea).

The product contains 25-39 % protein and 15-20 % lactose.

of Ca, P and S in the product is 0.4-0.6 %.
turer feed concentrates (at

~

The l evel

Ksona may be added to manufac-

17 %) to increase its biological value (135).

Whey lactose was fermented to lactic acid followed by ammonification with 20
or 25 % NH3 water which resulted in a 3-5 fold increase in Non protein N
level (171).

The whey contained 30 9 digestible protein per liter and 0.08

feed units per liter and was successfully fed to the fattening steers and
lactating cows, permitting a savings in high-protein concentrated feeds.
Another process i s developed by Rachev et al. (l76) for the producti on of a
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N-enriched whey product (1 actosyl urea) i ntended as a rLmi nent feed.

The

product was made of natural whey (solids 6.0-6.7, lactose 4.5-5.0, protein
0.7-0.9, fat 0.3-4 and minerals 0.5-0.7 %), urea and catalysts.

of the process were:

The stages

purification of whey, mixing with urea and catalysts,

heati ng and concentrati on (vaculJl1 evaporator).
protei n 2.2-4.6 %.

One kg l actosyl urea

contained 0.45 feed units and 623 9 crude proteine

It can be used as a

sol ids 58-62,

N (total)

Lactosyl urea contai ned:

9-10,

supplementary source of N for ruminants.

A full scale plant producing lacto-whey FACW containing ammonilJl1 lactate
s tarted in U.K. (136).

The mi croorgani sm used i s Lactobacill us bul garicus

at a 5-10 % inoculum level.

FACW showed 44 % crude protein equivalent, 37 %

lactic acid at the 64 % solids level with a density of 1,220 kg/m 3 , a
viscosity of 1,320 mpa at 0°.

The product i s stabe for six months.

FACW

can be fed at the rate of 0.5-1. 0 kg/head daily to beef cattl e and
0.5-1.8 kg/head daily to milking

COtIs.

Feeding trials showed it to be equal

soyabean meal when fed to rLl11inant animals.

AmmonilJl1 lactate is also a

potential feedstock for the production of lactic acid and certain lactic
aci d derivatives in competi ti on wi th other carbohyd rate sources.

A number

of food and feed preparations containing whey have been prepared with or
without fermentation (137-143, 145).

d) 2,3 - butanediol

2,3 - butanediol fermentation has been studied by Lee and Maddox (177).

OJt

of the four organisms tested in semisynthetic mediLl11, Klebsiella pneumoniae
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N.C.LB. 8017 arrived to be the most promising.

When tested using rennet

whey permeate as substrate, a butanediol concentration of 7.5 g.l-l, representing a yield of 0.46 g/g lactose utilized, was observed after 96 hours
incubation.

In whey permeate where the lactose had been hydrolyzed enzymata butanedi 01 concentrati on 13.7 g/l,

i cally pri or to the fermentati on,

representing a yield of 0.39 g/g sugar utilized, was obtained.

These

results indicate that lactose utilization may be a limiting step in the
fermentation process.

e) Industrial resin

Source of cheese whey as i ndustri al
Process Corp. (CPC).

resi n has been exami ned by Chemi cal

Whey permeate from ultrafiltration is high in lactose.

Separating whey after curd is salted and pressed, yields a product high in
sodi um chl ori de,

maki ng a diffi cul t

di sposal

suspects salt content could be an advantage.
ute to cross linking in resins,
controlling

pH

range,

probl em worse.

Yet CPC

Salt whey protein may contrib-

resulting in stronger adhesives.

investigators

can

By

direct the polymerization and

crosslinking reactions (Biomass Digest, Feb. 1984).

f) A number of other products l ike production of aroma (107, 108), citric
acid (151) and polysaccharide (106) have been tried.

Xanthen campestris has

been used to ferment whey-glucose medilJ1l to produce viscosities of
CP at a 12-s- 1 shear rate (150).

~

7,000
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8) Economie evaluation

Economie analysis of dairy processing waste from a facility which process
208 x 106 lb (94.35 x 106 kg) of milk per year, 21 x 106 lb (9.53 x 10 6 kg)
of cheese per year and 185 x 106 lb (83.9 x 106 kg) of whey per year has
been studied.

From this facility a whey permeate residue is produced at a

rate of 62,000 gal/day (2.35 x 10 5 l/day).
concentrated, at approximately 5 % TS.

This whey permeate is highly
Four options were examined for

reuse/disposal of this material:
- land disposal
- anaerobic completely mixed digester
- anaerobic contact digestion
- ethanol producti on

On a present worth basis all the four options are within 10 % of each other
(101).

For each digestion and alcohol production option, no reduction in

disposal cost was accounted for since this material is going to the land
(Table 10).

Thus it is clear that both digestion and ethanol production are capable of
producing energy at a revenue of $ 4/MBtu for methane and $ 2 (US)/gal (or
$ 0.53/1) of ethanol with no credit for BOD and solids reduction in the whey

permeate.

If disposal costs for the effluent were reduced, then compared to

the raw permeate, a definite economic advantage would exist for both digestion and alcohol production.

Table 10
Dairy processing facility
Whey permeate

Item

Land disposal

Anaerobie digestion
Compl etely
mixed

Ethanol production

Contact
digestion

Energy produced

0

22.8 x 10 6 ft
CH 4 /year

Revenue ($/year)

0

91,200

145,600

1,140,800

Annual cash flow

-764,900

-716,700

-686,000

-286,200

0

264,800

375,400

1,984,900

-2,731,500

-2,824,100

-2,825,100

-3,006,900

Total capital investment ($)
Present worth ($)

E/

36.4 x 10 6 ft
CH 4 /year

E/

570,400 gal Etom/year
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Therefore, on the basis of these data it would be recommended that all
energy generation options appear feasible and that further investigation is
warranted to develop a more detailed economic analysis on site-specific
basis to determine the most cost-effective alternative.

Fo r

sma 11- scal e cheese producers cost compari son study of whey lactose

conversion has been made (47).

Francisco Castillo of Engenics,

Inc.,

working with University of California at Berkeley and Venezuelan Institute
of Scientific Investigations in Caracas did detailes examination of yeast
lactase and ethanol production for cheese producers.

They concluded:

- all the three processes are effective waste treatment process.
- reduces BOO 90

~

95 %.

only lactase production woul d turn profi t.

Even though processing

costs are high, enzyme sales could net $ 540 (US)/l,OOO liters of
whey treated.

The problems associated with the process are:
- market for enzyme.
- u sed to reduce

hard- te- di gest lactose content of mil k and mi l k

products.
- too small to convert this whey conversion.

The whey BOO was reduced by 90 % in each of the process and pl ant desi gn
were evaluated at the scale of 25,000 l whey per day, corresponding to the
output of a typical cheese factory.
process are shown in Table 11.

The total treatment cost for each
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Tabl e 11
Cost comparisons for permeate bioconversion (47)

Process opti on

Treatment cost

Total treatment cost
$/1000 l of whey

Net treatment cost
after by product
credi t
$/1000 l of whey
(c ents/kg BOO removed)

Ethanol

21.8

8.1 (26)

Biomass production

33.8

24.5 (73)

Enzyme production

65.1

-534
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Least attractive was found to be yeast producti on (Kl uyveromyces fragil i s
for single cell protein).

Kluyveromyces ferments 25,000 liters of whey/day

to 517 kg protein, not enough to offset high equipment costs for fermentor
agitators and air compressor.

Thus ethanol production looks best.
for alcohol and

45~/kg

After by product credits of

45~/1

iter

of for residual yeast, net treatment cost cornes to

only $ 8.10/1,000 liters of whey, as

co~ared

with $24.50/1,000 liters to

produce yeas t.

These fi gures are based on ethanol fennentati on wi th candida pseudotropicalis ATCC 8619 which was found to be the best strain and gave 9.8 % ethanol
from 28 % whey (Biomass Digest, sept. 1984).

Further a cost compari son has been made for the di rect trea1ment wi th no
recovery and trea1ment with recovery and is shown in Figure 12.

Ethanol and

methane production seems to be the best alternative for the first generation
products.
19.6~/kg

The price of FACW containing ammoniLml lactate worked out to be
of material produced (Fig. 12) (Dr. J. Goulet, presented at Int.

Biotechnol. Symp., Quebec, August 20, 1986).
molasses is

24~/kg.

Therefore, FACW has been advocated to replace molasses

for fermentati on products.
be

the

cost

of

Whereas the current price of

specific

However, the best way for cost comparison would
product

via

FACW

fermentation

and

direct

fermentation of whey permeate coupled with or without reverse osmosis and
lactose hydrolysis depending upon the microbial strain used.
the cost of production of FACW may be an extra burden.

In such a case
It requires
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Figure 12:

Cost comparison for different options

.,..--~) 1 ANIMAL

1

WHEYt-I---"""'-~

FEEDING

ACTIVATED SLUDGE
TREATMENT

~

11

~ 22~/100

KG

r-->

160~/KG OF SOLIDS

t---)

40~/KG OF SOLIDS

~-

!...--)I
WHEY

LAND DISPOSAL

ACTI VATED SLUDGE
TREATMENT
~)60~/KG OF SOLIDS

=---------=
ETHANOL ...
t --~)

26~/KG OF SOLIDS

ETOH 45~/L
5 $/L
BIOMASS PROTEIN
45~/KG

F=--~ 1

LACTASE ....
l---~) CREDIT

54~/L

WHEY

10 $/10 6 UNITS
ANAEROBIC
DIGESTION ...
, _ _~~ 36~/KG OF SOLIDS

IBE MIXTURE

71

FACW

tl---~~25~/L

OF MIXTURE

t~---7) 19.6~/KG
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more data for the second generation products 1ike organic acids and
solvents, vitamins, etc. for final cost comparison.

In thi s respect, based on the 500 x 10 6

'"

591

X

10 6 1/year of permeate

produced by one plant in Quebec will resu1t in a plant capacity of 6.6 x 10 6
'" 7 .88

X

10 6 1 of 100 % ETOH/year.

The cost eva1uati on based on such a

capacity of the plant will resu1t in an operative costs of
site specific and

27.4~/1

(can.) for grass root pl ante

24~/1

(can.) for

These figures are

comparabl e wi th the ethano1 produced by a pl ant in Kerobert (Saskatoon)
based on entire1y with grain screenings co11ected form e1evators and a plant
Minnedosa (Manitoba) with 11.355 million 1iters of ethano1 per year based on
bar1ey as feedstock (129).

The cost of ethano1 varies from 464/1 to 554/1

(can.) (130) which i s a1most doub1 e the cost of ethano1 from whey permeate.
Therefore in the present market situation ethano1 can be considered as
viable situation.

9) Conclusions and recommendations

The abso1ute dependency of canadian fermentation industries in relation with
import of cane molasses and its f1uctuating prices in the recent years has
resu1ted in the search of an alternative material.

The molasses, in the

fermentation industries gives rise to a number of prob1ems:
- import of cane molasses from North America
- fluctuations in the price of molasses
- chemica1 and microbio10gica1 qualities of molasses are variable
- clarification is an additiona1 burdon
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- storage problems
- should be sterilized before use
being semi solid pumping of molasses is a real problem
- the residue after fermentation is high in BOO and hence creates
pollution problems.

The whey can repl ace the mol asses in a number of fermentati on i ndustri es.
The current methods of whey disposal in Quebec are:
- evaporation and drying to produce whey powder
- ultrafiltration followed by land application, biomethanation, dumping
to sewer
- returning whey free to farmers
- selling it to processors.

However,

ethanol,

biomass,

enzyme

production,

organic

acid production,

polysaccharide fermentations, vitamins are all effective methods to replace
molasses with whey and/or whey permeate.
of the whey by 90 to 95 %.

All the se methods reduces the BOO

The lactase enzyme process evaluation suggests

the possibilities in producing high value products from whey permeate.
While the market for this particular enzyme is currently inadequate to
sustai n the producti on at large cheese factory, other hi gh val ue products
with great market potential (antibiotics, vitamins, enzyme, organic acids
and solvent, oil, 2-3 batanediol) (21, 141) can be produced from whey and
might be practical

in a small

scale plants.

For general

appl ication,

ethanol production from whey permeate is most attractive even for the small
quantity whey producer (25,000 l/day).

Further work i s required for the
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improvement of process technology and then cost compari son wi 11 be necessary
specially for those of small scale producers.

High equipment costs are the largest factor in the whey treatment cost and
strategies for reducing equipment costs should be evaluated.

Continuous

fermentation processes should be developed to take better advantage of high
productivities achievable with the selected yeast strains.

For example, at

a dilution rate of 0.2 h- 1 a single 6,500 1 continuous fermentor could
repl ace the two 30,000 1 fermentor used in the batch operated pl ante
at

the scal e of a small

Even

i ndependent cheese factory, whey treatment by

ethanol fermentation woul d add only 7.3 (US) cents per kilogramme to the
cost of cheese manufacture (47).

Serious consideration should be given to

1 egi sl ative requi rements for whey waste treatment in those areas where
dumping still takes place.

Further studies of both batch and continuous mode have shown that immobilize
systems have better cell growth and ethanol production rates than those in a
free growing systems.

Productivity in a continuous immobilized system could

be much higher than the free growing system due to large accumulation of
cell mass in the reactor (110, 111).

The application of industrial alcohol ranges from its use as a solvent and
reagent (114) in the pharmaceutical, food and chemical industries (115) to
its uses as fuel (116) or fuel additive (117).
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Land application of cheese whey investigated in Canada have shawn that
nitrate concentration in leachate was high and continuous application at
high rates may result in ground water contamination and eventually may
become a threat to hllTlan and animal s heal th (6).

t<t> reover, whey permeate

shoul d be consi dered as a resource rather than mere di sposal

probl em.

However land application after ultrafiltration may not pose this danger.

Among the hydrolysis methods of lactose, the acid hydrolysis can not be
appl ied to mi lk or to protein containing substrates due to protein denaturation.

It is an attractive method for deproteinized or UF-ultrafilter whey,

because i t i s presently 1 ess expensive than the enzymatic methods.

The free

enzyme (batch) method i s more attractive for the hydrolysi s of 1 actose in
milk, because its antagonistic immobilized enzyme method is related with
microbial

growth.

One disadvantage of this method is its high cost.

Immobilized enzyme systems have the possibility of continuous processing and
reusability of enzyme which leads to lawer costs, a very essential factor in
the case of whey.

However, there is no system (up to now) commercially

available which can be used in non-sterile milk and whey (94).

The hydrolysis of 1 actose solution by using catalytic resins appears to be a
very interesting approach (113), if it is considered:
- the product obtained has a very high quality
- the economics of the process are very good, compared with the high
price necessary to obtain enzymatically hydrolyzed lactose.
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Anaerobie digestion of the whey permeate to recover methane as energy source
and to reduce the BOO by 80

~85

% is a good approach (112).

However

econo~

ics and process performance observed at least in one pilot plant trial in
Quebec makes it a difficult proposition of product recovery and waste
treatment.

Hog feeding as is practiced by small and medium group of industries seems to
be an easier way, but does not seem to be the best way of utilization.

This

is specially true when high valued chemicals (described in this report) can
be generated via fermentation.

The drying of whey to produce whey powder is still a product of last resort
that barely recovers i ts cost.

Th e aci di c conti tuents coul d not, however,

be dried and producers are therfore obliged to demineralize their whey.
Demi naral ization, presently is costly affair and therefore work is required
to make the process feasible.

This will enable to use the hydrolyzed

lactose as table sugar and has a large potential for future.

The small cheese factory is still in disadvantageous position in disposal
(23, 24).

Its volume is too small to justifiy the installation of pro-

cessi ng equi )l11ent (evaporator, dryers and for ul trafi 1trati on uni t)
therefore they are 1 eft wi th the opti on of hog feedi ng.

and

It i s often uneco-

nomical to install the kind of equi)l11ent necessary to ensure that the whey
is cooled and handled as required for later use for human consumption.

One

alternative is to join with other factories and set up some type of processing or disposal system.
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Whey proteins, lactose, b1ended and specia1ity products are more profitable
th an dried whey.

The overall market for whey products has been expanding.

New uses have been deve10ped, both as a food and for certain industria1
processes.

There is more interest in breaking whey down into its component

parts and then using the parts in the other foods.

Whi1e a whey market as such does not exist, sorne relative return have been
made and others can be made with the avai1abi1ity of more data.

Future

The production of cheese has been increasing steadily over past ten years
and therefore the production of cheese whey and this trend will continue in
future.

In the near future pressures to use whey in an economi cal manner

rather than treating it as waste or returning to farm will increase.
Therefore, more research for new whey products (ethano1, organic acids and
solvents,

oi1, 2-3, butanedio1, etc.) is essentia1.

There is 1 ike1y to be more regu1 ation and standardization of whey products
than there has been in the pasto

Better uti1ization will be required, both

in comp1 ete products and in products that use components of whey.

Thi s

shou1d he1p in adjusting to changes in consLlTlption trends and in other
aspects of market.

Much of the economic incentive to use whey in food products will depend on
the non fat dried milk market (NFDM).

The higher the priee of NFDM in
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relation to dried whey, the more pressure there will be to find ways to
substitute whey products for NFDM.

In many bakery processes whey and whey-

blended products are very satisfactory NFDM substitute.

Increasing world demand for quality protein can lead to the development of
new food products.

Hope fully they can be exported to food-deficient areas

and still be produced for a profit.

The market for component parts and blends of whey and other products will
continue to increase.

While dried whey will still use a large part of total

whey production, it will continue to be less profitable than selling other
products.

Competition for the dried whey market will continue to be tough.

The fi rms that can develop and market uni que and i nnovative products have
the potential to make the most money.
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