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shermanii. 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. (164) in three
stages. P. shemmanii 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 P. shermanii (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 fermented whey product containing 0.96 % propionic
acid and 0.2 % acetic acid (compared with 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).

Propionibacteriun acidi-propionici is a slow growing organism during

fermentation, requiring fermentation times of 12 to 14 days for a 56 %
conversion (120, 121). A batch fermentation of 8 days resulted in a

conversion of only 30 %. In mixed culture time required is about 3 days.
Consequently a very large reactor is required for the large-scale production

of organic acids by fermentation.
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Immobilized whole cell systems for fermentation processes, recently devel-
oped, have the benefits of a high productivity with 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 continuous strirred tank reactor (122-123). Therefore using same
immobilized cell reactor for the production of organic acids and solvents
anticipated time will be reduced consequently the size of bioreactor and
hence the cost of overall process using cheese whey as substrate. For
example, in continuous fermentation, a 90 % conversion of glucose were
achieved in the continuous strirred tank reactor (CSTR) for a 72 hours
retention time and a 30 g/1 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 glucose were found at 28 hours
retention time in immobilized cell reactor (ICR). Also, about 67 % sugar
can be converted in organic acids in this reactor, yielding a more than
20 g/1 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 and others not only for
production of organic acids and alcohol but also for organic solvents
(acetone, butanol, etc.) and should be compared with other existing

systems.
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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 1oading
that:

a) will 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 information is needed on the environmental 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 applica-
tion 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 columns of different height filled with
soil. Application of whey was made based on assumptions that:

a) the nitrogen requirement for corn crop is 280 kg-N/ha

b) only one half of the organic nitrogen would be available 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 1iter of whey was the amount required for each column.

The average monthly rainfall for period May-September was 98.5 mm. This is
equivalent to 3.1 liters of water per column. The total rainfall accumula-
tion for the five months period (15.5 liters) was applied into each column
at a rate of 3.1 liters every 8 days starting on day 0 (i.e. 3.1 1 on each
days 0, 8, 16, 24 and 32). Leachates were collected every 4 days and

analyzed for nitrogenous compounds.

The organic nitrogen concentration in the whey was 1,765 mg/1. 0Only concen-
trations of 0.6 to 1.4 mg/1 of organic nitrogen were found in the leachate
samples. Most of the organic nitrogen in the cheesewhey (99.9 %) was
retained by the soil and will therefore be made available to the plant after
conversion to ammonium. The results also 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/1 to 0.01 to 0.08 mg/1. Both 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/1 to 4.9 - 7.5 mg/1.
Both the soil depth and soil type affected the concentration of nitrate

nitrogen in the leachates. Although the concentration of nitrate nitrogen

in the lTeachate was below the maximum allowable level (10 mg/1) in drinking

water for humans, it was above the allowable concentration (5 mg/1) in

drinking water for animals. Continuous application at higher rates may

therefore pose a health hazard for both animals and humans.

7.12) Other products from whey

a) Isopropanol, butanol and ethanol (IBE)

The production of iso-propanol, butanol and ethanol using concentrated whey

(by multiple effect evaporator) was studied with clostridium beyerinckii in

a fluidized bed reactor. The products are removed from broth in two stages
during the process. Firstly by evaporation of the fermentation broth in the
recycle loop of the fluidized reactor continuously and simultaneously.
Secondly, by conventional distillation of the effluent. A production cost
of US $ 0.19 per kg of IBE mixture has been estimated (102). The authors
concluded that the combination of a concentrated feed (1ow transport costs),
immobilized cells and continuous product removal (high reaction rates) is

essential.
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Continuous production of butanol from whey permeate with immobilized cells
of C. 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 bioreactor] and concentration of Ca?t in fermentation
broth) on the butanol production was investigated. Both a fermentation
temperature of 30°C and a dilution rate of < 0.1 h-! during the start up
phase are required to achieve continuous butanol production from whey
permeate. 16-fold higher production of butanol was recorded than those
found in batch cultures with free C. beyerinckii cell on whey medium (160).
The influence of temperature on solvent production from whey by using

strains of clostridium acetobutylicum and C. butylicum have been discussed

by Voget et al. (167). 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/1/h of solvents was observed during batch fermentation of whey

permeate with C. acetobutylicum 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 (168). Factors that could further increase the profit margin are

(102):

- further purification of the IBE mixture will 1lead 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 (CO2 and
H,); use of the waste from the beer still for methane production.

- Towering salt concentration in the whey permeate; feed concentrations
higher than 27.5 % (W/V) could then be used, which would lead to
lower product recovery costs.

- situation of the fermentation plant next to the whey permeate

producing factory; the production costs would be 20 % lower.

b) Production of oils and fats

Fats biosynthesis using whey permeate has been studied by a number of

workers (149, 158). Laboratory culture of candida curvata on sugar beet

molasses or deproteinized whey media for 30 h yielded < 8 and > 4 mg fat/1
respectively. The effectiveness of conversion was 11.7 g fat/100 gm of

lactose. The conversion by Trichosporon cutaneumn was slightly 1less

efficient. C. curvata harvested from deproteinized whey media contained
18 % solids, which contained 34 % total fat (149). C. curvata was also
grown in cheddar cheese whey permeate in continuous culture at various
dilution rates and yielded 1ipids of consistent composition except for
fastest dilution rate examined (0.2 h-!). The 1lipid produced at this
dilution rate contained less oleic acid and more linoleic acid than did
lipid produced at slower dilution rates and resembled the lipid found in
exponential phase cells in batch culture. The continuous culture system was
claimed to be more efficient than batch (158). This increased efficiency
might also be seen on an industrial scale and could make the fermentation of

permeate to produce oil more economically feasible. A yield of
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20 g 0i1/100 g Tactose utilized from whey was achieved by batch fermentation

with candida curvata (175). The oil 1is similar in composition and

properties to palm oil. In continuous fermentation of a whey medium with
the same organism, a yield of 10 g oil/kg culture has been described by the

authors (175).

c) Animal feed

Fermentation bacteria has also been used to produce fermented ammoniated
condensed whey (FACW) for increased utilization of whey in place of Soyabean
meal for animal feed (109). Studies on animal feed block from whey by
adding a divalent cation action containing phosphate salts of Ca and Mg to
concentrated whey (> 45 % solids) has been performed by Chambers et al.
(134). Acidified 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. The level
of Ca, P and S in the product is 0.4-0.6 %. Ksona may be added to manufac-

turer feed concentrates (at < 17 %) to increase its biological value (135).

Whey lactose was fermented to lactic acid followed by ammonification with 20
or 25 % NH3z water which resulted in a 3-5 fold increase in Non protein N
Tevel (171). The whey contained 30 g digestible protein per 1liter 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 is developed by Rachev et al. (176) for the production of a
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N-enriched whey product (lactosylurea) intended as a ruminent 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. The stages
of the process were: purification of whey, mixing with urea and catalysts,
heating and concentration (vacuum evaporator). Lactosylurea contained:
solids 58-62, N (total) 9-10, protein 2.2-4.6 %. One kg 1lactosylurea
contained 0.45 feed units and 623 g crude protein. It can be used as a

supplementary source of N for ruminants.

A full scale plant producing lacto-whey FACW containing ammonium lactate

started in U.K. (136). The microorganism used is Lactobacillus bulgaricus

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/m3, a
viscosity of 1,320 mPa at 0°. The product is stabe for six months. FACW
can be fed at the rate of 0.5-1.0 kg/head daily to beef cattle and
0.5-1.8 kg/nhead daily to milking cows. Feeding trials showed it to be equal
soyabean meal when fed to ruminant animals. Ammonium lactate is also a
potential feedstock for the production of lactic acid and certain lactic
acid derivatives in competition with other carbohydrate 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). Qut

of the four organisms tested in semisynthetic medium, Kiebsiella pneumoniae
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N.C.I.B. 8017 arrived to be the most promising. When tested using rennet

whey permeate as substrate, a butanediol concentration of 7.5 g.1-1, repre-
senting a yield of 0.46 g/g lactose utilized, was observed after 96 hours
incubation. In whey permeate where the lactose had been hydrolyzed enzymat-
ically prior to the fermentation, a butanediol concentration 13.7 g¢/1,
representing a yield of 0.39 g/g sugar utilized, was obtained. These
results indicate that lactose utilization may be a 1limiting step in the

fermentation process.

e) Industrial resin

Source of cheese whey as industrial resin has been examined by Chemical
Process Corp. (CPC). Whey permeate from ultrafiltration is high in lactose.
Separating whey after curd is salted and pressed, yields a product high in
sodium chloride, making a difficult disposal problem worse. Yet CPC
suspects salt content could be an advantage. Salt whey protein may contrib-
ute to cross linking in resins, resulting in stronger adhesives. By
controlling pH range, investigators can direct the polymerization and

crosslinking reactions (Biomass Digest, Feb. 1984).

f) A number of other products 1ike production of aroma (107, 108), citric

acid (151) and polysaccharide (106) have been tried. Xanthen campestris has

been used to ferment whey-glucose medium to produce viscosities of < 7,000

CP at a 12-s-1 shear rate (150).
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8) Economic evaluation
——

Economic analysis of dairy processing waste from a facility which process
208 x 10° 1b (94.35 x 10° kg) of milk per year, 21 x 10° 1b (9.53 x 10° kg)
of cheese per year and 185 x 10° 1b (83.9 x 10° 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° 1/day). This whey permeate is highly
concentrated, at approximately 5 % TS . Four options were examined for

reuse/disposal of this material:

land disposal

anaerobic completely mixed digester

anaerobic contact digestion

ethanol production

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 diges-

tion and alcohol production.
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Table 10

Dairy processing facility

Whey permeate

Item

Land disposal

Anaerobic digestion

Ethanol production

Energy produced

Revenue ($/year)

Annual cash flow

Total capital investment ($)

Present worth ($)

-764,900

-2,731,500

Completely
mixed

Contact
digestion

22.8 x 10 ft¥
CH,/year

91,200
-716,700
264,800

-2,824,100

36.4 x 106 ft ¥
CH,/year

145,600
-686,000
375,400

-2,825,100

570,400 gal Etom/year

1,140,800

-286,200

1,984,900

-3,006,900
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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.

For small-scale cheese producers cost comparison 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 BOD 90 ~ 95 %.
- only lactase production would turn profit. Even though processing
costs are high, enzyme sales could net § 540 (US)/1,000 liters of

whey treated.

The problems associated with the process are:
- market for enzyme.
- used to reduce hard-to-digest lactose content of milk and milk
products.

- too small to convert this whey conversion.

The whey BOD was reduced by 90 % in each of the process and plant design
were evaluated at the scale of 25,000 1 whey per day, corresponding to the

output of a typical cheese factory. The total treatment cost for each

process are shown in Table 11.
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Table 11

Cost comparisons for permeate bioconversion (47)

Process option Treatment cost
Total treatment cost Net treatment cost
$/1000 1 of whey after by product
credit

$/1000 1 of whey
(cents/kg BOD 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 production (Kluyveromyces fragilis

for single cell protein). Kluyveromyces ferments 25,000 1iters 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. After by product credits of 45¢/1iter
for alcohol and 45¢/kg of for residual yeast, net treatment cost comes to
only $ 8.10/1,000 1iters of whey, as compared with $24.50/1,000 liters to

produce yeast.

These figures are based on ethanol fermentation with candida pseudotropi-

calis 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 comparison has been made for the direct treatment with no
recovery and treatment with recovery and is shown in Figure 12. Ethanol and
methane production seems to be the best alternative for the first generation
products. The price of FACW containing ammonium lactate worked out to be
19.6¢/kg of material produced (Fig. 12) (Dr. J. Goulet, presented at Int.
Biotechnol. Symp., Quebec, August 20, 1986). Whereas the current price of

molasses is 24¢/kg. Therefore, FACW has been advocated to replace molasses
for fermentation products. However, the best way for cost comparison would
be the cost of specific 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. In such a case

the cost of production of FACW may be an extra burden. It requires
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Figure 12: Cost comparison for different options
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more data for the second generation products T1like organic acids and

solvents, vitamins, etc. for final cost comparison.

In this respect, based on the 500 x 10° ~ 591 x 10° 1’/year of permeate
produced by one plant in Quebec will result in a plant capacity of 6.6 x 10°
~ 7.88 x 10° 1 of 100 % ETOH/year. The cost evaluation based on such a
capacity of the plant will result in an operative costs of 24¢/1 (can.) for
site specific and 27.4¢/1 (can.) for grass root plant. These figures are
comparable with the ethanol produced by a plant in Kerobert (Saskatoon)
based on entirely with grain screenings collected form elevators and a plant
Minnedosa (Manitoba) with 11.355 million liters of ethanol per year based on

barley as feedstock (129). The cost of ethanol varies from 46¢/1 to 55¢/1

(can.) (130) which is almost double the cost of ethanol from whey permeate.

Therefore in the present market situation ethanol can be considered as

viable situation.

9) Conclusions and recommendations
w

The absolute dependency of canadian fermentation industries in relation with
import of cane molasses and its fluctuating prices in the recent years has
resulted in the search of an alternative material. The molasses, in the
fermentation industries gives rise to a number of problems:

import of cane molasses from North America

fluctuations in the price of molasses

chemical and microbiological qualities of molasses are variable

clarification is an additional burdon
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storage problems

should be sterilized before use

being semi solid punping of molasses is a real problem

the residue after fermentation is high in BOD and hence creates

pollution problems.

The whey can replace the molasses in a number of fermentation industries.
The current methods of whey disposal in Quebec are:
- evaporation and drying to produce whey powder
- ultrafiltration followed by 1and 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. All these methods reduces the BOD
of the whey by 90 to 95 %. 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
sustain the production at large cheese factory, other high value 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 application,
ethanol production from whey permeate is most attractive even for the small

quantity whey producer (25,000 1/day). Further work is required for the



- 82 -

improvement of process technology and then cost comparison will 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-! a single 6,500 1 continuous fermentor could
replace the two 30,000 1 fermentor used in the batch operated plant. Even
at the scale of a small independent cheese factory, whey treatment by
ethanol fermentation would add only 7.3 (US) cents per kilogramme to the
cost of cheese manufacture (47). Serious consideration should be given to
legislative requirements 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 shown 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 human and animals health (6). Moreover, whey permeate
should be considered as a resource rather than mere disposal problem.

However land application after ultrafiltration may not pose this danger.

Among the hydrolysis methods of lactose, the acid hydrolysis can not be
applied to milk or to protein containing substrates due to protein denatura-
tion. It is an attractive method for deproteinized or UF-ultrafilter whey,
because it is presently less expensive than the enzymatic methods. The free
enzyme (batch) method is more attractive for the hydrolysis of lactose 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 l1eads to lower 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 l1actose 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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Anaerobic digestion of the whey permeate to recover methane as energy source
and to reduce the BOD by 80 ~85 % is a good approach (112). However econom-
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 its cost. The acidic contituents could not, however,
be dried and producers are therfore obliged to demineralize their whey.
Deminaralization, 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-
cessing equipment (evaporator, dryers and for ultrafiltration unit) and
therefore they are left with the option of hog feeding. It is often uneco-
nomical to install the kind of equipment 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 pro-

cessing or disposal system.
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Whey proteins, lactose, blended and speciality products are more profitable
than dried whey. The overall market for whey products has been expanding.
New uses have been developed, both as a food and for certain industrial
processes. There is more interest in breaking whey down into its component

parts and then using the parts in the other foods.

While a whey market as such does not exist, some relative return have been

made and others can be made with the availability 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 economical manner
rather than treating it as waste or returning to farm will increase.
Therefore, more research for new whey products (ethanol, organic acids and

solvents, o0il, 2-3, butanediol, etc.) is essential.

There is 1ikely to be more regulation and standardization of whey products
than there has been in the past. Better utilization will be required, both
in complete products and in products that use components of whey. This
should help 1in adjusting to changes in consumption 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 price 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 Targe 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 firms that can develop and market unique and innovative products have

the potential to make the most money.
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