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c) Acetic and propionic acid 

The annua1 demand for propionic and acetic acids is approximate1y 1.3 bil

lion kgs (118). Acetic acid is used extensive1y in the manufacture of 

cellulose acetates, viny1acetate, acetic esters, etc. Propionic acid is 

used in a variety of industria1 processes. Cellulose propionate is an 

important thennop1 asti c, 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 fermen

tation of sugars using a species of PropionibactirilJl1 (119). Propionibac

terilJl1 acidi-propionici, a specie of PropionibacterilJl1, produces 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 manu

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

pasteurized, 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. (164) in three 

stages. 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). A batch fermentati on of 8 days resul ted in a 

conversion of only 30 %. 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 devel

oped, 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. Fo r 

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/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 and others not only for 

production of organic acids and alcohol but also for organic sol vents 

(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 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 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 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. This is 

equiva1ent to 3.1 1iters of water per co1umn. 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 1 eve1 (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. The products are removed from broth in two stages 

during the process. 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. 



- 69 -

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 production from whey 

permeate. 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 usi ng 

strains of clostridium acetobutyl iClll1 and ~ butyl iClll1 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/l/h of sol vents was observed duri ng batch fermentati on of whey 

permeate with C. acetobutyliclll1 P262 (168). 

galactose was shown to be as effective as glucose. 

In semisynthetic media 

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. 



- 70 -

- 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 ~ 8 and> 4 mg fat/1 

respective1y. The effectiveness of conversion was 11.7 9 fat/100 gm of 

1 actose. The conversion by Trichosporon cutaneum was sl ight1y 1 ess 

efficient. 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 



- 71 -

20 9 oil/100 9 lactose utilized from whey was achieved by batch fermentation 

with candida curvata (l75). The oil is similar in cOlll>osition and 

properties to palm oil. 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. The l evel 

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 % 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. The stages 

of the process were: purification of whey, mixing with urea and catalysts, 

heati ng and concentrati on (vaculJl1 evaporator). Lactosyl urea contai ned: 

sol ids 58-62, N (total) 9-10, 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 

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/m3 , 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, 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

i cally pri or to the fermentati on, a butanedi 01 concentrati on 13.7 g/l, 

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 resi n has been exami ned by Chemi cal 

Process Corp. (CPC). 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 probl em 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 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 ~ 7,000 

CP at a 12-s-1 shear rate (150). 
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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 106 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 105 l/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 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 diges

tion and alcohol production. 



Table 10 

Dairy processing facility 

Whey permeate 

Item Land disposal Anaerobie digestion Ethanol production 

Compl etely Contact 
mixed digestion 

Energy produced 0 22.8 x 10 6 ft E/ 36.4 x 10 6 ft E/ 570,400 gal Etom/year 
CH4 /year CH 4/year 

Revenue ($/year) 0 91,200 145,600 1,140,800 

Annual cash flow -764,900 -716,700 -686,000 -286,200 

Total capital investment ($) 0 264,800 375,400 1,984,900 

Present worth ($) -2,731,500 -2,824,100 -2,825,100 -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. 

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. The total treatment cost for each 

process are shown in Table 11. 



- 77 -

Tabl e 11 

Cost comparisons for permeate bioconversion (47) 

Process opti on Treatment cost 

Ethanol 

Biomass production 

Enzyme production 

Total treatment cost 
$/1000 l of whey 

21.8 

33.8 

65.1 

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

8.1 (26) 

24.5 (73) 

-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. After by product credits of 45~/1 iter 

for alcohol and 45~/kg 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 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 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. The price of FACW containing ammoniLml 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 fermentati on products. 

be the cost 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. 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 

.,..--~) 1 ANIMAL FEEDING ~ 11 ~ 22~/100 KG 

1 WHEYt--I---"""'-~ ACTIVATED SLUDGE 
TREATMENT r--> 160~/KG OF SOLIDS 

WHEY 

~-

!...--)I LAND DISPOSAL t---) 40~/KG OF SOLIDS 

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 tl---~~25~/L OF MIXTURE 

71 FACW 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 106 '" 591 X 106 1/year of permeate 

produced by one plant in Quebec will resu1t in a plant capacity of 6.6 x 106 

'" 7 .88 X 106 1 of 100 % ETOH/year. The cost eva1uati on based on such a 

capacity of the plant will resu1t in an operative costs of 24~/1 (can.) for 

site specific and 27.4~/1 (can.) for grass root pl ante 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. All the se methods reduces the BOO 

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 

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 Even 

a t the scal e of a small 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 denatura

tion. 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 1 trati on uni t) and 

therefore they are 1 eft wi th the opti on of hog feedi ng. 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 pro

cessing 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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