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ABSTRACT 

Pure laotose is being used increasingly by fwd 
industries because of its many unique chmacteristics. 
Its availability, low price, high nutritive value, low 
hygroscopicity plus good solubility make the incorpo- 
ration of lactose attractive into many foods. It is used 
in baked goods, to impart moisture retaining tenderizing, 
and colar-appealing properties. Lactose is widely by used 
in baby- formulas d plmrmaceuticds. 

IJaicIbose is milk sugar that enzyme lactase breaks 
d m .  Far wmt of lactase most adults oarnot digest milk. 
En pcqmia~m- that &ink milk, the adults have more 
lactase pwha~ps -ough natural selecties. 

Ah& 1-4 % d milk input to dairies and creameries 
is wasted. The economic and nutritional value of this 
wastage is &$dated. AA~empk to mover the wastage 
have been made in some instances but it is doubtful if 
recovery pmcess is economicaUy justifiable. 

PA major part of the paper is cmcerned with whey, 
which cmsltitutes a special problem, the extent of which 
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is dmribed and the nutritional value of the whey wastage 
calcdatd. Methods of treatment are discussed. &on- 
ventimab treatments, including dxyhg, direct animal 
feeding and lactose extraction, are briefly described 
together with newer <anconventionab treatments at 
greater length. These <cmconventi.(yn&> processes - gel 
filkaticm, ion exchange and ultmfilitration - generally 
aim at extracting the 0.7 % of true pmtedn from whey 
in undenatured form. Ultrafiltration is now reaching a 
commercial scale. All  threle processes produce a lactose- 
rich ky-prolduat which, for ecmomic sucess, must be 
utilisled. Possible lactose utilislatim includes fermenta- 
tion either to a p~otein-rich biomass or other product 
e.g. dcohhol, or by enzimic cmversiw to galactose/ 
hglucose syrup which may have a relakively ready 
acceptability in foodstuffs for subsequent f mentation. 
Neither process is yet established cm a commercial scale. 

Le lactose pur est de plus en plus r e c k c h 6  par 
lYhdu5trie alimentaire. Les qumtit& dispdbles de ce 
sucre, a f i h  B son bas prix, sa haute vdeur nutritive, sa 
biasse hygrmcopicitk, sa borne s,olubiXtk, sa borne capa- 
ci% de retention d'eau et sa facult6 d'kprimer de la 
oo* a m  aliments, sank des cmlact6xistiques qui la 
rec-ndent pour faire partie de la canposition de 
f ~ m u l e s  pbmlaceutiques et des aliments pour bCb6s. 
Susceptible #&re hy&oly& en prbence d'un enzyme 
spdcifique, le kctose n'est pas dig&% par l'homme dou6 
d'm intestin d&p~mvu de lactase. 

Prh de 1-4 % du lait utilisC mondialement se perd 
s'ous borne de s6rurn. Plusieucs 6tudies ont 6% faites en 
vue die la d4couvmte du moyen de Muire ce gaspillage. 
Pourtaat des d o u h  subsistent sur 16conomicitC des pro- 
&6s eq6rimenG-s qui envisagent sa r6cup5raticm. 

La valeur alimentaire du sCrum du Mt, aussi bien 
que les prolc6cEs de traitemeat auxquelk il p~eut-&re 
sowis,  amt les aspects les plus approfondis au cours 
du pxhent article. Le fatrage, avec IWCQIU~~S au gel, 
k h m g e  imique et l'ultrafiltrage, sont des m & h d  
qui penmetken d'en extraire autour de 0,7 % de pro6bes. 



RECOVERY O F  DAIRY WASTE 

La solution concentrCe, obtenu~e par n'import Lquelle 
de oes m(6bhodes, est riche en lactose, duquel, par fer- 
mlentatim, m p u t  olbtenir des d6riv6s riches en pro- 
t6ines, alcwl ou, sous 'l'a&tioa de I'enzyme lactrase, des 
saluti!ons de glucose et galactose, sucres tr&s recber- 
c h b  par l'indmtrie alirnentaire. 

A laotoee pura estii a sex cadta vez mais procurtada 
wla idbtrh alimentar. As qnmtidades disponiveis 
desse aet iw,  aliadas ao seu baixo preco, elemdo vaior 
nutritive, b e  higrmcolpicidade, b'oa so1ubfidade, boa 
cqeddade  de rekns5o de iigua e faculdade de impri- 
m h  c m  aos alimenhos, s5o caracteTistiioas que a reco- 
mendam para fa= park  da cmposiciio de f6rrnulas 
fiaxmlaci$uticas e de a h e n t o s  para blebb. Susceptive1 
de ser hidrobada na presenca de um enzima especifico, 
nbo 6 digerida pelo hmem doitado de intestin0 desprcl 
vido de lackse. 

Ceca de 1-4 % d'o leite pro~cmsado mundiahente 
6 deslpdgado sob a f~mrna de smo. V&os atudos t6m 
sido desenvolvidoa no sentido de averiguar a forma de 
rduzir esse despedicio. Subsistem, p m h ,  d~vidas so- 
h e  a emolmicidade dm p~ocess~os experimentadas que 
vis~am a sua recupe~a~bo. 

0 d o r  nubitivo do soro de kite, k m  como os 
pmocressus de hta~mento a que pode ser submetido, sbo 
cs aspectm mads aprofundadas ao longo do presmte 
arbigo. A filh@io, corn recurso so  gel, a troca i6nica 
e a ulbafiltm~bo, sbo m6todos que permitem extxair-lhe 
cerca de 0,7 % de proteins. 

A sloh@io cmc&ada, obtida por qualquer dm 
m ~ ~ o s ,  6 r i a  em laotose da qual, por f e r ~ t a ~ i i o ,  
sle p~cdern o h r  derivados riccx; em prokina, &lcool ou, 
sob ac@o do em& lactase, solucks de glucose e 
gdaotose, agticares muito prwuradw pela indtistxia 
dimentax. 
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INTRODUCTION 

Ih is b e e g  horeasingly important that waste products 
from the agricd'turd and food processing industries be used 
in an eomamic and ecol~gicdy acceptable m e r .  Any waste 
pl~oduct musk smpebe ecmhclally with products that they 
replace ocr creak? their own mark&. In same food industries 
the very existence of the plant may bfe dependent on the 
economic and ecological disposal d waste material. 

Canbohydrates a re  by far the most important component 
judging f m  both the quantity available and their wide spread 
in large d e t y  of wastes. Indeed ceUulose, hemicelldose, 
starah, gluome, hotme and other carbohydrates are found in 
p l l i l ddy  alI known wastes derived from farms and food 
pradwtion factories, with perhaps a very few exceptions. Besides 
cmbohydrates, of course there are also fats and pwteins in 
various food wastes. 

1. LACTOSE IN CHEESE WHEY WASTES 

'Ilhe milk protein so produced has already a good mark&. 
h i t  makes the cwerall pxucess diffioult to operate is the lack 
of a gad me  for liactese. Crystdim lactose can be eady 
produced but its market poitential is quite limited. It can also 
ble f ~ e ~  by a class of bacteria to produce lactic acid. 
Lactose a n  also be converted into easily fermentable sugars 
of dextr~ose and gdactme by an enzyme lactase. 

Many dairy product manufactures yield 20,000 to 30,000 gal- 
lons of cheese whey pler day, which is perhapa not large enough 
to kt& the necessary membrane equipment f o ~  recovering 
pnot.ein fmm whey. In bhis case, we can bake the whole whey 
and treat it with immobilized enzyme. 
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Afkr tmeatments of both immobilized, hlctase and glucose 
ismerase enzymes, the seetenled whey wastes can perhaps be 
recycled to the dairy farms. 

2. IMPACT O F  THE WHEY ON THE DAIRY 

!he problems related to the disposal aad utilization of 
obese  whey have rmdved much na i t id  and regional atten- 
tion. Izl s d  counltris legishtion enmted in i n a t  years 
Ear env!mnmmtail probmtiion prohibit dumping d cheese whey 
into nmdy &earns and lakes. Disp~osal d whey by municipal 
sewage treatment is costJy. These faotors alone have f o ~ ~  
,many d ~ w  cheese plants to close. The alkernabive to disposal 
is uhiliiaahilon. Indeed, whey has long h e n  recognized as a 
somoe of valuable nwtrimt.6. The 30 billicuns pounds d liquid 
whey p f d u d  annually in US. cmlhain apprloximately 200 mil- 
lions pounds of pnotein land 1.5 billion pound of lactose. C.urrently, 
only 55 pmoent d these solids are being ubiked in food and 
feed f ~ ~ o n s .  Mditimail effort is, required to1 develop 
imrpirovd methods of whey recovery, fra&.ionation and utiliza- 
tion to mtmn these nutrients to bhe food supply. 

Mth(yugh whey ubilimtion is a readily recognbed problem, 
it shmkl not be t h u g i t  elf as bhe only a m  of concern to the 
pmrmsling industry. T,wo addttioml areas d research also 
mlerit special attmItim. The ability to extent the shelf life 
d a b e r a g e  milk asld of specific dairy products has lmg been 
a desirable god. Neveritheless, in spite d a significant research 
d6&, a+tempk to exk& shd£ life have met with r r u a r g h l  
success. Benefits w o U  accrue to the industry from success 
in this effork, not d y  in the profit aspect, but also in the 
irrqpolved ut,dbakion of milk. A closely interrelated problem is 
energy cmemstim.  Although considered a new prablenn, energy 
u1tilimtia-1 hm an impact on all aspects of milk processing and 
lexknldfs beyond the publicked natural gas d l d m s  iaaposed 
1x1 m a y  p~oicesslolrs. The milk processring industry should be 
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ooncemed with developing abrmtives to thermal pasturbatim 
and evaporation and should reevaluate unit process design to 
b w e  efficiency energy ukilizaon. 

The m'osit urgent and most far-reaching bendits d the 
research on this field would be the mlassivle reduction of pol- 
lution nlow mused by the dumping of whey into sbeams ar 
into disposal systems ill equipped to handle it. By the same 
mason, c~cunp2ete or near c~mplete utiliuakim of both sweet 
and acid whey would greatly enhance the world's food supply 
and help to answer the questions of survival in many under- 
developed and merging countries. 

3. SIONIFICANGE. PRACTICAL IMPLICATIONS 

Ladime occurs in milk, either free or in the f o m  d IactYosle 
containing ~~osacchar ides .  The concenbatim of free la&sle 
vary from 2 to 8.5 %, depending m the mammd, age, seaason, 
strage d hotation, and heredity. The hctmle-oonbinring oligosac- 
c ~ M d e s  elf human milk are reported to vary from 0.3 to 0.6 % 
(Cliamp et al., 1961). Concentrated s m m  of lactose are nonfat 
;milk powder, dried whey, and crystalhe lactose. ATI these 
am by-p~ociucts of the milk indusky. Despite the m ~ t i b  
applic!atbm of lactose ccuncen&lilks in a varieky of food and 
nonfood pmlduicrts, ufixation d the by-products is far f r m  
mtisfa&orl.y (Whibtier and Webb, 1950). Cheese-mlakers have 
been plagued for a long time with the disposition of whey. 
As cheese prodwtim has incre~sd, this problem has grown 
in seriwness and dze. 1958, U.S. cheese-makers had to 
d i s ~ m e  d n m l y  16 billion pounds d whey (W, 1959). 
Channeling d untreated whey into streams, fields, or sewers 
is barred by law in many states, since it kills fish and 
is odoriferous, and its scablike crust draws flies. 

It catmolt be c h ~ l w e l d  into public & p o d  Lines s h e  it 
interferes with praper functioning of an ordinary system. S h m a t  
et dl., (1959, 1962) have invdigated the use of whey as a 
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s t a c e  d phnt nutrienhs. Resubs have k e n  promising, but 
the procedure has bleen tested on an experimental scale only. 
hwtt et al. (1958) have devisted a r n ~ ~  of increasing the 
b&al  nitrogen of whey. The method involved the fernenhation 
of chetese whey whith Lacto-bacillus Bulgarricus followed by 
subsequent treatment of the whey with amonia 60 nleub-e 
the hcbic acid flamed during febrnenbatiom. The use of the 
high-nitrogen, low-lactose whey dwivakive, w b e  mmj'or om- 
stituent seems to be m m i u m  botase, has b'een e d m k d  as 
feedsbuff for dairy caitrtle (mzmrd et al. 1958). Prielbhary 
trials indicated that the pr'oduct was nmkoxic. The u a p s ~ ~ b I e  
nature of the produot, however, resulted in poor a~ooeptmce. 

The inmqmation d laictcrse, almg with the enzyme lactme, 
h been w h m  to be definite admallitages in a n m k  of fwd 
industries. hpmvmenk  of storage potentialities, of nurtritiond 
value, and of qualiky of i9-x- final pl.oduct m & t  create an 
i n t c r w d  market for lactose and sthmlak the pmdiuction of 
new food products. 

3.1 Utilization of lactose in frozen mi& products 

Lactose crystiallbaItion occurs during the proacesing of 
sw~eehied oondwed mid dried wheys anld in such prducts as 
ice m~em d plain, ocmdemed, dry, or frozern milk. %he 
c r y s ~ ~ t i o n  bootmes more promu11~ced diwhg sitorage 5orUow- 
ing mmufadme (Dom, 1058). h&ose c x y s t d ~  in dairy products 
constitute a defect if they impart to the product a n d y ,  sandy, or 
gritty bemixre, tend to &le and form a deposit, or change 
the physical p q m t i e s  of the product slo as to interfere with 
its me. l?rerjmtion of frozen milk producits is usually attended 
by progressive d ~ 0 a ; m m ~ m  of the colloidal oaseimte system 
d milk. T ~ ~ ,  et al., (1954) have shown that ooagulaitrion 
of ms& during the sitonage d frozen omcentrated milk is a 
dbect consequence of crysbllimbion of the lactose in the milk. 
Desai et al., (1961) found a nonlinear relat5on between lactose 
crystdlizahim and the volume of the casein precipitate flmrned 
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diuring the frozen stwage of milk. The catxhate system sud- 
d d y  destabilizes when 85-90 % of the hchose is in the alpha 
5 m .  A~ouz"d;in!g to Pyne (1962), the ause  d casein des,babiil.i- 
d o n  is apparently not lactose crystaUim4ion itself but the 
high degree of comellitraticm of s'erum salts in trhe skill unfrozen 
plofion of the milk that occurs when cryshliizatiou? of lactose 
takes place and k fiollmed by frleez;ing of the water in which 
this hatiwe has previously been &ss~olvd. 

Gm&biona governing l a & w  crys-tion and the conco- 
mitan4 d&biliaa;tiwn of casein in ice cream are very similar 
to those taking place in frozen milk. Brothell (1920) was appar- 
ently the first to atribute sandinesse in ice cream ducto lactose 
cry&arlliziEutim. His hypolthesis was p~fwed expeTinemMy by 
Zaller and WilJiaans (1921). Ititter (1937) d i scu~ed  properties, 
fmmatim, and , ~ f o m t i o n  d the crystalliine f o r m  d l a c b e ,  
and tih& %npmta..nce in drairy products ( s ~ ~ e s s  in sweetened 
oondmsed milk a d  ice cream). 

Stimpson (1954) dowd that the resisbanm of frozen con- 
centraked milk prodwts to the develiorpent of age thickening 
during storage may be impmvd by b ~ ~ g  lacbse-hydrdysled 
milk solids containing l a c h e  into o o m a i t e d  milk. A milk 
o m c ~ m ~  of 33 % solids content, c m g  10 % of a 
hale-hycbalyzed p;rcrducts, and h ~ g ~ ~  pa5orr to freezing, 
gave a prduot of exoebnt storage plohtialities. The concmitra- 
tim of amC& milk solids in ioe cream oan be increased f r a  
the emtounary 10-11 % to 13-14 %, and withouk the objeckionable 
lactose c r y l s ~ ~ U o n  by partial hydrolysis d the lactose in 
skim& moentnates. The first patent appBeakion using hotase 
for this punpose was described by Tmbjcrw and Gray (1929), 
who wed h c W e  of Kefir gmim. Smmpey and Neubeck (1955) 
describ~d a similar pmcess. Yeast lachase ah a 1 % lwd was 
allowed to act on milk solids at pH 6.3 a d  111-120°F' fm 
several hours (or at  3333°F dm seven4 days) to 0;btai.n the 
necessary ccmvlersioo~.. The resulting ice cnwm had a smooth 
texture and sm'ewlW heaviw body. Cabinet storage for 4 6  
months did not lead to sandiness or ice crystal flollyl~yafion. 
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Experiments with sweetened condens~ed milk were comparable 
to those with ice cream, but the rate of hydTolysds was consid- 
erably slaver for a similar amount d lactase. Albrecht and 
Grmcy (1956) also reported on the beneficial effect to enzymatic 
bchse  hyibalysis, but painted to the adviuztages d a high- 
t ~ ~ ~ e  sh801:t4be hydrolytic process to prevent impaired 
task m d  fiavor brlorught abwt during the lm temperature long 
time enzymakic m m ~ a t i o n  of lmtose to glucose and galactose. 
Nickerson remntly reported in a series d papers (1954, 1956, 
1957) on the phmcounenm d h c b s e  crystallizaitiim in ice cream. 
Among the variables studied were the d f w t  d seeding on 
cryshl dze, flzuctoa?s affecting the rake and quantity of crhtal 
fo&on, and mode of acbion d milk powder in preventing 
sandiness. It seem thait lactime crystdlizatim, which had bean 
a serious problem in ice cream for many years, has vh%uaUy 
disappeared in the U.S.A. This is believed to be due tol the 
extensive use d marine and vegetable gum s ~ ~ e r s  in 
manufacture af &is p~oduct in the U.S.A. (Nickerson, 1962). 
The effect d ice cream stabilizers on the freezing character- 
istics of various aqueous sysbms has been sbudied by Shipe 
et al. (1963). 

3.2 Enzgmatic hgdrolysis of lactose in mammalian 
fads OT feeds 

Y m g  mamanals me able to tolerate extremely large quan- 
thties of lactose, but bhh tolerance decreases as the nuammals 
age. This is mpecially true for young dairy d v e s  or pigs 
(Atkinson, 1957; Huber et al., 1961; k d i e z  et al., 1963). Lactose 
is tolerated well by infants, who receive most of their carbo- 
hydrate ;in this form from milk. Laotose seems to be tolerated 
better im animals fed with a diet high in fat. Poultry do not 
tolerate even mdwate levels of lactose regardless d their age. 
The slow rate of lackuse absorption can cause diarrhea in adults 
who take in large amount of it, perhaps because its osmotic 
preslslure causes water to be drawn into the intestine (Harper, 
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1959). According to Freudenberg and Hoffman (lgZ), distress- 
ing bacterial fermentations in infants occur more frequently 
after the bgiep3tion of OW milk than the ingestion d huanan 
mi". The lachose in cow milk is noit xadily hydrolyzed and 
hence not ahanbed. This leads to a h o t w i d  fermentation in 
the lower hrtatine. A relatively large number of published 
mports deal with lactase deficiency cawing malnutrition in 
infancy (Holzel et al., 1959, 1962; Weijers et al., 1961) or cawing 
lacltwurcia with or with0u.t dimrhea (Dunand, 1958, 1959, 1960). 
Weijens and Van de K m e r  (1962) suggested that n u e n o w  
aases in which poor growth of bneast-fled infants has been 
attributed to aihartmd c~mpmition of the mlother's milk, were 
a'atually the re& of hctase deficiency of the imfankile iniletstine. 
Acc~ording to DaMquist (1962), d'eficiiency of inteshinal &sac- 
charidase ;in children is heriditary . Lactose intolerance seems 
to be associated with cellobime intolerance. Barulmgartel (1963) 
reviewed the clinical aspects d lactose digestion and Weijers 
and van de (1963) evaluated the etidogy and diagnosis 
of fermentative diarrheas in cihildren. Dahlqudst et d. (1963) 
and Kern et al. (1963) have shown that intdea-ance or lactose 
m y  exist also in a d u b  and may a a m  milk intolerance. Iim- 
paired digestion and absorption of lactose was to reduced 
lactase activity in the intestinal mucosa. Oral lactose ingestion 
caused crmgs,  ;bla.ting, nausea, occasional vomitiing, and 
diarrhea. Administrakioa 'd hexmes corrected the deficiency. 
Thefore, it eejesmoj bhat m y  h m c e  exist when enzymatic- 
ally hydrolyzed hotme-rich flood would be d vdue. 

Stimpwn (1957) patented podtry and animal-feed formula- 
tioo[15 &hat h'corpamte Imtase-hydrolyzed whey s,olids or skimmilk 
solids ito lenhiance nutnitive value. A pmdud named &idrolerr>->, 
developed for the f e d  industry (hony~nous, 1953)' is prepared 
by enzymatic hydrolysis of lactose in whey, and is used to 
provide a palatable supplement for mix4 feeds. According bo 
manufaoturers' data, it can be fed a t  relatively high levels 
blecawe the diarrhea that. m y  results from high lactose cmitent 
d whey is checked by cleavage of lacltose in60 two hexoses. 
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3.3 Use of l a d e  in brdmaJcing 

About 358 million pounds of nonfat dried miilk went iinto 
the prduoticm of .bakery goods and prepared dry mks. The 
we, firnotid mle of dry milk cmponenbs, and mmufmturing 
skimdam of dairy prduots used in bakery goods were summa- 
rip& recently (Webb, 1963; Cotton, 1963; Swwtfiguer, 1963). 
Lachose can mt be fermented by yeast used in panary famen- 
tabion. Hydrolysis d lactose by laohse hlmever produces 
fwrnenta;bile gluoocse and nonfementable galactose, and con- 
tributes ito cmst aolor rthnough the W a d  rmcrtim. Brmne 
(1943), h c m d o n  with a study d using lactose present in 
milk products, followed the gassing power of the dough after 
adding a lactose fermenter, T m l a  cremoris, in addition to 
bakers' y&. Pre- experiments (Miller, 1961) i n d v -  
ing ,&he we d skimmilk powder and kctase d yeast origin 
held little prolmise for use in baking industry. Pouneranz et al. 
(1962), using dmghts c~mbinhg either hcbse  or milk pmp- 
aration studied the effect d bctases from fungi, yeast, d 
bateria (M bread i p d u ~ t i ~ o n  and quality. Expressed as an equal 
basis d B-D-gaIa&wiclaste aotivity, fungal lwtase mask effec- 
tively supplied femenkble g l u c ~ e .  This anas atbcihted to the 
low prH ophuan  of the fungal lac<kse (pH 4.5-5.5, cmpmed 
with pH 1.0-7.0 in hotenid lactase). The low pH d the lactase 
of fungal origin ( f r m  the Aspergillus myme,  niger group) 
seem Q be more omnpaItible with planmy femnenktim. As 
j,udg& f~oi?n gaojsing-power determinab& the rate of lachose 
hydrolysis was mrt influ~encd by a variety of l a c t o s ~ c m ~ ~ g  
suhiiraters (dry whole milk, nonfat dry ,milk, dry butter-milk, 
eikher roue - or spraydried whey). The rate of l a c b e  
hydrdsis employing 2 % l a c h e  (on 1a&ose basis) was slow; 
consequently, the &I& d enzyme suppleme03.tatiom would be 
expected to be mt pr(x10unced at the stage of proofing where 
the need for ~upplementation of fermentable sugars is greaatest. 
To enhance the a d o n  of lacks? on lactose hydrolysk, either 
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higher koels d enzyme might be emphy&, or longer proof, 
or proof .at high te1mpe1*atww. h o t h a  possibility would be to 
use a skimmilk powder hydrolysed prim to being incorpomted 
into &he dough. Test resdts i n d i ~ ~  .that, under adequate 
wditions, whey dried milk with kckase could be used to 
supplmmt ail bhe s3ugm in the f m u l a  and produce a bread 
d s~tisfaot,ory quality. Conversion of l a o h e  to mmwaccharides 
imp&& a deeper ~1109: to the crust d ithe bred, and likely 
wodd affect the bread's toasting quality probably by pronolunced 
browning of hhe nonfermentabb galactose (~Pmeranz et al., 
1962). 

M&lk is wed dn !many countries for its a d n o m i d  contribution 
to food, land in many of these ~ o o ~ ~ i e s  m ~ugar  is empdoying 
in bread 50lr~:&s. Consequenkly, *he b r a d  is compact, has a 
pale crust, and is less pala;t;able. Bakers, by usbg lackwe in 
hea.d, cmhlining milk solids could produce a rime accept- 
able lo&. 

Enzpme-hyidroly~ llaotose offers pohentiaJliities for convert- 
ing the dimc&mide b a l a t u x e  of much sweeter hexoses. The 
enhanced bowing resulting from cleavage of lactose might 
impmve hhe color of fried foods ( s d  as p&b cbips, c m  
curls, lor tshilar party snacks). The hydrolyd lactose might be 
used to assure uniform calm in the mmufaoture d k e g  
f a  fried meats, seafoods, podtry, etc. The preliminary report 
by J3mm.e on hhe p~oductim d ethyl alcohol from the fernen- 
batiom (of hci50s.e in whey was published in 1941. Rogosa et al. 
(1947) ~ c & d  tmt (extensive investigations with lactose-$%me&- 
ing yeasts in search of a feasible meam of utilizing whey f a  
ethanol production. Yields d &&ol averaged 90.73 % of the 
lactose when TmuEa memoris was used. It has been shown, 
however (Fbgosa, 1948), that enzypuatic hydroiy& of lmtose 
is not dmy~ a prerequisite for the femen~htion of laotuse. 
A nlurmbr d y w t  mecies w a e n t  botose directly. Whey 
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can be used as a medium for rapid production of a yeast 
suitable to supplement human and animal diets. This can 
be accmpkhed either by the growth d lacbase-utilizing micro- 
organisms such as  Saccharomyces fragilis (Wasserman, 1961; 
Wassemm, let al. 1961) or by enzyma~cally-hydrolyzed lactose 
in whey for gsowth of lactasecleficient yeasts. Wasseramn et 
al. (1961) desmibed results obtained by propagating yeast in 
cheese whey in 750 gal. aolruunes. An estimate was given of the 
om& of operating a yeast plant producing 2,5 ton d dried yeast 
per day. The result showed that Saccharrcmtyces fragitk growing 
in 250-gal. volume of cheese whey waste could remove available 
l a o w  from bhe medium and m r t  it itio new yeast matter. 
Graham et al. (1953) investigated the possibilities of using 
various yeasts for increasing khe food value d cheese whey. 
Four yeast cultures were studied: Torub cremoris, Caazdida 
c m e i ,  T m b  utilis, and Tomla utiZis thermorphilus. Of the four, 
Torula  rea anon is showed most promise when grown under 
simulated cmmercial conditims . Labratiory-scale f ementation 
of whfey was acmmplislhed with T. c ~ m o r i s .  The objectives of 
fenmeatation were ~ ~ f o ~ d :  a)  to remwe lactose in order to 
facilitate druandryhg; b) to increase rthe nutribiod d u e  of 
whey by yeast synthesis d p o t d s  ELIXI vitamins; and c) to 
develop la method d whey disposal that would be profitable 
to the cheese industry. The wnventimal concentration of whey 
to a I c y w ~ ~  hi.gh-nutz?ient feed, by drying on an ahnospheric 

dryer, is cheap but has several dmwSra~cks. Heat from 
the &uim cause5 tihe lactose to caraanelize and fmm a sticky, 
gruoxlrmy mass $hat rolls up on the blades. The dried product is 
very hygroscopic md knds to cake during storage. Whm cheese 
whey was fermented in a vacuum pan by Tomla errnoris, the 
laotme was depleted sufficiently to peranit dryio3.g m roller 
h. A nonshygrm~cqic powder w a ~  produced con-g 39 % 
pr&ein, 19 % fak, 30 % anined matter, and 12 % nitrogen-free 
extract, on a moisture-free basis. The product as  shown (Bell 
et al., 1954) to possess more protein, fat, thiamine, riboflavin, 
calcium, and ph31spbom than skianmilk. When it was used in 
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conjunction with a heat-oats ration, its protein supplementary 
value was equal to  that of dried skimmilk even though its 
methimine contenit was apparently lower. 

Ye&-whey m k e d  with dried brewers' y e a t  as a vitamin 
source except far &mine. The sbulaitiolg gmwth effect of 
lactase formed by Streptococci grown j,ointly wibh yeast has 
been reported by Geimberg (1956). Micological synthesis of 
fat from whey was studied by Wise and Woodbine (1959). 
Utilization 'of lacatose and production of fat f m  whey by 
AspmgiUus ustus and PmiciZ1u.m oxalicum were higher in shaken 
than in s t a ~ ~ m m y  cdkures. The oppwite effect of shaking was 
observed with cultures of P. frequentus and P. notaturn. A. 
ustus utilized up to 96 % of the lactose present and produced 
17 g d mycelium containing 13 % protein and 28 % fat of 
whey. Lmddin (1963) reviewed ethanol, buQn01, ac&cme, and 
lactic acid fermenltiations based in whey lactose utilizabion and 
prductioa of yeasit from whey. 

3.5 Rate and extent of h c t m  hgdrolgsis under practical 
co~itioozs 

One of the major cmsidemfions in evaluating the feasibility 
of using laotases in hydrolyzing lactose is the rate and d e n t  
to wlhich the $isoLcchQllide is cleaved. Unfotunately, published 
data iiol this field are very limited, and have been obtained 
primarily with yeast lactases. Potter and Webb (1951) found 
that up to 38,5 % of lactose present in a skmtnilk solution 
was hydrolyzed at 30C, and o p b m  pH, within 4 hoturs, using 
3 % d yeast Lacbe (expressed on Lactose basis). hcubation 
under comparable conditions at  45OC increased the yield of 
hydrolyml lactose to 52.7 %. Employing another preparation 
of yeast l a c h e ,  Sam!pey amd Neubeck (1953) found that 21,6 % 
of the lactose present in a bufferred 10 % sddultion of lactose 
hydrate was hydrolyzed within 60 minutes by 3 % of the enzyme 
at 45C. In sk;im&, 26 % of the lactose was hydrolyzed in 
4 hours at  42%, using 1 % of enzyme based on the weight of 
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lactose. At omcentrations between 1 and 5 % (based on lactose), 
the latter yeast lwtase (Labee, 1962) will hydrolyze about seven 
times its weight of lactose per hour at  4W. Hydrolysis proceeds 
mpidly to 50 % more slowly to 70 oh, md is negligible beyand 
75 % conversion. 

4. NURITIONAL VALUE O F  WHEY 

The situation is, however, somewhat different with whey. 
Whey is the fluid separated from milk or skirmnd milk in the 
process of making cheese or casein. Its compo&ion vmies 
slighly with vrigh, but an average cmpositim of whey frm 
Cheddar and smar cheese is given in Table 1. World cheese 
production is increasing fairly rapidly with a corresponding 
increase in whey production, as shown in Table 2. 

Using once m.me the recocmmendations elf the BMA Corn- 
mitbe on Nutrition (1950) the wmld whey production, of 70.7 
znillirn tons (1973) could provide prokin for the yearly needs 
of 20. 36 x 10' men. The UK produced only 58 % of its 1973 
cheese requirements, but this involved the productian of 1.5 
million tons of whey which could provide protein for the early 
needs of 432,000 men and calories for 361,000 men. 
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TAiBltE 1 

Cmpositiom of liquid whtg 

(mount per 100 g)  

I t m  

Water 
Crude protein (Nx6.25) 
True proteiu (Nx6.25) 
Fat 
Lactose 
Ash 
Calcium 
Phosphorus 
Iron 1 ygy 
Ri_bflavin 
Niacin 
Ascorbic acid 
Food energy 

Liquid Whey 

- 
10 m 
0 .mg 
0.14mg 
0.1 mg 
- 
26 kcal 

Source: Composition of Foods, Agricultural Handbook No. 8, USDA, 1963. 

5. WHEY PROCESSING 

5.1 <cCronventionab whey processing 

Ik follows from these figures that a majar aim d the dairy 
industry, in prdueing 5 d  from waste must ble the utilization 
of whey. This is already achieved to a oonsiderable extent by 
what might be termed oonvmtiionlaI technobgy, including drying 
to whey powder, lactose extTactioll and direct feeding to animals. 
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TABU3 2 

Estimated world wJwg p~oduction (' 000ton) 

(estimated at 8 kg and 5 kg whey per kg d cheese 
and cottage cheese respectively) 

USA 
Canada 
Belgium-Luxembourg 
Denmark 
France 
Germany, Federal Rep. 
&eland 
Itah' 
Netherlands 
United Kingdom 
Total Western Europe 
Australasia 
Other developed countries 
Total developed countries 
USSR 
Eastern Europe 
Total developing countries 
Total World 

Of these, whey powder production is the most important 
single factm. Whey powder production in 13 cmt r i e s  is shown 
in Table 3. Most of this whey powder has been used in animal 
feed except in the USA, wheze the uae d dried whey for 
b- food accounted in 1973, for 53 % of Ma1 US whey 
powder production; uses included baked goods, ice cream, 
processed meat !and pmocessed cheese. During 1973 and the early 
part of 1974, world prices for whey powder increased rapidly 
at a b e  when prices for animal feed's were abo rapidIy increas- 
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ing. More recently there has been a sharp fall in price which will 
discourage expansion of powder mnufactwe. 

The simplest means elf utilising whey is to feed it directly 
to pigs. Large quantities are wed in this way (fm example, in 
the UK approxim~ately 40 O/o d production is used in this way), 
but higher &insport, costs, considerable seasonality of s w l y  
and poor storage properties make it comparatively unattractive 
to khe pig farmer and therefore comparatively unprofitable to 
the whey supplier. Lactose extraction is another well-estab- 
lished use for whey, with the mother liquor from the extraction 
being dried and used in animal f e d .  Uses for lactose, which 
include p ~ a c e u t i c a l s ,  are however, fairly limited and little 
marked expansion is likely. 

mey-basd beverages have achieved modest popularity in 
a few oountries but are unlikely to be users d major quantities 
of whey. 

TABLE 3 

Whey powder productim (' 000 tons) 

USA, total 
of which for food 
Canada 
EJx 
of which France 

Netherlands 
-any 
U. Kingdom 
Belgium 
Others 

Austria 
Finland 
Total 13 countries 

1973 

- 
338 
17% 
24 
389 
170 
99 
66 
15 
9 
30 
11 
17 
779 

whey drying 
as % of tota 
whey wvly 

1973 

40 
- 
36 
30 
39 
53 
26 
I5 
55 
6 
6 
65 
34 
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5.2 <<Unconventional>> whey processing 

There has been a recent upsurge of activity in mncon- 
ventional>> whey treatment, but bridging the gap between 
<conventimala and amconventional> treatment is deionisation 
genemlly by electrodialysis or, less comm~only, ion exchange. 
Deionised whey powder is now fairly well established and finds 
its major outlet in the baby food industry fm the production of 
so-called h~an~ILised baby foods. It is normal practice to reduce 
inorganic mstuenks by a b u t  90 %. 

The <amwentimala process of gel filtration, ion exchange 
and dhfi l tmtion aim a t  extracting the prokin froan whey in 
undenatwed bolrm. True protein amounts to about 0.60.7 % in 
whey. It has an excellent -0 acid spectrum, as show in 
Table 4. The undenatured form proteins also possess functional 
properties d high solubility, ae~ation, head gelation ad stability 
in acid soluticm. These functional properties indicate use in the 
flm and sugar confectionery indu{stries, in the soft drinks 
industry and, in respect d the excellent nutritional value, in, 
for example, W y  foods. 
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TABLE 4 

Amino acid cmpsitian of whey pmtein 
obtained bg ultmfiltration 

Amino Acid 

Lysine 
Histidine 
Arginine 
Aspartic acid 
Serine 
Glutarnic acid 
Proline 
Glycine 
Manhe 
Cystine 
Valine 
M ethionine 
Isoleucine 
Leucine 
Tyrosine 
Phenylalanine 
Tryptophan 

5.2.1. Gel filtration 

Gel fjlitratbn has now reached the stage d a large pilot 
plant bar muveery of whey ,protein. The process uses a moss- 
linked dextran gel in a co1mn.n :through which the whey is 
pla~sd. The smaller anolmdes, minerals ancl laclitolse are 
entrained in ;the dextrm gel anere readily than the protein 
moledes, land on elubion gd khe oolulrrm with water bhe pmtein 
fraction eIutes first, foHowed by lactose and then minerals. 
There is no concentmticm during the process. 
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A description of ion exchange used for protein sholws i t .  
possibilities as a process for treatment of whey with the 
potential advantage ave~ ult,rafiltrakim, by producing a better 
sepmation of p~~o'kin from other constituents, but the disad- 
vantage d achieving a lesser ooncen1trakio.n of protein. 

UltraCilrtrati~n is at present the most promising af the 
nn9thods for exQa&m of protein f m  whey. Ultrafiltration 
md ,the closely related technique of reverse osmosis are 
membrane processes in which a SlUid, in this case whey, is 
ap@ied under pressure to a selective membrane; in the case 
d cewx5e osmosis, water, and in the case of ul~Mil;traMm, 
W L ~ X  d solme smaller ~nolecdar weight solutes pass through 
the membrane. Thus, in the case of reverse osmosis, all solutes, 
and in ,the case d ultraifilkahion, solutes not passing through 
the membrane are cmce&rated. A practical problem in these 
a n ~ ~ n e  techniques ist membrane polarisation, the build-up 
at ,khe r n m h n e  slurface of slolxite concentration as the result 
of ~assaige of solvent, throw& the membrane. This reduces 
flu through the membrane and means are provided in all 
ultrafiltration and reverse osmosis equipment .to avoid stargnakiw 
of f l r l  at khe membrane swface either by wing highly turbulent 
flow cmdritim GLCTOSS the membrane or by laminar flow in 
short passes with frequent shear of the fluid. 

Ult~afiltratim plants for use in the food indu6ta-y have 
membillanes cast internally in t u b  or in flat plate form, 
roughly mal'ogcyus to a plate heat exchanger. 

A second practical problem is that of ensuring good microbio- 
logical quality. A merit d dtrafiltmtion is that concenhrabion 
and separation occur at near-ambient temperatures, and therefore 
denaturakim of protein with consequent impairment of fmctioml 
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properties is avoided, but by the same token the hazards of 
microlbiologiaal spoilage are increased. The hazards are mitigat- 
ed by avoiding operation in the temperature range of most 
napide growth (in general, the range for mesophilic organisms), 
by reducing residence time in the plant to a minimum, and 
by hygienic plant design. In practice, phnts operate a t  about 
10°C or about 50C, the labtar having the advantage that flux 
rates, bekg temperaturedependent, d l  be significantly higher 
a t  50°C khan at 10C. 

Thae  are three possible modes of operation of ultrafiltra- 
tion plants: as a blatch prwes6, as a straight-through plant 
a d  as a series of recirculation loops with a bleed from one 
loop to the next with increasing concentration in the successive 
l q l s  until the final one which operates at the desired find 
concentration and form which the product is bleed. Batch pllants 
involve undesirable long residence times. Straight-through plants 
are not yet feasible because of the di5ficulty of avoiding 
mmbrane polarisation with this configmation, and consequently 
mask plants are built with i n t m d  recirculation bop5. A tubular 
plant <of 10,000 gal/day capacity with two recirculation loops 
has been ins~talled by the ?Uilk Marketing Board. The degree 
of concentration which can fairly re~di ly be achieved by whey 
dtnafiltration is between 25 % and 30 % s'olids, of which ablout 
t w ~ t h i ~ d s  is protein; this represents a concentration of the 
original protein of between 24 and 29 times. The prapartion 
of protein to other solids can be increased to a level approach- 
ing 100 % by adding water to the concentrate followed by 
further omlcentration in an ulbafiltratim plat .  Concentrate 
is normally s p a y  dried. 
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CONCLUSIONS 

The wmld whey producion could provide prcneln ror yearly 
needs of 20.36 x lo6 men. 

Lactose loccurs in milk, either free or in the form of lactose 
oontaining oligosaccharides. 

Concentrated sources of lactose are nonfat milk powder, 
buttemilk powder, dried whey, and crystdine lactose. All those 
are by-products d the milk industry. Despite the versatile 
applications of lactose concentrates in a variety of food and 
non flood products and processes, utilization of the byiproduots 
is far from satis6actory. Cheese makers have been plagued for 
a long & h e  with the disposition of whey. Channelling of untreated 
whey into streams fields, or sewers is b e d  by law in many 
s t a h  shoe it kills fcish and is odoriferous and its scab like 
crust draws flies. S h a m t  et al. (1959, 1962) have investigated 
the use of whey as a source d plant nutrients. 

Results have been promising, but bhe procedure has been 
tested con an experimental scale only. 

The hcmporatim d lactose along with the enzyme lactase, 
has been s h m  $0 be d definite advantage in a number d fwd 
Wuskies. hprovement on fori~ll~ulabions, processing techniques, 
simplification of handling, improvement of storage potentialities; 
of nutritional vdue, and of quality of the final product might 
create an increased market fcr lactose and stimulate the pro- 
duction of new fwd products. 
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