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INTRODUCTION

Whey resulting fyem cheese making is quite a .
nutritiofff medium for lactic acid bacteria growth, Be-
gides it contains some other components whichk could

be%fomfbindustrial use... eg lactose whey proteins....etc.

lloreover, approximately 9 kg of whey remain after
the manufacture of each 1 kg of hard cheese. According
to this informaticn, the total production of whey from
hard cheese in Egypt can be estimated by about 3258 tons
per year based on the annual hard cheese prbduction which

amounts to 362 tons (Egyptian commercial Chamber, 1970).

Thus, there is =& conaiderable volume of whey which
should be made of instead ofddsposed of as waste whey has
been suggested as & substrate for use in the manufacture
of yeast, alcohols, lactic acid, vitamine, acidic end
alcoholic beverages, vinegar and other fermentation pro-
ducts. 3Some of the suggested uses have found substantial
commercial acceptance, whereas others have remained & labe-
ratory curiosity. Use of whey as & substrate for fermenta~

tions industarv has at*rect-’ Jdairv geientists and dairy




products processors and others who have been faced with
the problem of converting the raw material into useful
producte waich can be manufactured and m&rketed on pro-
fitable besgis. Production of lactic acid from fermenta-
tion of whey mey be considered as an important process
since a useful product (lactic acid) can be obtained from

one which often is of little economic value.

The composition of whey indicates that lactoge is
the principle carbohydrate to be fermented. Consequently,
the availability of a microorganism cepable of carrying
out the desired fermentation may impose & limitation on
the suitabilitis of whey &s a substrate., The microorganiam
used must be &8ble to utilize lactose, Also, the great
hindrance to whey utilization in some fermentations is the

low concentration of nutrients in whey.

Although whey contains a variety of galts, it is
deficient in manganacse which markedly improves the growth
and activity ¢ cortain lactic acid bacteria (Demeter, 1249),
In addition, whey is deficient in inorganic nitrogen com~
pounds which must be added or furnished if certain fermenta-

tions are to be proceed satisfactorily., Growth and acid




production from whey by lactic acid bacteria &re greatly
affected by the level of protein present (Ritter, 1953)
Addition to whey of malt sprouts or extract, various yeast
derivatives, extracts of liver, feces, (Rosell, 1949) acce-
lerates the fermentation, with these facts in view, this

work was planned to study

1) The effect of fortification of whey with some
additives as well as treatments of whey with certain pro-
teolytic enzyme on the growth and lactic acid producition

by Lactobacillus bulgaricus,

2) The recovery and properties of the resultant

lactic acid,

+

forementidned conditions.




REVIEW OF LITERATURE

Lactic acid, or alpha-hydroxy propionic acid (GHB-
CHoH.CooH), asg an unnamed component of soured milk must
have been known in human experience since the days when man
wag first had his flocks and herds. Its true nature was
discovered by Scheele, who isolated and identifed it as

the prineipal acid in sour milk in 1780,

Lactic acid was first discovered as a fermentation

product by Blondeau in 1847,

It has commercially been produced in the United
States for .many, first by Chales E. Avery, at Littleton,
Magsachusetts, in 1881 (Garrett, 1930) in an attempt to
méke calcium lactate which was to be used as a substitute
for cream of tarter in baking powder. This first venture
was unsuccesaful and the development of industrial applica=-
tions in leather, textilem, food and solvents did not start
until leter. Lactic acid production was likewige developed
in Europe and, for many years, much of the highest grade
acid used in the United State was imported from Germanj.
Improved processes in purifying crude acid in the United
States, however, had effectively stopped this importation

of Germen acid well before World II.




A Microorganisms uged :

W anrt g it o

Since lactose is the carbohydrate to be fermented
in the whey, the microorganisms used must be able to
utilize lactose., Several worker (Burton, 1937, Johnson
et al. 1937, Campbell, 1953 and Fogter et al. 1961) repor=
ted that the culture best suited for production of lactic

acid from whey is Lactobecillus bulgaricus. It is homo-

fermentaiive and is able to convert over 90% of lactose to
DI~lactic acid. This culture grows rapidly, particularly
at 45° to 50°C, and can ferment a11 the lactose in whey to

lactic acid in about 40 hours.

The growth of many cultures of L. bulgaricus is en-

hanced by associative growth of Mycoderma sp., & film-~-forming

vefat, (Vilemon, 1948 and Swelby 1945).

Stock cultures of these micro-organisms are usually
carried as mixtures of the two types. There are large dif-
ferences in the suitability of various strains for this

fermentation,

Therefore, strzin having the ability to give the

highest yield of lactic scid in shortest time should be




selected. Algo, the strains cen be selected to accomplish

this without agsociative growth of the film-forming yeast.

Howeyer! other organisms suggested for this fermen-

tation are L. acidophilus (Havletko and Knez 1959; Maxova

and Mexa 1958; Siman and Mergl 1961); a strain of L. delb-
rueckii which was adppted to ferment lactose (Rosell, 1949),
a gtarter consisting of 3 gtrains of L. lactis, 3 strains

of L. bulgaricus and one strain of Streptocogcus thermophilusg

(Sﬁrazynski et al., 1967) and, a mixture of L.lactis and

L. bulgericus (Poznanski et al., 1973).

Mention should be made thet there are verieties of
micro-organisms used for production of lactic acid from
other rew materiels. For example, production of lactic acid

from starch by L. thermoohilus (Kitahara and Ishide (1949,

1952), wood sugar by L. pentoaceticus (Allgeier, 1929; Fred

and Peterson, 1921), Sulfite wagte~liquor by L. pentosus

(Fries, 1949) and from dextrose solution containing MgSo4,

KH2 Po4, Ca003 and urea by Rhizopus oryzae (Ward et al. 1933,
Bernhauer et al. 1950).
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B .Froduction of TLactic acid from whey

The whey which is the by-product of cheese industry
containg about 50% of the milk solids (Van Slyke and Price,
1952). However, the composition of whey is variable because
cheese making prosedures end milk composition are not con~
stant. Whey resulting from the menufacture of cottage or
cream cheese contains more lactic acid and correspondingly
lesgs lactose than does whey from Cheddar or Swiss cheese
manufacture (exrth, 1970). Moreover, Foster et al. (1961),
reported that the nutrients present in whey in addition to
the lactose usumlly are sufficient to supply the nitrogen,
vitamineg and other growth requirements of the selected cul-
ture for fermentation. Therefore, whey is congidered a
potentially importent raw materiel for lactic acid fermenta-~
tion. This was algo based on the quantity of whey produced
from cheese industry which can be estimated by about 75-90%
of the amount of milk used in this industry. Furthermore,
Cable (1971) reported that production of lactic acid from
vhey ma&y be economically feasible as o means of whey utili-
zatlion in Australian cheese and casein factories, provided
on adequate merket is developed and cheaper methods of puri-

fication are applied, Marshall (1970) estimated that a daily
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alkcli, guch og calecium hydroxide, at o high temperature
cnd presgure to produce lactic zccid, Another interegting
method for the synthesis of lactic acid is the heating of
carbon monoxide and acetaldehyde in the presence of sul-
furic ccid ot 130° to 200°C under 900 ctm. pressure (Loder
1942), In addition to these novel methods for prepcring
lactic ocid, there are severtl classical methods such as
1) from acetaldehyde and hydrocycnic acid, 2) by action of
nitrous zcid on alcnine, 3) by oxidation of propylene

glycol ahd otherg.

¢, Recovery of loctic ceid @

The recovery of lactic ceid depends greatly upon the
extraction cnd purification technigqwes used.  The first step
in recovering the lectic (i.e. caleium lactote) is to od-
just the fermented whey to pH. 7. The whey is then heated
to coagulate the whey proteing: the precipitate is filtered
off. ilarth (1970) reported two methods for the recovery‘of
lzctic zeid. In the first, cclcium loctote is immediately
converted to lactic tecid by addition of sulphuric acid, GaSo4
(which wee fofmed) is removed by filteration, and the liquid

is concentrated in &2 vacuum pan to the desired strength of




