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ABSTRACT

Whey disposal problems in the United States have increased
over the past twenty years. Few economically attractive options
are available for whey utilization.

The Cornell FExcretion System (CES) uses a genetically
engineered cell to produce plasmid-encoded proteins in a two stage
continuous flow reactor system. The host has been E. Coli RB791
with a pKN plasmid. The target protein gene is under control of
the tac promoter, which 1is induced by lactose. Experimental
systems have demonstrated the feasibility of continuous production
of the (6 -lactamase enzyme, at high levels (30.5 g/1), with high
levels of excretion (>90%), and high purity (>50%). Induction of
the tac promoter leads to increasing plasmid copy number and to
eventual cell death. Mutants not responding to induction have a
selective advantage. However, lactose (because it is both inducer
and carbon/energy source) would prevent the formation of such
mutant.

Enzymes have much higher economic value than products from

previously proposed whey utilization schemes. A plant that
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produces commercial enzymes using the CES, and lactose from whey
permeate was designed at six different scales (0.013 million
pounds of milk permeate per day, and 0.50-1.03 million pounds of
whey permeate per day). Based on molar production rates (0.5
fraction of molar rate), yield factors (150 units of -
Lactamase/mg cell, 0.35 g cells/g lactose), and other assumptions,
profitability and sensitivity analysis were performed. Under the
hypothesis that the plant would produce Bacillus protease, glucose
isomerase, and calf rennet for 65, 30, and 5% of the total
operating time, rates of return of 0 (milk permeate scale) to 26-
35% (whey permeate scale), and total capital investments (TCI) of
6.4 (milk permeate scale) to 56.6-90.9 (whey permeate scale)
million dollars were obtained. When it was assumed that the milk
permeate scale was producing calf rennet for 100% of its total
operating time, a rate of return of 73%, and a total capital
investment of 6.4 million dollars were calculated. It was
concluded that there are economic incentives for the determination
of the behavior of the CES when using lactose as an inducer to

produce such enzymes.
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Enzymes have much higher economic value than products from
previously proposed whey utilization schemes. A plant  that
produces commercial enzymes using the CES, and lactose from whey
permeate was designed at six different scales (0.013 million
pounds of milk permeate per day, and 0.50-1.03 million pounds of
whey permeate per day). Based on molar production rates (0.5
fraction of molar rate), yield factors (150 units of & -
Lactamase/mg cell, 0.35 g cells/g lactose), and other assumptions,
profitability and sensitivity analysis were performed. Under the
hypothesis that the plant would produce Bacillus protease, glucose
isomerase, and calf rennet for 65, 30, and 5% of the total
operating time, rates of return of 0 (milk permeate scale) to 26-
35% (whey permeate scale), and total capital investments (TCI) of
6.4 (milk permeate scale) to 56.6-90.9 (whey permeate scale)
million dollars were obtained. When it was assumed that the milk
permeate scale was producing calf rennet for 100% of its total
operating time, a rate of return of 73%, and a total capital
investment of 6.4 million dollars were calculated. It was
concluded that there are economic incentives for the determination
of the behavior of the CES when using lactose as an inducer to

produce such enzymes.

1. Introduction, Scope and Methodology.

Milk and whey permeate are 5% lactose solutions mostly discarded
from cheese manufacturing plants (figure 1.1). Their pH and

mineral concentration depend on the type of cheese that is



produced. Over the last twenty years whey production in the United

States has increased principally because of two trends:

i

® Increase in cheese consumptionl. In 1989, total cheese
shipments were 13.5% bigger over the prévious year. Such
increase is associated with higher pizza consumption which uses

mozzarella cheese as principal ingredient?2,

¢ Decrease in milk consumptionn3: (1)..
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Figure 1.1 Permeate Sources Flowsheet



In the US, roughly 45% of the whey produced is wasted?. The
preferred disposal methods are open land discharge and sewage
dumping. The first is limited by land availability within 20 miles
of the cheese plant, which is regarded as the maximum hauling
distance for keeping costs under control®. Any affluent with
Biological Oxygen Demand (BOD) greater than 200 requires a
surchargé in municipal sewage plants. Whey has a BOD greater than
30,0006. The problems with the sewage option are increasing
surcharge (in some cases they have doubled or quadrupled), and the
failing of the treatment plants (most of them malfunction at least
once a year and for 25% of the time are less than 75% efficient”.

The Cornell Excretion System is considered a feasible way of
producing proteins. It consists of E. coli (RB791(pKN)) with the
tac (hybrid trp-lac) promoter, which is induced by lactose analogs
such as isopropyl §-D-thiogalactoside (IPTG). After induction, E.
coli can not normally synthesize outer membrane proteins and
becomes leaky. That leads to high levels of protein excretion
(table 1.1). The leaky phenotype results from increasing plasmid
copy number and leads to eventual cell death. These mutants growth
normally and produce no product8:9:10, Although the two stage
system circumvent this problem, the potential use of lactose is
attractive since it would act as both inducer and carbon/energy

source, which would further suppress the formation of mutants.



Table 1.1 The Cornell Excretion System

Basis: Induction of selected strains reduces the rate of outer membrane
proteins synthesis, which leads to enzyme excretion.

Characteristics:

Extracellular Protein Concentration: > 0.5 g/lit
Purity: 50%
Operation: > 50 days
Expression Level: 25% of cellular protein
Excretion: 90% of B-Lactamase
Reactors: Two stage chemostat
Mutants: . < 0.1% in second fermentor

Strain: RB791(pKN)
Inducer: IPTG

Promoter: tac
Medium: glucose (2-4 g/iit) in Tanaka Me.

Experimental data of the CES is only available for IPTG as
inducer under certain conditions. Given the lactose over
production mentioned above, a plant that utilize it as inducer in
the CES for the manufacturing of high volume proteins is very
reasonable. It would convert part of the lactose into glucose and
galactose to use them for cell growth. A simplified flowsheet of

such plant is presented on figure 1.2.
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The scope of this project was to:
® Design a plant that would produce commercial enzymes using the

CES and whey permeate as feed.

® Find out the profitability and perform sensitivity analysis on

such plant.

* Determine if this is a feasible alternative for dealing with

the whey disposal problems in the United States.

2. Lactose Hydrolysis.

The Corning Hydrolysis system was selected for the lactose
hydrolysis. It was the first commercial process for such purpose
available in the United Statesll. Its good performance has been
demonstrated at pilot12’13and at industrial scalel$15, 1t
consists of an immobilized lactase reactor operating from 35 to 50
°C to maintain constant conversion. To increase its operating
life, the whey is ultrafiltrated and demineralized. Since the feed
of the plant is permeate, the UF step is unnecessary. The proposed

flowsheet is shown on figure 2.1. The streams are detailed on

table 2.1.
Table 2.1 Streams' Flows and Compositions
(Lactose Hydrolysis System)
(Scale: 0.5 Million Pounds Whey Permeate/Day)
pH T(etg;). Glucose Gal;lcgso Lacto;;e NaOH ) Flow
0
. (o) ( QL) (% -wiw)  (kghr)
Stream -
P ~6 50 0 0 47 0 10732
H1 1.7 50 0 0 47 0 - 5366
H1* 3.5- 35-50 23.48 23.48 23 -, - 5374
H1" 35 3550 23.48 23.48 2.35 - 4729°*
H2 1.7 50 0 0 47 0 5366
H2' 1.7 50 0 0 120 0 2100
H2" 1.7 60 0 0 120 0 1848°
* The lactose hydrolysis system would work 21 hr/day and the fermentation
system 24 hr/day. :

- Not calculated.



