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Objectives
1. Develop a controlled engineering process for the biotransformation of island agricultural
fruit processing waste into useful, high-protein content.
2. Evaluate the effects of processed product as a feed ingredient on growth survival of
shrimp.
3. Assess the cost-effectiveness of using a processed product as aquatic feed ingredient.

Anticipated Benefits
The development of a biotechnical process for engineering production of value-added island
agricultural fruit processing waste is expected to greatly aid the recovery/reuse of organic waste
nutrients with advantages, such as: fast sterilization, low cost, simple operation, easy recycling
of fruit waste with no objectionable odor or sanitation problems, non-pathogenicity, and better
protection of the environment. This process will help fruit processing owners to avoid pollution
and environmental health risks. Also, more important, the success of bio-transformed PPW
value-added products as alternative feed ingredients for shrimp will help ensure safe farming
and a reduction in expenditure on feeds, which in turn will help bolster the prosperity of the
aquaculture industry. Consequently, net public and private benefits will result from the success
of this proposed technology.

Work Progress and Principal Accomplishments
Year 1
Objective 1. Develop a controlled engineering process for the biotransformation
of island agricultural fruit processing waste into useful, high-protein content.
For this objective, two laboratory-scale units with 14–L and 165–L bioreactors were installed and
tested for the necessary biotransformation of papaya processing wastes (PPW) into biomass with
enriched-protein content. Preliminary accomplishments have been made, such as determination of the
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necessary pretreatment method, nutrient requirement and mass balance of each parameter. Study in
the areas of optimization of growing condition, development of bioprocess kinetic parameters,
investigation of criteria for mass production using semicontinuous operation are in progress. For more
details on findings, see the Year 1 section of the Appendices at the end of this report.
The anaerobic production of lactic acid bacteria using papaya processing wastes was just initiated
at the end of Year 1. If it shows some progress/promise, it requires further development of
growing condition, nutrient requirement, bioprocess kinetic parameters, and necessary design
and operation criteria for mass production.
Objective 2. Evaluate the effects of processed product as a feed ingredient on
growth survival of shrimp.
Part of the yeast products from papaya wastes has been sent to the Oceanic Institute for the
component analysis and shrimp culture feeding tests. The impact these bioprocessed products
have on body weight and survival rate will be evaluated in the next project period.
Objective 3. Assess the cost-effectiveness of using a processed product as
aquatic feed ingredient.
This objective is scheduled in Year 2 activity.
Year 2
Objective 1. Develop a controlled engineering process for the biotransformation
of island agricultural fruit processing waste into useful, high-protein content.
Two laboratory-scale units with 1-L and 10-L bioreactors were installed and tested for the
necessary biotransformation of papaya processing wastes (PPW) into the biomass with enrichedprotein content. Preliminary accomplishments include the determination of the necessary
pretreatment method, nutrient requirement, and mass balance of each parameter. Additionally,
studies in the areas of optimization of growing condition, development of process kinetic
parameters, and investigation of criteria for semicontinuous operation for mass production were
all completed.
A fraction of the yeast products from the papaya wastes was sent to the Oceanic Institute, and impact
on body weight and survival rate using these bioprocessed products has been preliminarily evaluated.
These results reveal that the bioconversion of papaya processing waste into protein enrichment shows
a promising solution for cost-effective feed supplementation and pollution control. The batch process
is able to remove more than 70% of SCOD after 8–12 h of reaction using blended PPW slurry as
substrate. The maximum specific growth rate and saturation constant are 0.1366h-1 and 54,130 mg
SCOD/L, respectively. Detailed results are presented in the Year 2 section of this report’s Appendix.
The biokinetic parameters in a batch operation provide guidance for the operational criteria in a
continuous-flow system. The monitoring of pH, ORP, and DO during yeast growth can determine
the required reaction time in batch operation. The control of pH and DO is necessary to maintain
optimal growth conditions for a higher protein yield in continuous-flow operation.
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Objective 2. Evaluate the effects of processed product as a feed ingredient on
growth survival of shrimp.
The Oceanic Institute’s nutrient analysis of the bioprocessed product showed 40–50% crude
protein with various nutrients. The results of the shrimp feeding trial indicate that the bioprocessed
PPW product has favorable potential as an aquaculture feed supplement. Further studies in
continuous- and semicontinuous-flow or fed-batch operation for higher protein yield and longterm observation of performance stability are required for cost-effective mass production.
Objective 3. Assess the cost-effectiveness of using a processed product as
aquatic feed ingredient.
Furthermore, a comprehensive cost analysis for both batch and continuous- and semicontinuousflow [if needed] operation requires further investigation. This activity will come later in the
project period.

Work Planned
During Year 2 so far, there has been a lot of personnel changes. For instance, Hsu-Ya Kang completed
her master’s thesis requirement on June 30, 2007, and she left this project on July 1, 2007. In addition,
a postdoctoral fellow, Varian Chien, Ph.D., who worked from May 1, 2007, to June 30, 2007,
completed her assigned post on July 1, 2007. Subsequently,. Melanie Neuman has been appointed,
starting July 1, 2007, for her master’s thesis research on this project. Since I, the principal investigator
on this project, am going to take a sabbatical leave from the University of Hawaii from November 1,
2007–April 30, 2008, the work for this project during that period will be as follows:
•

Further studies for the continuous- and semicontinuous-flow operation for higher protein yield
and long-term operational stability will be performed.

•

Economic evaluation of the feeding trial results will be conducted.

Moreover, I have requested and received a no-cost extension for this project through December
31, 2008. This extension will provide me with the time to recruit appropriate persons to continue
this project properly.

Impacts
Today, one of the challenges faced by Pacific island communities is that they often have to import feed
ingredients or complete feeds to maintain local animal production units for swine, poultry, beef, dairy,
fish, and shrimp. The cost of transporting shrimp feedstuffs to the islands often becomes more costly
than the value of finished animal products. In Pacific island communities, there are few or no feedstuffs
that are specifically produced as an ingredient for an animal/aquaculture feed. Therefore, the development
of a biotechnological process is encouraged as it would allow for engineering the production of feed
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ingredients containing beneficial microorganisms by using economical materials such as agricultural
byproducts to reduce production costs. Success of this research can help to meet challenges in the
new millennium for local producers in Hawaii and the American Insular Pacific, reducing feed costs
and increasing sales of locally produced products. Ultimately, project success will help lead to the
sustainability of Hawaii’s aquaculture industry.

Publications in Print, Manuscripts, and Papers
Presented
Kang, Hsu-Ya. 2007. Yeast from papaya processing wastes as aquaculture feed supplement.
Master’s thesis, University of Hawaii at Manoa.
A research paper generated from this research project has been presented at the 2007 CIGR
Section VI 3rd International Symposium: Food and Agricultural Products: Processing and
Innovations; Naples, Italy; September 24–26, 2007. It is currently under review for possible
publication in the Journal of Food Engineering.

Appendices
Year 1
Appendix A. Investigation of pretreatment methods of papaya processing waste
for yeast growth.
A1. Liquefaction pretreatment of papaya processing waste for yeast growth. PPW liquefaction
pretreatments of papaya processing waste (PPW) were carried out anaerobically at 30°C to
determine required reaction time for total chemical oxygen demand (COD) to be released into
soluble form. Chopped PPW with an average size of 10 cm3 and blended PPW with size less than 0.5
cm3 were separately used for liquefaction. The PPW to water to liquefaction seed ratio is 1:1:10%.
The result shows that the chopped PPW required one day reaction time to release 75% of TCOD
(Figure 1a). The blended PPW released about 72% of TCOD immediately after blending (Figure 1b).
Mixed slurry liquefied PPW and filtered liquefied PPW liquor were separately investigated for yeast
growth with 2% inoculum of baking yeast (Saccharomyces cerevisiae) (Red Star, USA), aerated at
room temperature (22±2°C) with 2-L working volume (Figure 2). The results show that for one day
reaction, about 93% and 84% of SCOD were removed and the products contained 35% and 30% of
protein in suspended solids for filtered liquefied liquor and mixed liquefied slurry, respectively. However,
the end product of liquefied PPW is not suggested as feed ingredients due to detrimental bacteria
concern (i.e., contamination).
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A2. Shredded pretreatment of PPW for yeast growth. PPW was blended with tap water to an
average solid size less than 0.5 cm3. The pasteurized centrifuged juice and the mixed slurry
were separately investigated for yeast growth with 2% inoculums of baking yeast aerated with
air and stirred at 200 rpm under room temperature (22±2°C) in a 14-L fermentor (New Brunswick
Scientific Company, NJ, USA) with 4-L working volume. The composition of PPW slurry is
shown in Table 1.
A2.1. Effect of additional nitrogen and phosphate source for yeast growth. The centrifuged
PPW juice with initial SCOD 5600mg/L was used as substrate to investigate the effect of additional
nitrogen and phosphate source on yeast growth. Ammonium sulfate and potassium phosphate
were added at a ratio of SCOD:N:P = 100:5:1. The results show that with and without N and P
addition, the required reaction time is 8h and 20h, providing the specific growth rate 0.0135h-1
and 0.00698h-1 , yield YSS/SCOD 0.5057 and 0.0859 and estimated yield of protein formation YSTN*6.25/
0.1391 and 0.07244, respectively. Without N and P addition, the required reaction time is
SCOD
much longer and the yield value is much less. The addition of nitrogen and phosphate is essential
for cell growth.
A2.2. Performance of centrifuged PPW juice and mixed PPW slurry for yeast growth. The
centrifuged juice and the mixed blended slurry with initial SCOD 5,600–5,900mg/L and nutrient addition
were separately investigated for yeast growth. The reaction provides 51–73% of SCOD removal after
8 h of aeration. The specific growth rate of centrifuged juice and mixed slurry is 0.0135 and 0.0130 (h1
), the yield of suspended solids (SS) growth to SCOD removal (Y SS/SCOD, ∆SS/∆SCOD) is 0.5057 and
0.5175, the yield of soluble total nitrogen (STN) removal to SCOD removal (Y STN/SCOD, ∆STN/∆SCOD)
is 0.02225 and 0.02225, the estimated yield of protein formation (Y STN*6.25/SCOD) (calculated by assuming
the conversion of STN into cell protein and multiplied Y STN/SCOD by a factor of 6.25) is 0.1391 and
0.1391, and the estimated yield of SS formation (calculated by assuming 40% of protein content in
product solids and divided Y STN/SCOD by a factor of 0.4) is 0.3477 and 0.3477, respectively. The results
show that the juice and slurry provide similar yield values for yeast growth. The slurry operation is
simpler and therefore is suggested for the pretreatment of PPW.
A2.3. Buffer effect (acetic acid audits salt) for yeast growth. The PH of blended PPW slurry
during aeration for yeast growth usually automatically maintained between PH 3 and 6 and
sometimes below 3.5 without any additional adjustment (Figure 3a, 3b). Yeast can grow well
between PH 3.6 to 6 and the optimum PH for growth is between 4.5 and 5. To maintain an
optimum PH value for yeast growth, the addition of acetic acid as buffer solution was investigated.
With the addition of buffer, the PH is maintained between 4–5 (Figure 3c). However, since
acetic acid contributes SCOD which can be utilized by yeast, the required reaction time for
similar SCOD removal is much longer compared to the substrate without acetic acid addition.
The feed analysis of bioprocessed PPW product without PH adjustment indicated that the product is
of appropriate nutrition with high protein content. Therefore, the addition of buffer is not suggested for
PH adjustment.

84

 Center for Tropical and Subtropical Aquaculture

Bioprocessing Pacific Island Byproducts

Appendix B. Required aeration time related to PH, DO and ORP curve.
In order to determine the required aeration time for yeast growth, PH, DO, and ORP were monitored continuously
during yeast fermentation. The results show that as PH decreases, ORP increases. The DO value increases
immediately as SCOD removal is up to 70% which indicates the end of required aeration time for product
formation (Figure 4).
Appendix C. Performance of different initial substrate concentration of PPW blended
slurry for yeast growth.
The effect of different initial sustrate concentration of PPW blended slurry for yeast growth was
investigated. The results show that substrates with initial SCOD concentration ranged from 5,600–
18,500 mg/L provide more than 70% of SCOD removal and 30–40 % of protein content in suspended solids
in 8–12 h reaction time (Table 2).
Appendix D. Kinetic parameters for optimal batch operation using blended PPW slurry
as substrate.
Kinetic parameters for batch operation using blended PPW slurry as substrate were determined as shown in
Figure 5. Mean values of vm and kS are 0.1366 (h-1) (ranged from 0.0904-0.2798) and 54,130 mg SCOD/l
(ranged from 100,654–59,090), respectively. To achieve the mean vm and kS value, for specific growth of
0.1h-1, the suggested S0 concentration is 145,440 SCOD mg/L. However, such high initial SCOD is not
practical for operation because high slurry medium is not favor for oxygen transfer and cell growth. Therefore,
based on experimental results, it is suggested to provide an initial SCOD concentration ranged from 12,000 to
25,000 mg/L with 8–12 h reaction time for blended PPW slurry in batch operation.
Appendix E. Effect of different air flow rate on batch operation.
Blended PPW slurries were used as substrate to investigate the effect of air flow rate on yeast growth in batch
operation (Figure 6). The medium of initial substrate concentration ranged from 15,000 to 16,500 mg/L SCOD
were supplied with different air flow rate (2.5, 5, 6.25, 7, 9, and 11.7 l/l/m) and stirred at 200 rpm in a 14-L
fermentor under room temperature (22±2ºC). The required reaction time decreases as air flow rate increases
while providing similar SCOD removal (70–75%) and protein content (26–30%). As air flow rate increases,
the specific growth rate increases. The cell yield values (YSS/SCOD, Y6.25*STN/SCOD, Y6.25*STN/SCOD/0.4) also increases
accordingly. For aeration between 7–9 l/l/m, the required reaction time is 6–10 h, providing 71–75% of
SCOD removal, and 30% biuret protein content in SS.
Appendix F. Performance of scale-up batch operation.
The batch operation in a 14-L fermentor was scaled up to a 165-L reactor with working volume 100-L
to investigate the reaction performance. After 16h of reaction, the DO starts to increase. After 20h of
reaction, the SCOD removal is up to 78% providing 35% of buiret protein content in suspended solid
(Figure 7). The cell yield value YSS/SCOD is 0.2998, YSTN/SCOD is 0.01657, estimated yield of protein
formation Y6.225*STN/SCOD is 0.1036, and estimated yield of SS formation Y6.25*STN/0.4/SCOD is 0.2589.
Appendix G. Feasibility of end product as feed ingredients
G1. Preliminary feed analyses of bioprocessed PPW product. The bioprocessed product from the reaction
of blended PPW slurry with initial SCOD 15,000 mg/L was analyzed to determine the feasibility for feed
ingredients. The protein content is 4.31% and 45% in mixed liquor and the dried suspended solids (Table 3).
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The results suggest that the bioprocessed product may provide potential nutrient as feed supplement.
Further evaluation will be investigated with the Oceanic Institute.
G2. Preliminary nutrient profile of frozen bioprocessed PPW product. The frozen samples of
bioprocessed PPW were stored in a -80°C freezer and then freeze-dried for nutrient analysis.
About 20% of product was recovered after freeze-dry. The feed analysis and nutrient profile of
batch and scaled-up batch bioprocessed products are shown in Table 3 and Table 4. The freeze-dried
products contain 40–50% of crude protein. The results show that the bioprocessed products may
provide the potential as shrimp feed. Further feeding trial will be conducted by the Oceanic Institute.

TABLE 1. Composition of papaya processing waste.

FIGURE 1. Liquefaction performance of chopped PPW (a) and blended PPW (b).

FIGURE 2. Yeast growth performance of filtered liquefied PPW (a) and mixed slurry liquefied
PPW (b).
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FIGURE 3. Buffer effect (acetic acid) on yeast
growth (a) S0 18480 mg/L, (b) S0 25440 mg/L,
and (c) S0 25240 mg/L, PPW substrate 70%
(1,7850 mg/L), buffer 30% (7,400 mg/L).

FIGURE 4. The relation of PH, DO, and ORP curve with SCOD and SS during yeast growth.

FIGURE 5. Dependency of specific suspended solids
growth rate on blended PPW slurry substrate.
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TABLE 2. Performance of different initial substrate concentration of PPW blended slurry for
yeast growth in batch operation.
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FIGURE 6. Effect of aeration on yeast
growth.

FIGURE 7. Performance of batch reaction with 100-L working volume.
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TABLE 3. Feed analyses of bioprocessed PPW products.

a

Mixed liquor sample of batch product of PPW with initial SCOD 15,000 mg/L after12 h of reaction, analyzed by Agricultural
Diagnostic Service Center (ADSC), University of Hawaii at Manoa.
b
Filtered solid sample of batch product of PPW with initial SCOD 15,000 mg/L after 12 h of reaction, analyzed by ADSC.
c
Batch product of PPW with initial SCOD 12,000–15,000 mg/L, 10–12 h of reaction, analyzed by Oceanic Institute (OI).
d
Continuous-flow product of PPW with initial SCOD ranged from 12,000–17,000 mg/L, 6–12 h of reaction, analyzed by OI.
e
Sacled-up batch product of PPW with initial SCOD ranged from 12,000–20,000 mg/L, 24–48 h of reaction, 100- and 150-L
working volume, analyzed by OI.
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TABLE 4. Nutrient profile of freeze-fried bioprocessed PPW product.

a

Batch product of PPW with initial SCOD 12,000–15,000 mg/L, 10–12 h of reaction, analyzed by OI.
Continuous-flow product of PPW with initial SCOD ranged from 12,000–17,000 mg/L, 6–12 h of reaction, analyzed by OI.
c
Scaled-up batch product of PPW with initial SCOD ranged from 12,000-20,000 mg/L, 24–48 h of reaction, 100- and 150-L
working volume, analyzed by OI.
b
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Year 2
Appendix A. Relationship of required aeration time to pH, DO and ORP curve.
To determine the required aeration time for yeast growth, pH, DO and ORP were monitored during
yeast growth. As shown in Figure 1, the results show that during yeast growth, pH decreases, ORP
increases accordingly and the DO level decreases from 5 to 3.5 mg/L. When SCOD removal is up to
70% in the growth medium, the DO concentration increases sharply. Also, the increase of SS follows
the decrease of SCOD.
The result is similar to the commercial Baker’s yeast (S. cerevisiae) growth using molasses as substrate
(Reed & Nagodawithana, 1991). As yeast cell grows, the DO in growth medium drops lower than 0.4
ppm (1 ppm = 1 mg/kg or 1 mg/L when density is 1 kg/l) or 5% saturation at fermentation under 30°C
(Strohm & Dale 1961). The critical oxygen concentration for limited yeast growth is 0.059 ppm at
20°C and 0.073 ppm at 35°C (Finn 1967). At the end of yeast growth, the pH increases from 4 to 6
and DO concentration increases sharply (Reed & Nagodawithana 1991).
Appendix B. Effect of nutrient addition.
The centrifuged PPW juice with initial SCOD ranged from 5,000 to 6,000 mg/L was used as substrate
to investigate the effect of nutrient addition for yeast growth. Ammonium sulfate and potassium phosphate
were added at a ratio of SCOD:N:P = 100:5:1. The results show that under the condition of with and
without N and P addition, the required reaction time is 8 h and 20 h to provide the specific growth rate
0.0135 h-1 (SD=7.32E-4, R2=0.99) and 0.00698 h-1 (SD=0.00103, R2=0.97), suspended solids
yield YSS/SCOD 0.5057 (SD=0.03699, R2=0.92) and 0.0859 (SD=0.02144, R2=0.97), estimated
yield of protein formation YSTN*6.25/SCOD 0.1391 (SD=0.00105, R2=0.96) and 0.07244
(SD=1.012E-4, R2=0.99), and biuret protein 46% and 39% in the products, respectively. Without N
and P addition, the required reaction time is much longer and the cell yield values and protein content
in the product are much less. It is therefore the addition of nitrogen and phosphate is required for yeast
growth using PPW as substrate.
Appendix C. Performance of PPW centrifuged juice and mixed slurry for yeast
growth.
The centrifuged juice and the mixed slurry of blended PPW with initial SCOD of 5,600–5,900mg/L
and nutrient addition (N and P) were separately investigated for yeast growth. The reaction provides
51–73% SCOD removal after 8 h of aeration for centrifuged juice and mixed slurry with the specific
growth rate 0.0135 h-1 (SD=7.32E-4, R2=0.99) and 0.0130 h-1 (SD=0.00197, R2=0.94), and
similar yields values of suspended solids yields (Y SS/SCOD) 0.5057 (SD=0.03699, R2=0.92) and
0.5175 (SD=0.00315, R2=0.92), estimated yield of protein formation (Y STN*6.25/SCOD) 0.1391
(SD=0.00105, R2=0.96) and 0.1391 (SD=0.00105, R2=0.99), and estimated yield of SS formation
(Y STN*6.25/SCOD/0.4) 0.3477 and 0.3477, respectively. The results show that the juice and the
slurry provide similar yield values for yeast growth from PPW substrate. The operation of blended
slurry is simpler than that of centrifuged juice. It is, therefore, blended PPW slurry was used as the
substrate for the yeast growth in this study.
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Appendix D. Effect of aeration on yeast growth.
Different air-flow rates were investigated for the effect on yeast growth. As shown in Figure 2, the
required reaction time decreases as air-flow rate increases while providing similar SCOD removal
(70–75%) and protein content (26–30%) in the product. As air-flow rate increases, the specific growth
rate increases. The cell yield values (YSS/SCOD, Y6.25*STN/SCOD, Y6.25*STN/SCOD/0.4) also
increases accordingly. For the aeration between 7–9 l/l/m, the required reaction time is 6–10 h, providing
71–75% of SCOD removal, and 30% biuret protein content in SS.
Appendix E. Effect of initial substrate concentration on yeast growth.
The effect of initial substrate concentration on yeast growth using blended PPW slurry was investigated.
As shown in Table 2 (see Year 1 graphics) and Figure 3, the results show that substrates with initial
SCOD ranged from 5,600 mg/L–18,500 mg/L provide about 70% SCOD removal and 30–40 %
biuret protein content in suspended solids within 8–12 h of reaction. The resulting specific growth rate
ranged from 0.013 to 0.04, the yields YSS/SCOD ranged from 0.52 to 0.21, Y STN/SCOD ranged
from 0.022 to 0.026, the estimated yield of protein formation Y STN*6.25/SCOD ranged from 0.139
to 0.166, and the estimated yield of SS formation Y STN*6.25/SCOD/0.4 ranged from 0.348 to
0.412, respectively.
As the substrate concentration increases from SCOD 5,600mg/L to 18,500 mg/L, the specific growth
rate increases accordingly, providing 72–75% SCOD removal. The biuret protein content slightly
decreases from 36% to 32%. This may be due to the higher portion of PPW solids content in the
higher substrate slurry. The estimated protein content 6.25*∆STN/∆SS increases as substrate
concentration increases which may be due to higher initial STN concentration in the higher initial
substrate slurry. The estimated protein content 6.25*∆STN/∆SS may be a better estimate for the
protein increase in the PPW slurry substrate. The yield values of YSS/SCOD decrease as the PPW
substrate concentration increases which may be due to higher portion of PPW solids decays in higher
initial substrate concentration slurry. The growth of SS is the combined effect of growth in yeast
biomass and decay in PPW solids. The estimated yield values of SS formation increase accordingly as
the slurry substrate concentration increases may be a better estimate for biomass growth in the PPW
slurry. The yield values of YSTN/SCOD increase as substrate concentrate increases which may be due
to higher initial STN content in the higher initial substrate slurry. This is similar to the situations in the
estimation of protein content (6.25*∆STN/∆SS).
Appendix F. Kinetic parameters of yeast growth in batch operation.
Kinetic parameters for yeast growth in batch operation using blended PPW slurry as substrate were
determined. As shown in Figure 4 (see Figure 5 in the previous Year 1 graphics section), mean values
of maximum specific growth rate (∆max) and saturation constant (kS) are 0.1366 h-1 (ranged from
0.0904-0.2798) and 54,130 mg/L of SCOD (ranged from 100,654-59,090), respectively. To achieve
the mean ∆max and kS, assumed at 0.1h-1 specific growth rate, the suggested S0 concentration is
145,440 mg/L of SCOD. However, such high concentration is difficult to achieve in the form of PPW
slurry solely. The blended PPW slurry without any water addition is able to provide around 100,000
mg/L of SCOD. If using blended PPW slurry as sole substrate, the high slurry phase in the growth
medium is not suitable for cell growth due to less oxygen transfer and high osmotic pressure. Therefore,
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based on the experimental results, it is suggested that it is appropriate to provide blended PPW slurry
with initial SCOD concentration ranged from 12,000 to 25,000 mg/L for sufficient oxygen and nutrient
transfers in the growth medium. This requires 8–12 h of reaction, which is much applicable for the
yeast growth in batch operation.
Appendix G. Performance of scaled-up batch operation.
The performance of scaled-up batch operation with 100-L working volume was investigated. As
shown in Figure 5 (see Figure 7 in the previous Year 1 graphics section), after 16 h of reaction, the DO
starts to increase. After 20h of reaction, the SCOD removal is up to 78% providing 35% biuret protein
in suspended solids. The yield values of YSS/SCOD is 0.2998 (SD=0.08073, R2=0.91), YSTN/
SCOD is 0.01657 (SD=0.01013, R2=0.95), estimated yield of protein formation Y6.25*STN/SCOD
is 0.1036, and estimated yield of SS formation Y6.25*STN/0.4/SCOD is 0.2589, respectively. The
performance of SCOD removal and protein content is similar to that obtained from 14-L fermentor
scale. The longer reaction time and yield value of may be due to the less oxygen transfer because of the
different aeration and agitation system in the scaled-up reactor. The yield value of Y STN/SCOD
(0.1036) is also slightly less than that in 14-L reactor (Y6.25*STN/SCOD 0.139-0.166) which may
also be due to less oxygen transfer.
Appendix H. Nutrient analysis of bioprocessed PPW products.
As shown in Table 3, the crude protein was 4.31% and 45% in the mixed liquor and the filtered
suspended solids, respectively. The crude protein was ranged from 40-50% in the freeze-dried samples.
Appendix I. Preliminary shrimp feeding trial.
The formulation of the PPW diets are shown in Table 4. The preliminary study showed that after six
weeks (Figure 6), shrimp could grow on 100% PPW diet. Additionally, 50% PPW or under diets also
had high potential to be a functional shrimp feed.

FIGURE 1. Relation of pH, DO, and ORP curve with SCOD and SS during yeast
growth.
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FIGURE 2. Effect of aeration on blended PPW slurry
for yeast growth in batch
operation.

FIGURE 3. Performance of different initial substrate concentration of blended
PPW slurry on yeast growth in batch operation.
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TABLE 3. Nutrient analyses of bioprocessed PPW products.

a
Oven dried sample (105ºC) of batch product with initial SCOD 15,000 mg/l after 12 h of reaction, analyzed at
Agricultural Diagnostic Service Center (ADSC), University of Hawaii at Manoa.

TABLE 4. Formulation of PPW diets.

Formulated according to Akiyama et al. (1992) at Oceanic Institute, Waimanalo, Hawaii
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FIGURE 6. Results of shrimp feeding
trial on formulated PPW diets and
commercial shrimp feed.
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