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PROTEIN ENRICHMENT OF SWEET POTATO RESIDUE
WITH CO-CULTURE OF AMYLOLYTIC FUNGI BY SOLID-
STATE FERMENTATION

SHANG-SHYNG YANG

Department of Agricultural Chemistry, Natwnal Tauvan University, Tawper. Taiwan
10617, R.O.C.

Protein enrichment of sweet potato residue with amylolytic
moulds by solid-state fermentation was higher than that obtained
with amylolytic yeasts. The optimum initial moisture content for
protein enrichment was 66% to 75%. Incrementally added nitrogen
sources to the culture at zero time and at 24 h considerably im-
proved the final protein content. During the cultivation, the
moisture, ash and ATP contents increased, while the pH value de-
creased. A 1l:1 co-culture of amylolytic mycelial fungi yielded a
product with 32.4% crude protein after 4 days incubation at 30°cC.

Key words: Protein enrichment, co~culture, amylolytic fungi, ATP
content, solid-state fermentation.

INTRODUCTION

The protein demands for animal feeds and also for direct
human consumption will inevitably increase during the next decade
(11) 1n 1991 Taiwan imported 1.96 x 10% tons soybean from the U.
S. A. at a cost of 4.93 x 108 u.s. pollars(4). Consequently, the
developments of local protein resources from renewable raw mate-
rials for animal feed is urgently required. The substrates tradi-
tionally used in solid state fermentations for the production of
foodstuffs are rice, wheat, millet, barley, corn and soybeans.
The use of agricultural wastes such as sweet potato residue,
which intrinsically is not a good protein source for animal feed,
might also be practicable because of its abundant supply, high
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productivity and reasonable cost in Taiwan. Furthermore, sue
potato starch is readily ccnverted to biomass by many microorga-
nisms capable of rapid growth(15'17'19’.

In order to be economically competitive, 1t must e possible
to perform the bioconversion of starchy materials into protein at
rural level. Solid state fermentation facilitates this by redu-
cing the cost of microbial cultivation, by improving the in vitro
rumen digestibility of substrate, and by increasing the protein
and fat contents of starchy or cellulosic materials‘s'ls'ls'. In
the prewvious paper'ls‘, we fcund that the amylolytic yeasts could
enrich the crude protein content of sueet potato residue from
an initial walue cf 6% up to 21% within 3 days by solid state
fermentaticn. In this pager, the protein enrichment of sweet
potato residue by solid state fermentation with co-culture of
amylolytic fungi was studied.

MATERIALS AND METHODS

Sweet Potato Residue

Sweet potato residue was purchased from the local market in
Taiwan, and screened with a 1 to 16 mesh to remove dust and large
aggregates. It contained 14.0 to 16.1% moisture, 2.3 to 3.1%
crude protein, 2.7 to 3.6% ash, 16.1 to 18.0% crude fibre, and

)

£5.4 to 70.0% -::arl:-oh;.'drate(l5 .

Test Organisms

Saccharomyces cerevisiae Y-187 and ¥-191 vere provided by C.
F. Lin 1(llicrobial Resources Institute, Taiwan); S. Jdiastaticus
IFOC 1041¢ and Saccharomyces sp. IF0 1426 were provided by W. H.
Wang tResearch Institute for Wines, Taiwvan):; Schwanniomyces ocCi-
dentalis B53 vas provided by J. C. du Preez (Department of Micro-
biology and Biochemistry, UORS, South Africa): Candida lipolytica
WYarrowia lipolytica!, Adspergillus niger Tainan and Rhizopus sp.
NRRL-688, NRRL-695 and TBR were obtained from our Department. All
had amylolytic activities.

Culture MHedia And Culture Conditions

Amylolytic veasts were cultivated at 30°C on a slant of modi-
fied yeast malt extract medium with soluble starch as carbon
source‘lb', while moulds were cultivated at 320°C cn a slant of
potato dextrose agar. The sclid substrate comprisediyg: sweet
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potato residue, 100: (NH,)5SO4, 1.25; urea, 1.25; and KH5POy,
1.0. The medium was mixed thoroughly with spores or cells and
distilled water and incubated statically at 30°C for 4 dayb by
mixing once a day in flask or a home-made column reactor’ 19y, The
pH of the substrate was measured directly by immersing the
electrode into the substrate, or determined after mixing an
aliquot with 5 vol distilled water.

Measurement Of Adenosine Nucleotide

After cultivation, mash was boiled with 0.02M pH 7.6 Tris
buffer for 10 min. The filtrate was used for adenosine nucleoctide
measurement. Sample solution or adencsine nucleotide solution was
mixed with luciferin-luciferase mixture, and the adenosine
nucleotide was measured by ATP Photometer (Turner TD-20e
Luminomer, USA). ADP and AMP were converted to ATP with pyruvate
kinase and adenylate kinase, respectively‘B). Adenosine nucleo-
tide was calculated from the standard curve of authenic compound.

Total Nitrogen, Soluble Nitrogen, Protein, Ash And Moisture
Contents

Each sample was extracted with 5 vol distilled water by sha-
king for 20 min, and soluble nirrogen in the extract was deter-
mined directly by the Kjeldahl method(e). The total nitrogen con-
tent of each sample, prior to extracticon, was also determined.
The crude protein content was calculated from the difference bet-
ween the total nitrogen and soluble nitrogen contents, using the
conversion factor of 6.25¢18) The ash content of samples was de-
termined gravimetrically after 16 to 20 h at 550 to 600°c( 137,
The moisture content of the culture was determined by drying a
sample at 60°C under vacuum for 8 to 12 h to constant mass(ls’.

RESULTS

Selection Of Test Organism

Protein enrichment of sweet potato residue with Rhizopus sp.
NRRL-688, NRRL-695, TBR and A. niger Tainan ranged from 14.9 to
18.8%; that with Schw. occidentalis B53 and C. lipolytica was
from 9.6 to 10.3%; and that with S. cerevisiae ¥~187 and Y-191,
S. diastaticus IFO 1046 and Saccharomyces sp. IFO 1426 was from
5.0 to 7.5%. In all experiments the moisture content of the sub-
strate increased, whereas the pH values decreased. In the light
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of these results, Saccharomyces sp. IFO 1426, Schw. occidentalis

B53, C. lipolytica. A. niger Tainan, and Rhizopus sp. NRRL-695
were selected for further study (Table 1).

Initial Moisture Content

Protein enrichment was affected by the initial moisture con-
tent which always increased during the cultivation. When
Saccharomyces sp. IFO 1426 was inoculated into the solid medium
with initial moisture content ranging from 55.9 to 79.6%, the
final moisture content increased by 0.5% up to 2.9% after 5 days.
The protein content gradually increased with an increase in the
initial moisture content but reached a maximum value at an ini-
tial moisture content of 66.8% and at final moisture content of

Table 1. The protein and moisture contents and pH of sweet potato
residue after the growth of different fungi in static
solid state culturel'2

Test strain lloisture content pH Protein content
(%) (3]

Initial Final Initial Final Initial Final

Saccharomyces 70.4 72.4 5.1 3.7 3.1 7.5

sp. IFO 1426

S. diastaticus 69.7 72.8 5.5 3.6 3.2 7.3

IFO 1046

S. cerevisiae Y-187 6€9.0 72.0 4.8 4.4 3.2 5.0

S. cerevisiae Y-191 72.8 74.0 4.6 3.7 3.2 5.6

Schw. occidentalis 69.0 76.7 5.2 3.0 3.4 10.3

B53

C. lipolytica 68.1 /8.2 5.7 3.2 3.5 9.6

A. niger Tainan 72.6 83.0 4.8 4.5 3.3 18.8

Rhizopus sp. 69.8 78.4 4.6 4.3 3.1 16.9

NRRL-688

Rhizopus sp. 69.4 75.5 4.5 4.1 3.4 17.0

NRRL-695

Rhizopus sp. TBR 70.6 74.9 4.5 4.0 3.2 14.9

1. All the data are the mean of experiments in triplicate.

2. Each gram of dry substrate inoculated with 107 to 108 spores
or cells, supplemented with 1.25% (NH4)»SOy4 and 1.25% urea as
combined nitrogen sources and incubated at 30°C for 4 days.
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Table 2. The effect of the initial moisture content on the
protein enrichment of sweet potato residue in flask
culture at 30°C for 5 days

Test strain Moisture content pH Protein content
(%) (%)

Initial Final Initial Final Initial Final

Saccharomyces 55.9 56.4 4.8 4.3 3.2 4.0
sp. IFO 1426 59.2 60.9 4.6 3.8 3.2 5.6
66.8 69.7 4.5 3.8 3.2 8.4

71.3 73.1 4.9 3.8 3.2 7.6

75.2 77.6 4.9 4.0 3.2 7.2

79.6 82.2 4.7 4.0 3.2 7.1

Rhizopus sp. 55.5 58.4 5.1 4.8 3.8 17.8
NRRL-695 59.6 63.6 5.2 4.4 3.6 17.8
65.3 68.6 5.1 4.2 3.8 18.0

68.8 74.2 5.1 4.5 3.8 18.5

75.6 78.2 5.1 4.6 3.3 18.6

80.3 83.7 5.1 4.6 3.4 18.6

1. All the data are the mean of experiments in triplicate.
The inoculum size was 107 to 108 spores or cells per gram of
dry substrate.

69.7%. In all cases the substrate pH decreased markedly. While
Rhizopus sp. NRRL-695 was used with initial moisture content
ranging from 55.5 to 80.3%, the protein content also gradually
increased with an increase in the initial moisture and reached a
plateau at an initial moisture content of 68.8%. The substrate pH
decreased during the cultivation. The optimum initial moisture
content appeared to be in the region of 65 to 75% (Table 2).

Nitrogen Supplementation

To improve the efficiency of utilization of the nitrogen sou-
rce, a mixture of ammonium sulphate and urea (at a 1l:1 ratio) was
added to the substrate with 1.25% dry weight of each at zero time
and again at 24 h instead of just 2.5% of each nitrogen source
addition at zero time. The addition of the nitrogen sources in
two increments greatly enhanced the degree of protein enrichment
resulting in a final protein content of 17.0 to 29.4%, while the
nitrogen sources had only been added at the start of the cultiva-
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tion having in a final protein content of 8.6 to 18.2%. The
highest protein contents (29.4% and 26.1%) were obtained with
the moulds Rhizopus sp. NRRL-695 and A. niger Tainan, whereas the
maximum protein contents obtained with Schw. occidentalis B53, C.
lipolytica, and Saccharomyces sp. I1IFO 1426 was only 18.2%, 17.2%,
and 17.0%, respectively.

Column Reactor

Protein enrichment in a column reactor with Saccharomyces sp.
IFO 1426 and A. niger Tainan is shown in Table 3. The moisture
content increased by 0.8 to 3.6%, and by 8.1 to 9.7% over 4 days
with Saccharomyces sp. IFO 1426 and A. niger Tainan, respec-
tively. The pH values decreased from the initial values of 4.3 to
4.4 to final wvalues in the range of pH 3.1 to 3.8. The Saccharo-
myces strain gave a final protein content of 7.9 to 8.9%, whereas
the value obtained with A. niger was 18.1 to 18.8%. Protein en-
richment with nitrogen supplementation after 24 h incubation in
column reactor clearly showed that the additional supply of
nitrogen greatly enhanced microbial growth and protein content.
The Saccharomyces strain gave a final protein content of 17.5%
with nitrogen supplementation, whereas the wvalue obtained with
Schw. occidentalis B53 was 17.8% (Table 4). These results were
also very consistent with the protein enrichment in the flask

Table 3. The change in moisture and protein contents and pH in a
column reactor with different initial moisture content
at 30°C for 4 days1

Test strain [Moisture content pH Protein content
(%) (%)

Initial Final 1Initial Final Initial Final
Saccharomyces sp. 64.3 67.9 1.3 3.8 3.2 8.6
IFO 14286 70.5 72.9 4.3 3.8 3.2 7.9
72.4 74.4 1.4 3.7 3.2 8.5
75.0 75.8 4.3 3.2 3.2 8.9
A. niger Tainan 65.4 74.3 4.3 3.5 3.3 18.1
70.2 80.0 1.4 3.1 2.9 18.7
72.3 82.0 4.4 3.2 3.0 18.8
75.0 83.1 4.4 3.2 2.8 18.6

1. Culture conditions were same as Table 1 described.
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PROTEIN ENRICHMENT WITH AMYLOLYTIC MOULDS
period content

in a solid state cultivation at 30C with nitrogen supplementationat 24 h

Table 4. Protein enrichment of sweet potato residue with mono- and co-culturesof different fungi
Test organism
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The culture conditions were as in Table 3, but with supplementation with(NH,),S0, 1.25%

and urea 1.25% at 24 h.
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culture.

Co-culture of Amylolytic Fungi

Protein enrichment of sweet potato residue with mono-culture
or with a 1:1 co-culture of amylolytic fungi (by the number of
spores or cells) at 30°C for 4 days is shown in Table 4. Moisture
content of the final products with the mono-culture of amylolytic
moulds was higher than that with amylolytic yeasts; while in the
case of co-culture of amylolytic moulds and amylolytic yeasts,
moisture content of the final products was the same as that of
mono-culture of amylolytic moulds. During the incubation, the
substrate pH of co-culture of amylolytic fungi also decreased
initially then increased later. The mono-culture of Rhizopus sp.
NRRL-695 and A. niger Tainan had the products with 2&6.1 to 29.4%
of protein for 4 days cultivation, while C. 1lipolytica.
Saccharomyces sp. IFO 1426 and Schw. occidentalis B53 had the
products with 17.0 to 18.2% of protein. Co-culture of these two
amylolytic fungi had the products with 32.4% of protein. Protein
enrichment of co-culture of amylolytic yeasts was the same as
that of mono-culture and the same phenomena was found in the co-
culture of amylolytic moulds. In the case of the co-culture of
amylolytic yeasts and amylolytic moulds, protein content in the
final product was intermediate between the wvalues of the mono-
cultures.

ATP And Ash Contents In The Sclid Medium

To investigate the biomass content in the solid substrate,
the ATP content was measured and is shown in Table 4. During the
cultivation, ATP content increased. Rhizopus sp. NRRL-695 had the
highest ATP content in the medium, then the co-culture of amylo-
lytic moulds and the mono-culture of A. niger Tainan. While C.
lipolytica was the least. The energy charge also increased with
time. Saccharomyces sp. IFO 1426 had the highest value, while A.
niger Tainan had the least.

Ash content increased during 1ncuhbation, A. niger Tainan
had the highest value, then the co-culture of A. niger Tainan and
Rhizopus sp. NRRL-695, and Saccharomyces sp. IFO 1426 had the
louest. The final protein content of products of the mono-culture
of amylolytic moulds, and the co-culture of amylolytic mould and
amylolytic yeast was between 25.9 and 29.4%, and the final pro-
tein content of the mono-culture of amylolytic yeasts and the co-
culture of amylolytic yeasts was between 17.0 and 18.8%.
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DISCUSSION

In 1991 Taiwan cultivated 12,819 ha of sweet potato with the
annual production 224,272 tons. The productivity was 1.75 ton/ha
{4y, Sweet potato residue contains 2.3% protein and 65.4% total
carbohydrate and is, in itself, not a good resource of protein
for animal feeding. However, it could be enriched with protein by
using amylolytic fungi by a solid state fermentation process(ll'

50, In 3 previous paper, we found that amylolytic yeasts en-
riched the protein of sweet potatc residue from the initial pro-
tein 6% to the final prctein Z21% for 2 to 3 days incubation(ls).
In this paper, it was found that amylolytic moulds had a higher
potential than the amylolytic yeasts.

During the fermentation, the moisture content of substrate
increased. The increase might be due to the produciioa of matako-
lic water of fungyi, or the release of water in oxidation of car-
bohydrate, as had been observed 1n the spawn of mushroom(l4’,
protein enrichment of sugar beet pulp(3'18), and antibiotics
production of sweet potato res;due(lg‘. Microbial utilization of
the ammcnium sulfate as the nitrogen source can cause the pH
decrease(z). When nitrate or urea serves as nitrogen sources, the
pH value rose due to the reduction of nitrate to R-NH3+ or urea
decomposition(g’. During the fermentation, the pH initially
decreased, but subseguently 1ncreased. pH control in solid
substrate may be obtained by using different ratios of ammonium
salts and urea ‘15’, ammonium nitrate or sodium n1trate‘17), or a
buffering agent such as CaCO3‘lO).

In order to enrich the protein content from 3-6% to 20-30%,
an addition of 4% nitrogen supplementation is necessary theoreti-
cally. In this study, we found that the fractional supplementa-
tion of nitrogen could result i1n a higher protein enrichment than
supplementation added only at zero time.

ATFP is a potential index of microbial biomass(7), and energy
charge is a useful indicator of the energetic state of cells(lzg.
ATP content increased during the cultivation. ADP and AMP
contents also increased as incubation proceeded except for the
mono-culture of Rhizopus and the co-culture of amylolytic fungi
and Rhizopus. Energy charge cof the mono-culture or the co-culture
of amylolytic fung: was petween 0.15 and 0.42. The value of
energy charge was lower than that of yeast cells growing
anaerobically before early stationary phase or yeast cells
growing aerobically during log phase and stationary phase . The
low value of energy charge in solid state fermentation might be
due to the low concentration of oxygen or glucose in the
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substrate. The ocxygen concentation 1n the solid substrate was
only 5% and 3% at 24 h and 42 h i1ncubatiosn, respectively. Ball
and AtkKinson alsc indicated that the energy charge was 0.14 to
0.40 in anaerckic conditicn and long-term starvation'!'. Since
the microbes and substrate were static in solid state
fermentation, therefore the nutrient supply might be also a
limiting factor for low value of energy charge.

The use of the filamentcus fungi proved to be much better at
enriching the protein content of the sweet potato residue than
the yeasts. This was probacly mainly because the moulds, through
growth of their nhyphae, were Letter able to penetrate and spread
through the soli1d substrate. The use of co-cultures of the
moulds, yeasts, or a mould wvith a yeast failed to enhance the
protein enrichment. A cclumn reacrtor gavu rasults comparable to
those cbtained in static flask culrtur
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