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Studies on the Efficiency of Alcohol Production
in Sweet Potato, Cassava, and Potato

Sin-Yie Liu and Chun-Ling Liang

Abstract : Three starchy crops, sweet potato, cassava, and potate, were used to study

the efficiency of alcohol production. The results are summarized in the following.

(1) The alcohol yield of starchy crops depends not only upon the starch content, but
also on the hectare yield, water content, growth period, and the degree of starch
purification.

(2) The simplest method for saccharification and fermentation is to mix the starch
material with yeast (Saccharomyces cerevisiae), a-amylase solution, and distilled
water at the beginning of the process. It saves energy, as well as labor costs.

(3) Using this method, an alcohol yield of 59% for sweet potato, 7.5% for cassava, and
529 for potato can be obtained. If purified starch is used, the following alcohol
production rates can be reached : sweet potato 9.9%, cassava 10.5%, and potato
9.5%. In the last five years, the hectare yields were averaged 16.0 tons for sweet
potato, 15.4 tons for cassava, and 11.7 tons for potato. If calculation is based on
purified starch, the following amounts of alcohol per ha can be distilled : 1,856 1

(liter) from sweet potato, 2,296 1 from cassava, and 760 1 from potato. During the
purification process, a large amount of material is lost. If this loss is minimized,
the alcohol yield from purified starch can be increased by as much as 1.40—1.83
times.

(4) Under local cultivation conditions, sweet potato can be planted in the spring,
summer, and autumn, cassava in hilly areas, and potato in winter. Particular attention
should be paid to sweet potato, which is more efficient in alcohol  production than
the other two. However, in case of emergency, all three starchy crops could be used

as substitute energy rescurces.

With petroleum prices increasing at a rate faster than prices of agricultural
products, the benefit from food crops export to interchange for fuel petroleum has
decreased. In recent years, the use of agricultural products to produce alcohol for fuel
has gained worldwide interest. Several economic studies, on the feasibility of growing
crops to provide starch for fermentation into alcohol were resulted in optimistic to
pessimistic conclusions.
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Alcohol is a very useful liquid fuel. When mixed with petroleum (10% anhydrate
alcohol+90% no Pb petroleum), it is called gasohol. Diesohol is a mixture of alcohol
and diesel oil. Both have been used in some other countries.®?®

In Taiwan, 98% of the petroleum, and 82% of total energy needs are imported.
In the event of another energy crisis, renewable energy, including liquid alcohol, will
play an important role. Thus, the question of which material is most economical for
alcohol production is raised. In Taiwan, sweet potato, cassava, potato, sorgo, G,11)
leucaena,  sugar cane, »® and giant brown kelp, etc. all have the potential to
meet this purpose. Since sweet potato, cassava, and potato are fast growing and high
yielding starch crops in this province, they are to be considered as potential alcohol
producing crops. Therefore, it is necessary to evaluate the efficiency and economics in
alcohol production for these three plant species.

Materials and Methods

I. Materials
1) four sweet potato lines (C65, C65—46, C65—319, and C65—356)
2) three cassava varieties (Gie-tze-zong, Bai-gu-tze, and I-tze-shiang)
3) five potato lines or varieties (77—054—164, Cardinal, 325, 272, and 16)
II. Methods
1) Analysis of the chemical composition
The water content of the material was determined by heating for three hours
at 105°C, the starch content by acid-catalyzed-hydrolysis, amylose content by the
automatic amylose determination method, and the shape of the starch grains by
microscope at 400X power.
2) Purification of the material
The raw materials were ground, and then filtrated. The protein surrounding
the starch grain was removed by 0.2—0.3% NaOH solution. Finally, the fat of
the material was removed by 85% methanol solution, leaving purified starch.
3) Saccharification of starch
0.1% and 1.0% a-amylase solution were used for starch saccharification at
38°C, and the two methods of saccharification (acid-catalyzed-hydrolysis with 2.5
9% HCI solution, and enzyme-catalyzed-hydrolysis with 1.0% a-amylase solution)
have been compared. The glucose content was then determined by the SOMOGY]I
method.
4) Combination of saccharification and fermentation ¢¥.
A 50ml mixture was made, containing 10g of unpurified starch, 1.0% a-amy-
lase solution from Aspergillus oryzae (6,500 U. E./ml), Saccharomyces cerevisiae
(500mg), and distilled water. Citrate was added to adjust the pH-value to 3.5.
This starch solution was subsequently fermented at 38°C. The process was also
repeated in an identical fashion using purified starch.
5) Determination of fermentation rate and alcohol production rate
Einhorn fermentation tubes were used to determine the CO; quantity in order
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to find out the fermentation rate. The ethanol alcohol content was determined by
G. C. under the following conditions : column temperature of 140° C, injection
temperature of 160°C, detector F. I. D. temperature of 160°C, and an H, flow rate
of 40—50ml/minute.

Results

I. Gross composition of sweet potato, cassava, and potato

The average water contents of sweet potato, cassava, and potato are 67.0%,
61.9%, and 78.4%, respectively (Table 1).

Starch contents on a dry weight basis were found to be 63.4%, 70.0%, and
54.0%, respectively.

Except for special varieties (Cardinal and C65), the difference in amylose content
was not very great (sweet potato-12.6%, cassava-14.1%, and potato-16.0%). No
close relationship between starch and amylose contents was found.

Furthermore, nearly all the starch grains were spherical or spheroidal in shape.

Table 1: Gross composition of sweet potato, cassava, and potato starch

Variety or Line Moisture (%) !Starch (% d. w.) Amylose Granule shape
| (% d. w)
A) sweet potato
C65 70.8 60.4 8.5 | oval, spherical
C65—46 66.4 68.9 13.0 oval, spherical
C65—319 67.7 63.4 14.1 oval, spherical
C65—356 62.9 60.6 14.8 oval, spherical
Average 67.0 63.4 12,6 | oval, spherical
B) cassava
Gie-tze-zong 53.6 69.8 180 | oval
Bai-gu-tze 69.4 72.4 13.1 oval
I-tze-shiang 62.6 67.8 141 | oval
Average 61.9 70.0 141 | oval
C) potato
77—034—164 75.0 60.9 17.0 oval
Cardinal 76.5 62.8 195 | oval
325 77.1 53.9 184 | oval
272 814 47.2 18.5 oval
16 82.0 452 12.7 | oval
Average 78.4 54.0 16.0 | oval
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II. Saccharification of starch

Two a-amylase solutions, 0.1%, and 1.0%, were compared. After 17.5 hours,
the cassava saccharification rate of the 0.1% a-amylase solution reached 5.0% and
after 41.5 hours, 5.6%. With the 1.0% a-amylase solution, they reached 29.4% and
39.2%, respectively. Therefore, the 1.0% a-amylase solution had an effect six times
as great as the 0.1% a-amylase solution.

In potato, the effect of the 1.0% «a-amylase solution was approximately five
times as great as the effect of the 0.1% a-amylase solution. (Table 2)

Table 2 : Effect of enzyme concentration on saccharification

Saccharification rate (%)
Enzyme and Substrate
17.5 hr 415 hr
A) 01% a—émylase solution
© cassava starch 5.0 56
potato starch 9.7 10.6
B) 1.0% a-amylase solution
cassava starch 294 39.2
potato starch 51.0 58.4

The results of the two saccharification methods (acid-catalysed-hydrolysis with

2.5% HCI solution and enzyme-catalyzed-hydrolysis with 1.0% a-amylase solution)
have also been compared. In both methods, 0.5g of cassava starch was used. Using
a 2.5% HCI solution, 88% of the starch could be changed into glucose within four
hours. : .
When a 1.0% a-amylase solution was used, a saccharification degree of only
30% was reached after two days. In neither case could the saccharification amount
be increased through longer incubation. Under the first method, 20 samples cost
NT $ 140, while the second method, NT $ 144 (Table 3).

Table 3. Comparison of two saccharification methods

Methods

Cassava starch

Reaction rate

Total expense

(& (% hr1) for 20 samples
Acid-catalyzed-hydrolysis (2.5% 05 22.01 N.T.$ 1408
HCD) . :
Enzyme-catalyzed-hydrolysis (1.0% 0.5 0.63 N.T.§ 1444

a-amylase)

IIL. Alcohol yield of sweet potato, cassava, and potato starch
Among the four sweet potato lines tested, line C656—46 had the highest -starch
content and alcohol production rate of 23.16% and 6.06%, respectively, followed by
(C65—356, with 22,50% and 5.93%, C65—319 with 20.48% and 4.51%, and C65 with
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17.64% and 4.12%, respectively (Table 4). There was a positive correlation between
starch content and alcohol production rate (r=0.895).

Table 4. Alcohol production % (V/TV) of four sweet potato lines

Line Starch content (% f. w.) Alcohol production rate
C65 17.64 \ 412
C65—46 23.16 6.06
C65—319 20.48 451
C65—356 22.50 593

Among the three cassava varieties (Gie-tze-zong, Bai-gu-tze, and I-tze-shiang),
variety Gie-tze-zong, with a starch content of 32.4% was the highest, produced the
largest amount of alcohol (7.81%). Variety I-tze-shiang, with a starch content of
25.4%, produced the second highest alcohol amount (7.49%). Variety Bai-gu-tze,
with a starch content of 22.2%, produced 7.28% alcohol (Table 5). A highly positive
correlation (r=0.991) between starch content and alcohol production rate could be

realized.
Table 5. Alcohol preduction % (V/TV) of three cassava varieties
Variety Starch content (% f. w.) Alcohol production rate
Gie-tze-zong 324 7.81
Bai-gu-tze 222 7.28
I-tze-shiang 25.4 7.49

Among the five potato lines or varieties analysed, line 77-054-164 with a starch
content of 15.2%, had the highest alcohol production rate 6.20%. Line 16, which
had the lowest starch content of 8.1% reached only an alcohol production rate of
1.37%. (Table 6) A positive correlation of 0.941 between starch content and alcohol
production rate could also be realized.

Table 6. Alcohol production % (V/TV) of five potato lines or varieties

Variety or Line Starch content (% f. w.) Alcohol production rate

!

77—084—164 \ 15.2 6.20

Cardinal t 14.8 5.20

328 12.4 4,53

272 | 88 2.79

16 ; 8.1 137
|




116 Jour. agric. Res. China 32(2) 1983

The alcohol yield of a single plant does not only depend upon its starch and
water content, but also upon its yield. For example, the variety “Cardinal”, with a
starch content of 14.8%, had nearly the same alcohol yield as line “325”, which had
starch content only 12.4%. This is because variety “Cardinal” had a yield of 700g
per plant as compared with 770g in line “325” (Table 7).

When purified sweet potato starch (from line C65—356) was used, the alcohol
production rate reached 9.9%, as compared with the 5.9% of unpurified starch.
The alcohol rate produced from purified cassava starch (from variety I-tze-shiang)
amounted to 10.5%, as compared with the 7.5% of the non-purified starch. In
potato (from variety “Cardinal”) the alcohol production rate amounted to 9.5% for
the purified starch, and 5.2% for the unpurified starch. Obviously, when the starch
was purified, the alcohol rate was much higher than that of the non-purified starch.
There is a highly significant correlation between starch purification and alcohol
yield (Table 8).

Table 7. Theoretical alcohol production per hectare of five potato lines or varieties

Starch content Moisture Alcohol Yield Theor. ha
Variety or Line (ml/10g
(% fr. w.) (%) starch) (g/pl.) Alcohol(1)
77—054—164 15.23 75.0 3.29 562 1,541
Cardinal 14.78 76.5 2.39 700 1,420
325 12.36 771 240 710 1,411
272 8.80 8l.4 1.48 271 228
16 8.14 82.0 0.28 672 113

Table 8. Effect of starch purification on alcohol production rate

Starch content (% d. w.) Alcohol production (% V/TV)
Energy crop
non-purified purified non-purified purified
sweet potato 60.7 89.3 59 99
cassava 67.8 88.2 7.5 10.5
potato 62.8 884 5.2 9.3

Using 10g unpurified sweet potato dry starch (from line“C 65—356”), an alcohol
yield of 5.9%, i. e. 3.13ml, was produced. In the past five years (1976—1980), the
average sweet potato ha-yield was 15,979 kgfha (Table 9). After subtracting the
water content (62.9%) from the ha-yield (Table 1), 5,928kg unpurified sweet potato
starch was obtained, and theoretically, from this, 1,856 1 of alcohol could be produced.
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Table 9. The annual yield of sweet potato, cassava, and potato from
1976—1980 in Taiwan

Yield per hectare (kg)
Year
sweet potato cassava potato
1976 14,959 16,291 11,082
1977 15,551 15,581 11,361
1978 15,964 15,008 11,623
1979 16,476 15,305 12,339
1980 16,949 14,941 12,170
Average 15,979 15,425 11,715

With an average hectare yield of 15,425kg, and a water content of 62.6%, 5,769
kg unpurified starch from cassava variety “I-tze-shiang” could theoretically yield
2,296 1 of ethanol alcohol.

From potato variety “Cardinal” with an average hectare yield of 11,715kg and
a water content of 76.5%, 2,753 kg unpurified starch could be produced. This, in
turn, could theoretically yield 760 1 of alcohol.

. Factors influencing the fermentation rate and alcohol yield
a. Effect of starch purification on alcohol production
Purified sweet potato starch produced 1.70 times as much ethanol as non-
purified starch. Purified cassava starch yielded 1.40 times as much alcohol as
unpurified starch. For potato, it was as much as 1.83 times. ’
b. Effect of pH-value on the fermentation rate
Under acidic conditions (pH 2.5—4.5 adjusted by citrate or phosphoric acid),
Saccharomyces cerevisiae performed better than under neutral conditions (pH 5.5
—7.0).
¢ Influence of the starch concentration on the fermentation rate
To each starch concentration, 0.5g yeast was added. The quickest fermentation
rate was obtained by using 5.0g starch/50 ml volume. When a concentration of
0.5g starch/[50 ml volume was used, the amount of alcohol was only 12.9% of
the 5.0 g starch/50 ml volume, with a concentration of 1.0g starch/50 ml volume,
it was 24.5% of the 5.0 g starch/50 ml volume, and with 10.0 g starch/50 ml
volume, it was 61.8% (Table 10). Using a higher starch concentration than
10.0 g starch/50 ml volume, the rate of ethanol production decreased because of
the increasing difficulty in mixing starch grains, amylase solution, and yeast.
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Table 10. Fermentation rate (indicated by CO; production) from different amounts
of potato starch (using acid-catalysed-hydrolysis and adding 0.8g yeast)

Potato starch CO; production (ml)
Index (%)
(2 lhr 2hr 1 3hr ’ 4hr Shr
|
|
05 0.60 080 1.25 f 223 2.33 129
10 0.80 1.30 225 | 3.65 445 245
50 2.00 350 | 6.60 ’ 13.90 18.20 1000
|
100 0.60 130 } 2.95 i 6.95 11.25 61.8

d. Effect of S. cerevisiae quantity on the fermentation rate
When purified sweet potato or cassava starch were used, the alcohol fermen-
tation rate was increased by larger amounts of yeast.

Discussion. and conclusion

Sweet potato, cassava, and potato starch can be saccharified and fermented to
produce ethanol alcohol. %1% In this study, a higher ethanol production rate (7.5%
V/TV) was obtained by using cassava starch than by sweet potato (5.9%) or potato
starch (5.2%). :

For a high alcohol yield, a high starch content in the plant is the most important
criterion. For example, the two potato lines, 77-054-164 and 16, have starch contents
of 15.23% and 8.14%, respectively, and from that, an alcohol yield of 1,541 I/ha and
113 I/ha, respectively, could be obtained. The substantial difference is due to the differ-
ence in starch content. Varietal variation in starch content within a plant species was
obtained : The starch content of sweet potato varied from 8% to 29%, cassava from
22% to 32%, and potato from 8% to 22%. Therefore, varieties with the highest starch
contents should be used for alcohol production, and the development of high starch
content varieties through breeding should be emphasized.

On the other hand, the growth period of a plant species is equally important.
Though the estimated ethanol yield in cassava is as high as 2,296 1/ha, compared with
siveet potato’s 1,856 1/ha, and potato’s 760 1/ha, it must be taken into consideration
that cassava’s growth period lasts 15—18 months. 4 Potato has a growth period of
only three months, but its alcohol yield is low, due to its high water content and. low
average ha-yield. Furthermore, potato, a cold weather crop, can be planted only once in
the winter in Taiwan '®. Among the three plant species, sweet potato is the most effici-
ent energy crop. Although its alcohol yield of 1,856 1 is lower than that of cassava,
its average ha-yield is higher, in addition, it can be planted two or three times a year .

The water content and the yield capacity of tubers are the essential criteria for
determining alcohol production levels. The estimated ethanol ha-yield of potato variety
“Cardinal” was as low as 760 1, which is only 60% of the amount reported previously ®.
This was primarily due to this variety’s high water content. Its ethanol hectare yield
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was calculated by averaging the 5-year yield of all potato varieties. If the yield per
plant of 700g (Table 7) had been used, an ethanol yield of about 1,420 1/ha could have
been obtained. This means the higher the ha-yield of the variety, the higher the amount
of alcohol produced.

The theoretical ethanol yields of sweet potato and cassava reported from others are
1,875 1/ha and 2,700 1/ha ®, and 1,758 and 2,567 1/ha ® respectively. These values are
very close to the present study’s findings of 1,856 and 2,296 1/ha, respectively.

By using NaOH and methanol solution, a purification grade of 90% was obtained (
Table 8). This purification process has two advantages : a shorter fermentation period,
and a higher alcohol yield. As shown in this study, the purified sweet potato starch
produced an alcohol yield 1.70 times greater than that of non-purified sweet potato starch
(Table 8). The same effect was observed on cassava, which was as high as 1.40
times, and on potato, as high as 1.83 times. But, during the purification process, a lot
of material was lost. It is very important to minimize this loss.

Saccharomyces cerevisiae performs better under acid than neutral conditions, but
whether citrate or H;PO; was used made no difference.

Other factors which can affect the results of fermentation are: the fermentation
temperature, the removal of inhibiting substances, the agitation of the fermentation
tube, and the yeast species '%'® etc. For example, the yeast species, Zymomonas mobilis,
and Saccharomyces formosensis, had positive effects on the fermentation of sorgo V.
It has yet to be determined whether these two yeast species also have positive effects
on sweet potatb, cassava, and potato.

In addition‘to the use of sweet potato, cassava, and potato tubers for ethanol
production, their leaves and stems can be used to produce methane gas *®. This aspect
should be further studied.

With regard to energy input and output(energy balance)in sweet potato and cassava
ethanol production, Prof. Y. C. SU reported that both had a net gain of 760 Kcal & If
farming methods and fermentation techniques could be improved, the net energy gain
could be as much as 3,260 Kcal. _

Other plant species, such as sorgo, leucaena, sugar cane, etc. could be used for partial
gasoline substitutes ®*. Under local cultivation conditions, they all lave high yield
potential. v

The saccharification reaction time was short when HCI solution was used for sacchari-
fication, then yeast was added for fermentation, but the alcohol yield was low. This
is because the starch concentration was greatly diluted after acid treatment, and this
resulted in low glucose concentration ®. If starch material, @~amylase solution, yeast,
and water are mixed for both saccharification and fermentation, the process is not only
energy, but also labor saving, as it was indicated in this experiment.

Acknowledgments

This research was supported in part by a grant from the Council for Agricultural
Planning and Development, Executive Yuan, Republic of China. We thank Mr. L. Li, Mr.



120

Jour. agric. Res. China 32(2) 1983

S. M. Chiu, and Dr. S. J. Tsao for supplying the sweet potato, cassava, and potato
materials. We are also grateful to Mr. L. H. Lin and Mr. L. D. Lee, for contributing
much useful information, and Dr. C. Liu for his help in statistical analysis. We wish
to express our highest gratitude to Dr. S. C. Hsieh for his valuable advice.

Literature cited

. Chen. C. Y. 1978. The noodle qualities and physicochemical properties of various staIches isolated

by wet process. MS. thesis, National Taiwan University Taipei . (in Chinese)

. Hong. C. M., M. T. Koh, C. C. Wang, and C. Po. 1982. Anaerobic treatment of hog wastes in

subtropical regions. International pig veterinary society congress, Mexico, July : 26-31.

3. Hsieh. S. C. 1982. The development of energy crops. Sci. Agr. 30 (1-2) : 74-85. (in Chinese)
4. Hu. T. W. and W. C. Shih. 1982. The growth of different varieties of leucaena in Taiwan. A

publication of the Nitrogen Fixing Tree Association (NFTA), Hawaii, USA : 62-63.

. Lee. S. Y. 1966. The relation of the amylose-amylopectin contents in rice varieties. MS. thesis,

College of Chinese Culture. (in Chinese)

. Li. L. 1980. Study on the selection criteria for hybridized progenies of sweet potato (Ipomoea

batatas (L.) Lam ). Natl. Sci. Counc. Monthly, R. O. C. 8 (10) : 930-940. (in Chinese)

7. Nikuni. J. 1966. Manual of starch. Asakura Book Co. : 197-242. (in Japanese)
8. Sang. S. L. 1982. An outlook on potential biomass-derived energy. J. Biomass Energy Soc. China.

1 (1-2) : 1-9. (in Chinese)
Su. Y. C. 1982. Alternative energy and biomass resources. J. Biomass Energy Soc. China. 1 (1-2) :)
10-25. (in Chinese)

10. Su. Y. C.,, H. R. Chiang, and C. Y. Gien. 1982. Studies on biological conversion of cellulose carbo-

11.

12

13.

14.

hydrates into liquid fuels. Paper abstract of the Biomass Energy Society of China : 24-26. in
Chinesed

Su. Y. C.,, W. S. Chu, H. R. Chiang, and C. Y. Gien. 1982. Study of alcohol fermentation using
sorgo juice. Paper abstract of the Biomass Energy Society of China :11. (in Chinese)

Tsao. S. J. 1981. Study on potato production by true seeds tuber method : characteristics and yiel
J. Agr. Res. China. 30 (4) : 378-384. (in Chinese)

Ueda. S. and Y. Koba. 1980. Alcoholic fermentation of raw starch without cooking by using black-
koji amylase. J. Ferment. Technol 58 (3) : 237-242.

Yang. J. S, C. C. Siu, and S. C. Chen. 1980. The planting method of cassava. Paper of the by-

product factory of sugar company in Pu-Li : 1-4. (in Chinese)



HE - BERESHEZERERRERRE 121

H3% - MERERFZBARERKBEAR

Boa . R &%

wm R

HE - HERBHBSSERNIFD 2 ERERKE ZHRBRERNT

L EEBE TR AR ER > TMEELBRR &R HOMASROERNEAEER - &K
B~ A F A BRHEBMEMEE -

2. B R O VER A LB R YRR BRARS » BAERZIMBIRM » BREFR - R RAMEK >
BEFIRG T B LR BB TR R A - LRI AT ERRORBIR R AT

3.FIF LR 2GS » 7EHH#R5.9% » BERT.5% » BHER 5.2% » M AMi:Ea
Wk > RITT B RO Ea7E HE5029.9% » BER10.5% » BHERI.5% 5 KBEAFNFHA
AR » HEE16. 02N » BE15. 440 > BHE LLTAW » B2 G EARERERE » &
HED1,85687 » 52,2064 » BHBTO0AT « I PMI{LEBRTHENRAKEX » A
MBS ERTRESRERMERAIL. 40—1.83(F - Fit » MAESCEHMILERE » £
B RRERD » RIERHE R ARBRE

4 RABRIRERE » HETRE ~ B~ KEFKFER - BETERLUISE » BHBTRES
i o RER RIS > HENEDRER M _E -

2 o EEBRFTETE R T B AR — R -

1S IERBRAT  BOREE SR 10875, -
2. KT REREINER - HIEEEE o 20 Bk Bk o



	
	8
	9
	10
	11
	12
	13
	14
	15
	16
	17
	18


