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The use of tamarind waste to improve ethanol production from
cane molasses
BG Patil, DV Gokhale, KB Bastawde, US Puntambekar and SG Paitil

NCIM, Division of Biochemical Sciences, National Chemical Laboratory, Pune 411 008, Maharashtra, India

Tamarind wastes such as tamarind husk, pulp, seeds, fruit and the effluent generated during tartaric acid extraction
were used as supplements to evaluate their effects on alcohol production from cane molasses using yeast cultures.
Small amounts of these additives enhanced the rate of ethanol production in batch fermentations. Tamarind fruit
increased ethanol production (9.7%, w/v) from 22.5% reducing sugars of molasses as compared to 6.5% (w/v) in
control experiments lacking supplements after 72 h of fermentation. In general, the addition of tamarind supplements
to the fermentation medium showed more than 40% improvement in ethanol production using higher cane molasses
sugar concentrations. The direct fermentation of aqueous tamarind effluent also yielded 3.25% (w/v) ethanol, sug-
gesting its possible use as a diluent in molasses fermentations. This is the first report, to our knowledge, in which
tamarind-based waste products were used in ethanol production.
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Introduction material such as tamarind pulp, aqueous effluent in addition

Continuous depletion of petroleum reserves has created éﬂ tamarind husk and seeds separated before extraction.
immediate need to search for alternate fuel energy sources.We report here the use of such waste material in cane
The bioconversion of renewable substrates to ethanol is Stinnole_xsses ferm_entauon to enhance the rate O_f ethanol pro-
the focus of much research. The production of ethanol fronfluCtion from high molasses sugar concentrations.
sugar cane molasses has been the subject of many studies.
In the present context of ethanol production using batch
fermentation processes, two areas of investigation are the
improvement of the rate of ethanol production and final
ethanol concentration by supplementation of cane molasses . )
[4,6,8,9] and the development of strains to be used in cangrganisms and culture media .
molasses fermentation [5,7]. In India, ethanol is produced N€ Yeast cultureSaccharomyces cerevisiddCIM 3526
by conventional batch fermentation of cane molasses ifnd 3300 were obtained from the National Collection of
which 7-8% (v/v) ethanol is produced from diluted mol- Industrial Microorganisms (N_CIM), National Chemical
asses Sugar (15_16%) W|th 80—-85% efficiency_ Supp'emedfaborator:y, P-Une 411 008, India. These cultures were rou-
tation with ergosterol [1], chitin [9], fungal mycelium [11], tinely maintained on MGYP slants and subcultured every
skim milk powder [8] or proteolipid fromAspergillus ory- 2 months. MGYP medium contained malt extract, 0.3%;
zae [6] have improved the rate and the yield of ethanolyeast extract, 0.3%; peptone, 0.5%; glucose, 2.0% and agar,
production in cane molasses fermentation. New productio@.0%. MUMY medium consisted of molasses sugar, 5%;
techniques such as the use of vacuum fermentation [13}rea, 0.2%; MgSQ 0.05% and yeast extract 0.1%. Mol-
cell recycling [15] and top and bottom yeast [10] have beerasses fermentation medium consisted of variable amounts
introduced for better production of industrial alcohol. of molasses sugar supplemented with 0.2% urea. Glucose
In our laboratory, studies were initiated to increase thdermentation medium consisted of glucose, 20%;
rate and yield of alcohol production by supplementation(NH,),SO,, 0.1%; urea, 0.2%; KHPO,, 0.1%; MgSQ,
technology in which waste materials generated during tar0.05% and yeast extract, 0.1%. The pH of both fermen-
taric acid extraction from tamarind fruit were added to thetation media was adjusted to 5.0 before sterilization at
fermentation medium [12]. The production of tamarind fruit 121°C for 20 min. Fermentation media were supplemented
in India is about 300 000 tons per year and only 75 000with additives like tamarind husk, tamarind fruit etc at con-
tons are properly consumed. Tamarind fruit contains majogentrations varying between 0.1-1.0%.
components like carbohydrates (35-40%), tartaric acid (12— Yeast extract, malt extract and peptone were obtained
18%) and edible protein and vitamins. A process has beefiom Hi-Media, Bombay, India. Sugar cane molasses con-
developed in our laboratory for the extraction of tartarictaining 53% reducing sugar was obtained from a local sugar
acid from tamarind fruit. This process releases wastqactory. All other chemicals were of analytical grade and
obtained locally. Tamarind fruit was obtained from local
Correspondence: SG Patil, NCIM, Division of Biochemical Sciences markets. All other waste material generated during tartaric
National Chemical Laboratory, Pune 411 008, India 'acid extraction was prqqured from the Organic Chemistry
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Preparation of hot and cold water extracts tation medium with 20% glucose. In general, all the sup-

The tamarind supplement (10 g) was suspended in 100 ndlements used showed increased levels of ethanol pro-
of cold water and shaken at 180 rpm and@@vernight.  duction after 72 h. Tamarind effluent was the least

The solid material was separated by filtration through museffective, showing only 16% improvement with respect to

lin cloth and the filtrate was used as a supplement to theontrols. The addition of these supplements also resulted
fermentation medium. The hot water extract was prepareéh increased fermentation efficiency90%) as compared

by boiling the supplements (10 g) in 100 ml of distilled to the unsupplemented control (62.5%). Among all the

water for 30 min followed by filtration. Five millilitres of additives used, tamarind fruit gave maximum production

each extract contained equivalent amounts of solublevith 98% fermentation efficiency. Calcium pectate and cal-

ingredients present in 0.5 g of supplement. cium tartarate showed marginal improvement in ethanol

. production.

Batch fermentation of glucose or cane molasses Table 2 shows that supplementation of molasses fermen-
Cultures were grown either in MGYP or MUMY medium tation medium (15% TRS) caused a significant increase in
for 24 h at 30C with constant shaking at 180 rpm and usedpoth the rate and efficiency of ethanol production over

as inocula. The inoculum (10 ml) was transferred to 90 mlynsypplemented medium. The improvement varied between
of fermentation medium in a 150-ml Pyrex conical flask 11_509 at 48 h. Fermentation was complete at 48 h in mol-
with added supplements and incubated atGQvithout  555es medium supplemented with tamarind fruit (TF), tam-
shaking. Samples (5 ml) of the fermented broth were with—jng pulp (TP), tamarind husk (TH) and tamarind seed

drawn after 24, 48 and 72 h for the determination of ethanoh,\wger (TSP), producing 6.7% (w/v) ethanol with

content. The fermentation efficiency was calculated on th

aximum efficiency $95%). Extracts of tamarind-based

basis of total fermentable sugars in the fermentationyaste materials in hot and cold water also produced
medium. Results are the average of three independemt,,ovements in ethanol production. Solids of tamarind-
experiments. The standard deviation of values ranged frorjased materials appeared to be more effective.

+2—+3%.

Analytical methods

Total reducing sugars (TRS) in molasses and samples We§

estimated as glucose equivalents by the dinitrosalicylic aci
method after inversion with HCI [3]. Ethanol concen-

Fermentations were carried out using supplemented mol-
asses medium containing 20% TRS and the results are
éwown in Table 3. It is noteworthy that all the tamarind-
ased waste products used as supplements, gave improved
ethanol production with maximum fermentation efficiency

trations were determined by the cerric ammonium nitratd 92%). Significant improvement{100%) in ethanol pro-

method [14] which was confirmed by gas chromatograph
using a Shimadzu GC RIA model instrument with a chro-
mosorb 101 column (80—100 mesh, 2 m). The column tem
perature was maintained at P&Dand the injection tem-
perature was 18C. The flow rate of the carrier gas
(nitrogen) was 40 ml mirt and a flame ionization detector
was used at 18C.

Results

uction was observed at 48 h. There was a decline in
improvement in ethanol production after 72 h indicating a
rapid increase in ethanol productivity during the initial
phase of fermentation (Table 3). Calcium pectate, calcium
tartarate and tamarind effluent did not produce a significant
improvement in ethanol production (data not shown).
Further experiments were performed using all the effective
supplements (TF, TH, TP, TSP) individually at different
concentrations. The data given in Table 4 indicate that 0.5%
of each supplement was enough to give improved ethanol

Table 1 summarizes the effect of different tamarind-basegroduction with maximum efficiency.
supplements on ethanol production using glucose fermen- Ethanol production using different concentrations of

Table 1 Effect of tamarind-based supplements on ethanol production in fermentation medium containing 20% glucose

Supplement Ethanol (%, w/v) at
48 h % IMP 72h % IMP % EFF at 72 h

None 4.1 - 6.2 - 62
Tamarind fruit 6.4 56 9.8 58 98
Tamarind husk 6.3 53 9.6 54 96
Tamarind pulp 6.5 58 9.1 46 91
Tamarind effluent (5 ml) 5.0 22 7.2 16 72
Tamarind seed powder 6.4 56 9.6 54 96
Ca-pectate 51 24 7.1 14 71
Ca-tartarate 4.2 - 6.3 - 63
IMP, improvement; EFF, fermentation efficiency.

Ethanol formed in supplemented medium
0, = -
% IMP Ethanol formed in unsupplemented (control) mediﬁr%oo 100
% EFF= Experimental ethanol ylelg( 100

Theoretical ethanol yield
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Table 2 Effect of tamarind-based products and their extracts on ethanol production from molasses fermentation medium containing 15% TRS 309
Supplement Ethanol (%, w/v) at
24 h 48 h % IMP at 48 h % EFF at 48 h

None 2.4 4.5 - 65
Tamarind fruit 5.5 6.8 51 98
Tamarind pulp 5.4 6.7 48 97
Tamarind husk 5.3 6.7 48 97
Tamarind seed 5.2 6.7 49 97
Ca-pectate 3.6 6.3 40 93
TFEC (5ml) 4.6 6.0 33 87
TFEH (5 ml) 4.8 6.1 35 88
TPEC (5 ml) 4.2 5.4 20 78
TPEH (5 ml) 4.3 5.5 22 80
THEC (5 ml) 4.1 5.0 11 72
THEH (5 ml) 4.2 5.1 13 74

% IMP and % EFF as per Table 1.
TRS, total reducing sugar; TFEC, tamarind fruit extract in cold water; TFEH, tamarind fruit extract in hot water; TPEC, tamarind paste extract in cold
water; TPEH, tamarind paste extract in hot water; THEC, tamarind husk extract in cold water; THEH, tamarind husk extract in hot water.

molasses sugars showed that the optimum concentration for
Table 3 Effect of tamarind-based supplements on ethanol productioomaximum ethanol production was 22.5% (Table 5) in sup-
from 20% molasses sugar plemented media. At this concentration 9.7% (w/v) ethanol
was produced in the presence of supplements like TF and
TH, representing more than 95% of the theoretical yield.
Tamarind effluent itself, containing 7.5% reducing sugar,
a8 SIMPTzh Yo IMP a‘f"é? could be fermented directly yielding 3.25% (w/v) ethanol
(data not shown).

Supplement Estimated alcohol (w/v) at

None 3.4 - 6.1 - 61

Tamarind fruit 7.6 123 8.8 44 97 . .

Tamarind husk 7.4 117 8.8 44 97 Discussion

Tamarind pulp 7.4 117 8.7 42 95 . " . ",
Tamarind seed 73 114 6.7 42 o5 Under the fermentation conditions described, the addition

of any of the tamarind-based waste materials substantially

% IMP and % EFF as per Table 1. _enhance_d both the rate and yield of ethan_ol produ_ction
irrespective of the molasses sugar concentration used in fer-
mentation media. All supplements except tamarind fruit,
were waste materials generated during tartaric acid extrac-

Table 4 Effect of different concentrations of supplements on ethanol tion from tamarind fruit. The addition of such supplements

production from 15% molasses sugar (>05%) in fel’mentation medium W|th 20% glucose pI’O-
duced 9.8% (w/v) alcohol at 72 h of fermentation compared

Supplement Ethanol (%, wiv) at to 6.3% (w/v) in the unsupplemented control. Similar
(%)

24 h % IMP 48h % IMP % EFF Table 5 Effect of different molasses sugar concentrations on ethanol

production
None 25 - 4.4 - 66
Tamarind fruit Supplement Molasses Ethanol (%, wiv) at
0.1) 3.9 56 5.6 27 83 (0.5%) sugar (%)
(0.2) 5.2 108 6.5 48 97 .
(0.5) 5.6 124 6.6 50 95 24h 48h 72h % EFF
. at 72 h

Tamarind pulp
(0.12) 5.0 100 6.0 36 89
(0.2) 54 116 6.1 38 89 None 18.0 3.30 4.35 6.60 82.0
(0.5) 55 120 6.2 40 91 Tamarind fruit 18.0 5.75 7.35 8.00 97.5
Tamarind husk Tamarind pulp 18.0 5.80 7.30 8.00 97.5
(8'%) 4-% 6‘; 2-1 gg gg None 225 310 465 645 630
0.2) S 11 1 Tamarind fruit 225 620 7.85 970 950
05 52 108 65 47 % Tamarindpulp 225 635 780 970 950
Tamarind seed
(0.12) 3.8 52 6.2 40 90 None 25.0 2.20 2.85 4.10 36.0
(0.2) 4.4 76 6.4 45 93 Tamarind fruit 25.0 4.10 5.0 6.35 56.0
(0.5) 51 104 6.7 52 98 Tamarind pulp 25.0 4.00 4.95 5.90 52.0

% IMP and % EFF as per Table 1. % EFF as per Table 1.
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enhancement was observed when molasses medium coficknowledgements

taining 20% reducing sugar was supplemented with tamar- ) ) )

ind-based waste materials. The improvement was more prd-"€ corresponding author is grateful to Director General,
nounced at higher molasses sugar concentrations. T SIR, Ne_w Delhi for _prowdlnge_\post of Emeritus Scientist
addition of cold or hot water extracts of tamarind materials@"d funding the project. Special thanks are due to Dr T
resulted in partial improvement in both the rate and yield ofR@vindranathan for useful suggestions from time to time
alcohol production, which suggests that the soluble fractior?d Pr BA Nagsampagi for the supply of tamarind-based

could play an important role in improving ethanol pro- Materials.

duction. The tamarind aqueous effluent released after tar-

taric acid extraction contained 7.5% total reducing sugar

which could be directly fermented to yield 3.25% ethanol.References
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