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Abstract
Ritthipairote, T.!, Youravong, W.! and Wanichapichart, P.2
Flux, rejection and fouling during microfiltration and ultrafiltration of

sugar palm sap using a pilot plant scale
Songklanakarin J. Sci. Technol., 2006, 28(4) : 817-828

The possibility of using a pilot plant scale microfiltration (MF) and ultrafiltration (UF) to clarify and
reduce number of bacteria, yeast and mould of sugar palm sap was studied. The membrane used was multi
channel tubular ceramic membrane (ZrO,-TiO,) with membrane pore size 0.2 and 0.1 pum and molecular
weight cut off (MWCO) 300 and 50 kDa for microfiltration and ultrafiltration respectively. The experiment
was carried out to investigate the rejection of the components in sugar palm sap, permeate flux and fouling
characteristics. The results showed that the turbidity, the total solid, the viscosity and the numbers of bacteria,
yeast and mould in the permeate obtained by MF and UF were reduced significantly compared to those of
fresh sugar palm sap. The total soluble solid, total sugar, reducing sugar and pH were not affected by MF and
UF. The permeate fluxes for all membranes were reduced greatly as the volume concentration ratio (VCR)
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(membrane technology) létdnanfunuin1éaln

increased due to severe fouling. The irreversible fouling on membrane surface and/or inside the membrane
tended to increase with increasing membrane pore size or MWCO. The result also suggested that protein
and small particle in the sugar palm sap were probably responsible for the internal fouling of large pore size
membrane. According to the physical, chemical and microorganism quality results, both MF and UF showed
the potential use for improving the quality of sugar palm sap but flux reduction due to fouling was a major
problem affecting the process performance.

Key words : sugar palm sap, ultrafiltration, microfiltration, clarification, fouling
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Figure 1. Ultra- and microfiltration pilot plant system
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Table 1. Physical properties of fresh sugar palm sap and permeate obtained by microfiltration (pore
size 0.2 and 0.1 pm at TMP 100 kPa) and ultrafiltration (MWCO 300 and 50 kDa at TMP 250
kPa) at cross-flow velocity 3.5 m/s temperature 50£12C.)

Properties Fresh sugar Permeate
palm sap 0.2 pm 0.1 pm 300 kDa 50 kDa
Color L! 72.46%1.46° 97.27+0.90* 98.3610.40° 97.14£0.18*  98.04+0.81?
a’ 2.80+0.32° 0.04£0.11° -0.05£0.06°  -0.027+0.16° -0.10£0.11°
b* 14.86£0.95° 4.75+1.55° 3.3740.60° 5.27£1.52° 3.8241.19°
Transmittance(%) at 650 nm  64.99+1.61° 98.09+0.52* 99.02+0.37¢ 98.15+0.75* 99.77£0.56*
Viscosity (mPa.s) at 25°C 1.35+0.005° 1.26£0.005° 1.26£0.005¢ 1.29+0.005*  1.32+0.003"

Note

Each value is the mean of triplicate determinations + standard deviation

2, Mean within rows of permeate followed by the same letter are not significantly different at p>0.05

L - luminosity (0 = black and 100 = white)

Hunter

Hunter

- (from -80 to zero = green, from zero to +100 = red)

3b - (from -100 to zero = blue, from zero to +70 = yellow)

Hunter
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Table 2. Chemical properties of fresh sugar palm sap and permeate obtained by microfiltration (pore
size 0.2 and 0.1um at TMP 100 kPa) and ultrafiltration (MWCO 300 and 50 kDa at TMP 250
kPa) at cross-flow velocity 3.5 m/s temperature 50+1°C.)

. Fresh sugar Permeate
Properties
palm sap 0.2 pm 0.1 pm 300 kDa 50 kDa
Total soluble solid (°Brix) 12.33£0.57* 9.80+0.20¢ 9.67+0.50¢ 11.20£0.20° 11.33£0.57°
Total solid (%) 12.28+0.23% 12.42+0.13* 11.93+0.78®¢ 11.54£0.25  11.20+0.39°
pH 5.18+0.21%® 5.45£0.15%® 5.01+0.30° 5.16£0.05 5.38+0.15%®
Acidity as lactic acid (%) 0.047+£0.005° 0.043+£0.002*  0.048+0.012* 0.0274£0.005*  0.027+0.005°
Total sugar (%) 11.39+£0.29* 11.18+0.49 10.38+0.54% 10.55+0.56*  10.55+0.49®
Reducing sugar (%) 0.88+0.07° 0.57£0.13° 0.59+0.08° 0.59+0.07° 0.64+0.08°
Protein content (g/100ml) 0.29+0.04* 0.25+0.03® 0.23£0.01° 0.25+£0.03®  0.23+0.00°

Note

Each value is the mean of triplicate determinations + standard deviation

*b Mean within rows of permeate followed by the same letter are not significantly different at p>0.05
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Table 3. Microbiological properties of fresh sugar palm sap and permeate obtained by microfiltration
(pore size 0.2 and 0.1 pm at TMP 100 kPa) and ultrafiltration (MWCO 300 and 50 kDa at
TMP 250 kPa) at cross-flow velocity 3.5 m/s temperature 50+1°C.)

Permeate
Properties Fresh sugar
palm sap 0.2 um 0.1 um 300 kDa 50 kDa
Total viable count (CFU/ml) 9.22x107 5.33 3.25x10? 6.67 9.88x10°
Lactic acid bactetria (CFU/ml)  7.00x10° 0 0 0 0
Yeast and mold (CFU/ml) 7.08x107 0 0 0 6.85x10?
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Figure 2. Fluxversus VCR during microfiltration (poresize 0.2 and 0.1 um, TMP 100 kPa) and
ultrafiltration (MWCO 300 and 50 kDa, TMP 250 kPa) of sugar palm sap at cross-
flow velocity 3.5 m/s and temperature 50x1°C.
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Table 4. Fouling resistances of microfiltration and ultrafiltration

membranes
Pore sizeMWCO
0.2 um 0.1 pm 300 kDa 50 kDa
Resistance
R (m')x10" 1.26+0.04*  1.38+0.08 1.67+0.05 1.78+0.05
R, (m) x10" 0.49+0.21*  0.47+0.15* 0.29+0.06® 0.23+0.03"
R, (m') x10" 7.37+1.47  8.84+0.04™ 5.46+0.67™ 4.99+0.07™

Note

* Each value is the mean of triplicate determinations * standard deviation

b Mean within rows of permeate followed by the same letter are not

significantly different at p>0.05

s, not significant at p>0.05
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Figure 3. Protein rejection during microfiltration (pore size 0.2 and 0.1 pm,TMP 100 kPa)
and ultrafiltration ( 300 and 50 kDa, TMP 250 kPa) of sugar palm sap at cross-
flow velocity 3.5 m/s and temperature 50+1°C.
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