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Abstract: Pitch deposits have negative effects on product quality, machine performance and production line profitability
during pulp and paper manufacture. As traditional pitch control technology cannot provide satisfactory solutions in the pitch
deposits, the enzymatic treatment has been rapidly developed for its high efficiency and pollution-free property. In this review,
the chemical composition and present form of the pitch in pulp is first introduced, followed by a description of the pitch
control enzymes. The emphasis is on the current research on enzymatic solutions to pitch problems, including the reaction
mechanism, technology, and the present main problems of lipase, sterol esterases, laccase and lipoxygenase. Finally, the
technology prospectsin thisfield are proposed.
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Tablel Resin componentsin pine, spruce, birch, poplar and eucalypt (mg/g)t”!

Softwoods Hardwoods
Pinus sylvestris  Picea abies Betula verrucosa Populustremula Eucalyptus globulus
Free fatty acids 1.73 0.78 = 1.06 0.28
Resin acids 6.65 2.85 0.06 0.17 0.00
Hydrocarbons 0.74 0.19 0.40 1.14 0.17
Waxes or sterol esters 0.83 0.87 1.96 3.07 0.57
Monoglycerides 0.18 0.55 2.24 1.18 0.02
Diglycerides 0.32 0.55 1.72 0.58 0.02
Triglycerides 8.74 1.94 8.10 10.37 0.13
Higher alcohols or sterols 1.39 1.00 1.56 2.40 0.68
Oxidized compounds 0.43 1.36 2.94 1.53 0.22
Lipophilic compounds 22.90 10.40 20.30 22.70 2.60
Total acetone extract 31.00 22.20 34.60 45.30 15.20
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Fig. 1 Reaction mechanism of lipase-catalyzed triglyceride hydrolysis™®.
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Table2 Treatment efficiency of lipase under different experimental conditions

Enzyme species Pulp species or

Condition Results Reference
or source substrate
Burkholderia sp. Pinus massoniana Dosage of lipase 20 U/g oven-dried  Triglyceride removal rate of 39%. [18]
thermomechanical pulp, at a pulp consistency of 6%,
pulp (TMP) 65 ‘C, 30 min, pH 7.5.
Novozymes TMP Dosage of lipase 25 U/g oven-dried Neutral component in lipophilic [19]
pulp, at a pulp consistency of 0.4%, extractives removal rate of 60%.
40 C,2h.
Restinase HT ~ Model lipids Dosage of lipase 10 U/g lipids, Pentadecanoic acid, linolenic acid, [20]

50 C, 3h.

and oleic acid removal rate of 49.4%,
92.5%, and 97.8% respectively.
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Table3 Treatment efficiency of sterol esterase under different experimental conditions

Enzyme species

Pulp species or substrate Condition Results Reference
or source

Melanocarpus  Unbleached Norway Dosage of sterol esterase  Thetensile index of pulp was Kontkanen
albomyces spruce TMP pulp 1.5 U/g oven-dried pulp, at increased by 24.28%, and its optical et al’®?

a pulp consistency of 1%, properties were not influenced

50 °C, 20 h, pH 5. nearly. Triglyceride could be

hydrolyzed by sterol esterase.

Ophiostoma Lipophilic extractives Dosage of sterol esterase  Eucalypt sterol esters and pine Calero-Rueda
piceae from Eucalyptus globulus 0.37 U/mg lipophilic triglycerides removal rate of 70% et all*¥

and Pinus sylvestris wood extractives, 37 °C, 3 h, pH 7. and 40% respectively.
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Table4 Treatment efficiency of laccase under different experimental conditions
Enzyme species Pulp species Mediator Condition Results Reference
or source or substrate
Pycnoporus Model lipids HBT Dosage of laccase 0.5 U/mg lipids, Oleic acid, linoleic acid, [37]
cinnabarinus dosage of HBT 1 U/mg lipids, abietic acid, sitosterol,
50°C, 2 h, pH 4. cholesteryl palmitate, oleate
linoleate, and trilinolein
removal rate of 60%—100%.
Octadecane, hexadecanol,
pamitic acid, and
triheptadecanoin not any
removal.
Trametes villosa Eucalyptus HBT Dosage of laccase 16 U/g Sterols removal rate of [38]
globulus kraft pulp oven-dried pulp, dosage of HBT ~ amost 100%.
0.5% oven-dried pulp, & aconsgstency
pulp of 5%, 30 °C, 4 h, pH 4.
Novozymes Dissolved and 5-hydroxyimino Dosage of laccase 120 U/L DCS, at Triglyceride and fatty acid [39]
colloidal substances barbituric acid  5-hydroxyiminobarbituric acid removal rate of almost 100%
(DCS) from aspen concentration of 0.1 g/L , 55°C,  and 33% respectively.
bleached 2 h, pH 5.5.
chemithermomecha
nica pulp
Myceliophthora Eucalyptus Syringaldehyde/ Dosage of laccase 20 U/g oven-dried In the presence of [40Q]
thermophila globulus methyl pulp, at syringadehyde and methyl  syringaldehyde, free sterols,
unbleached kraft ~ syringate syringate concentration of 6.75 sterol glycosides, and sterol
pulp mmol/L, pulp of 3%, 50°C, 12h,  estersremova rate of 73%,
pH 6.5. 91% and 89% respectively.
Sterol esters and free sterols
removal rate of 92% and
48% respectively in the
presence of methyl syringate.
Pycnoporus Encalytus gloulus  Syringaldelyde/ Dosage of laccase 20 U/g oven-dried  The syringaldehyde had the [41]
cinnabarinus  unbleached kraft ~ acetosyrmgone/ pulp, at syringaldehyde, methyl similar effect to HBT.
pulp p-coumaric syringate, and p-coumaric

concentration of 6.75 mmol/L,
HBT of 3.33 mmol/L, pulp of 3%,
50°C, 12 h, pH 4.
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Fig. 3 Lipid dioxygenation reaction induced by lipoxygenases**.
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Table5 Treatment efficiency of Lipoxygenases under different experimental conditions

Enzyme species or Pulp species or

Condition Results Reference
source substrate
Gaeumannomyces Unbleached kraft Dosage of lipoxygenases 10 mg/g Sterol esters and glycosides [45]
graminis eucalypt pulp oven-dried pulp, dosage of linoleic acid removal rate of 29% and

0.1 mg/g oven-dried pulp, at a pulp
consistency of 1%, 30 °C, 4 h, pH 7.
Dosages of lipoxygenases 1 mg/g
spruce and jack pine oven-dried pulp and 10 mg/g

Soybean lipoxygenase A mixture of black

24% respectively, and free

sterols not any removal.

Lipophilic extractive [43]
removal rate of

oven-dried pulp respectively, at apulp 10% and 15% respectively.
consistency of 1%, 30 °C, 2 h, pH 9.
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