ENZYME and
MICROBIAL
TECHNOLOGY

ELSEVIER Enzyme and Microbial Technology 29 (2001) 274-279 www.elsevier.com/locate/enzmictec

)

Enzymatic upgrade of old paperboard containers

H. Pala, M.A. Lemos, M. Mota, F.M. Gama*

Centro de Engenharia Biofica - IBQF, Universidade do Minho, Largo do Rac4719 Braga Codex, Portugal
Received 13 February 2001; received in revised form 30 April 2001; accepted 22 May 2001

Abstract

The use of enzymes in secondary fiber (old paperboard containers) upgrading was investigated. The following aspects were analyz
(i) the effect of several enzymes and (non-hydrolytic) cellulose-binding domains on the pulp and paper properties; (ii) factors influencin
enzymatic treatment of secondary fiber: enzyme dosage and reaction time; and (iii) enzyme action on fractions with different fiber-lengt
In general, all the tested enzymatic preparations were able to improve the pulp drainability. In most cases this improvement was obtain
at the expense of paper strength. The use of cellulose-binding domains allowed for the simultaneous increase in drainability and stren
properties. © 2001 Elsevier Science Inc. All rights reserved.
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1. Introduction Further knowledge on the complex “fiber-enzyme” inter-
_ _ o ~ actions and more data on the effect of enzymatic treatments on
The incorporation of secondary fiber in paper production the pulp and paper properties are necessary in order to develop

affects the final product quality and the papermaking process.a rational design of enzymatic fiber upgrading [14—16].
Basically, these changes are caused by the inferior fiber quality

(length, flexibility) and the higher drainage resistance of

recycled pulps. The first affects inter-fiber bonding and 2. Materials and methods
consequently paper strength. The second makes sheet for-

mation more difficult, decreases the papermachine runna-2 1. Enzymatic preparations
bility and increases energy consumption in the dryers [1-3].

Several upgrading techniques are known, namely alkali  Several Commercial Enterprises or Research Institutes
treatment, refining/beating processes, additive usage or nonkindly supplied the enzymatic preparations used. Their rel-
wood plant fiber incorporation. However, their advantages evant characteristics are presented in Table 1. The protein
to paper manufacture are sometimes limited as they do notconcentration was determined by the Bradford method [17].
assure the simultaneous increase in paper resistance antthe calibration curve was made using bovine serum albu-
pulp drainage ability [3-5]. The use of enzymes is a prom- min as standard.
ising alternative [1,6—10]. The endoglucanase, cellulase and xylanase activities

The action of cellulases and hemicellulases on the fiber ere measured using the CarboxyMethylCellulase (CM-
components can result in improved inter-fiber bonding and Case), Filter Paper (FPase) and xylan oat spelt assays, as
decreased fiber-water interactions. Although the mecha-described in Pommier et al. (1989). Released sugars were

nisms are not completely understood, several theories aremeasured by the DiNitroSalicylic acid method (DNS), using
currently used to explain the effect of the enzymes on the glucose as standard [18].

paper technical properties [1,8,11]. An enzymatic treatment
for a particular pulp is still very difficult to develop, be- 2.2, Cellulose-binding domains
cause, for each pulp, every procedure (enzyme selection,

concentration, etc) has to be optimized [8,11-13]. The Cellulose-Binding Domains (CBD) tested in this
work were produced according to the protocol described in
* Corresponding author. Tel.:#351-253-604400; fax:+351-253- Lemos et al. (2000). The protein in the CBDs solutions was
678986. measured using the Bradford method [17].
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Table 1
Enzyme characterisation and concentrations used in the pulps treatment; quantification of cellulose degradation
ENZYME Supplier Protein FPase CMCase Xylanase %
mg/cm mg/g* FPU/g* Ulg* U/g* solubilisation
Xylanase C482 INETI 1 2.00 0.40 0.08 114 1.6
P. ocitanis L CBSfax 11 1.44 2.23 1.13 49 2.2
P. ocitanis S CBSfax 80 (mg/g) 2.39 4.07 0.22 95 4.5
Termamyl Novo 52 1.40 0.00 0.01 27 0.1
Viscozyme Novo 43 1.46 0.54 0.31 24 0.3
Pergalase N20 Genencor 28 8.68 1.55 0.96 146 0.8
Ecostone L Alko Ltd. 58 1.65 2.17 0.11 100 2.0
Celluclast 1.5 L Novo 94 0.36 0.22 0.10 3 0.7
Primalco H Primalco 46 0.35 0.07 0.02 12 0.6
Primalco G Primalco 23 0.35 0.06 0.04 34 1.7

* Enzyme dosage used in the pulp treatments expressed per gram of oven-dry pulp.
** Protein concentration in the cocktails as provided by the suppliers; CBSfax: Centre de Biotechnologie de Sfax, Tunisie; INETI: Institutd déaciona
Engenharia e Tecnologia Industrial, Lisboa, Portugal.

2.3. Paper source Two of the enzymes in Table 1 were tested using differ-
ent dosage and/or reaction tim€elluclast 1.5L(0-1.7
The paper pulp used in this study was kindly supplied by FPU/g (0.d.) pulp; 10/30/120 min) amtimalco G(0—0.06
the paper companfortucel Vianaand consisted on Old FPU/g (0.d.) pulp; 30 min). The experimental protocol used
Paperboard Containers, representing a mixture of 60% Kraftwas similar to the one described above.

paper, 20% fluting and 20% test liner. The pulp treatment (30 g (0.d.)) with CBD (0.4-2.8 mg/g
(0.d.) pulp) occurred under the same experimental condi-
2.4. Fiber fractionation tions, but the final deactivation operation was not included.

The control assays were made in the absence of CBD.
The secondary pulp obtained through the disintegration  Each experimental condition (enzymatic assay or con-
of the old paperboard containers was fractionated using atrol) was tested 2—4 times and a good reproducibility was
Bauer-McNett fiber-length classifier, and the 30 mesh found between the results. The coefficients of variation
and the 200-50 mesh fiber-length fractions were collected. (drainage, tensile, burst and tear) did never exceed 2%.
The procedure followed the proposed standard routine
(Tappi 233 cm-82). 2.6. Samples recovery and quantification of cellulose
degradation
2.5. Enzymatic/CBD pulping
Samples were recovered by dewatering in a vacuum filter.
30 g oven-dried (0.d.) of old paperboard containers pulp The filtrate was kept so that the cellulose solubilisation during
or 12 g (o0.d.) of fractionated old paperboard containers pulp treatment could be quantified by measuring the present
were processed. The pulp suspensions were prepared bymount of reducing sugars, using the DNS method [18].
disintegrating the samples in sodium citrate bufi€d5 M,
pH 5.0, for 10 min. This mechanical treatment allows fiber 2.7. Physical and mechanical properties determination
separation, without appreciably changing their structural
properties. After the disintegration step, the enzyme was added Handsheet preparation and determinations of the pulp
to the mixer according to the values mentioned in Table 1. The and paper properties were achieved according to the usual
enzymatic preparations were diluted (10% of the total reaction standard procedures: drainage rate (ISO 5267/1), burst (ISO
volume) before to being added to the pulp, so that better 2758), tensile strength (ISO 1924/2), tear (ISO 1974), sheet
dispersion was achieved. The reaction with the pulp occurreddensity (ISO 534) and permeability to air flow (ISO 5636/3).
for 30 min at 3% consistency and 50°C, with continuous slow
mixing. The 30-min period was selected according to previous
reports on pulp treatments [1,4,11,14] and also because pre3. Results and discussion
liminary assays revealed extended cellulose solubilisation after
longer periods of time. To finish up the trial, the enzyme was 3.1. Fiber upgrading using enzymes and cellulose-binding
deativated either by increasing pH to alkaline values domains
[8—10] and boiling the pulp for 5 min or by boiling the pulp.
In order to estimate the enzymatic acticonveniently, con- The goal of this part of the study was to identify the most
trol assays (with denatured enzyme) were made in parallel.effective enzymes to improve the pulp and paper properties
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oo G 2 > T ——= tions in the paper strength properties. Themicellulase
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. = o= —" paper strength, unless cellulase activity is also present. Xy-
Porgiase oo e — - -~ lan removal from the fibers surface may reduce the total
Ecosore L |———]0% 5% 121 — charge [20,21]. In fact, taking into account the improve-
i S - . . ments achieved in the pulp drainability, the xylanaGd§2
Tomamy 0% e e and Primalco showed the lowest effect on the strength
Gl parameters. The combined action of the two activities may
[ — — provide a better upgrade of the secondary pulp although
ol s dependent of the applied dosage and reaction time. Our
yanase Ci2 o || | | | o ||| 1o results showed that there is not such a simple relation of
°°""°'0 o — || — opposition between the enzymatic activity distribution (Ta-
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ble 1) and the modifications of the pulp and paper physical
properties (Fig. 1). Other properties of the enzymes are
Fig. 1. Effect of the enzymatic treatment on the properties of pulp and important (processitivity, adsorption, etc). The presence of
paper (old paperboard containers). Drainage, tensile, burst and tear varia-

o . non-identified secondary activities may have a significant
tion in enzymatic assays was expressed as percentage of the control.

Different controls for the several enzymes correspond to different batches SyﬂEfl‘g_lSth effect on the over_all performance over the pU|p-
of old paperboard containers pulp. Similar results were published by other authors. Pom-

mier et al. (1989) reported 28R decrease of 23% and a
consequent burst decrease of 11% (laboratory handsheets

and to understand whether the effectiveness depends on aneasurements). Jackson et al. (1993) found a drainage im-
specific type of activity. Cellulose-Binding Domains (CBD) provement of 18 to 31%, with a decrease of 16% in burst
were also used, in order to check whether the adsorption ofand 7 to 12% in tear. Stork and Puls (1994) also obtained a
the peptides on the paper fibers alone introduced significantsignificant improvement in the secondary fiS&R, but at
changes in the fiber properties, or not. the expense of resistance, measured as tear and breaking

The effect of the tested enzymes on the pulp and paperlength. Mansfield et al. (1996) reported a 2—4% drainage
physical properties was analyzed by measuring pulp drain-increase followed by a great decrease in resistance (11-29%
ability and paper tensile, burst and tear resistance (Fig. 1).in tensile, 0—32% in burst and 25-75% in tear indexes).
Most of the tested enzymes were responsible for a drainage Pommier et al. (1989) suggested that extensive fiber
improvement. However, this benefit was often obtained at degradation could be responsible for a dramatic strength
the expense of paper strength. Such an unwanted effecioss. This was probably the case Bfocitanis L/Sand
would considerably reduce the interest of using these en-Ecostone L,where the measured solubilised sugars indi-
zymes as drainage aids. The changes that occurred on theated a more significant enzymatic activity and the pulp and
pulp and paper physical properties greatly depend on thepaper characteristics were affected (Table 1). However,
enzyme usedXylanase C482allowed a®°SR (Schopper- dramatic changes on the paper properties also occurred
Riegler degree, drainage measurement unit) decrease an@vhen only slight degradation took place (e@elluclast
caused no damage on the paper strergtbcitanis LandS 1.5L versusPergalase N2) These modifications could be
were responsible for a simil&SR decrease (11%) but, in  better explained by a specific mode of attack on critical
contrast, led to a very important reduction in all the tested points of microfibers, as proposed by Jaako Pere et al.
resistances. Although decreasing the paper strength proper{1995). In fact, this author reported a 50% pulp viscosity
ties, Primalco G and H, Celluclast 1.5L, Ecostoneand decrease and considerable decrease in resistance, when cel-
Viscozymeyevealed to be the most effective enzymes to lulose degradation was lower than 1%. The hypothesis of
improve drainageTermamyl,a commercial amylase, did surface properties modification following enzyme adsorp-
not alter either drainage or paper resistance, Wheega- tion should also be considered.
lase N20produced the worst results in the pulp and paper  The present study revealed that enzymatic treatment
properties. caused sheet densification (data not shown), increasing its

Understanding the enzymes behavior toward the fibers isvalues by 1% to 3%. The likely explanation for the in-
essential to minimize the related negative effects. In gen- creased density is that the enzymes affected the fibers to the
eral,cellulasetreatments are reported as detrimental to pulp extent that they collapsed under pressure during handsheet
strength [1,8,9,11]. Only rarely the cellulolytic treatment formation. Yet, density variation could not be related to any
can introduce alterations in the fiber morphology, namely specific enzymatic activity or enzyme dosage. The fiber
fiber flexibility and collapsibility, which result in both en-  flattening is currently related to increased bonded area be-
hanced conformability and inter-fiber bonding and im- tween fibers and strength properties improvements of result-
proved sheet consolidation and network packing [21]. In- ant sheets [21]. Exception made fiylanase C482and
deed, the enzymes with higher FPase activiEgqstone, Termamyl,such results were not visible in this work.
Pergalase and P.ocitanis Ly$roduced important reduc- A significant increase of the handsheets permeability to

Drainage rate (°SR) Tensile Index (Nm/g) Burst Index (KPam’/g) Tear Index (mNm’/g)
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a0t @8 2 1% e = related to the enzymatic hydrolysis. Furthermore, the sheets
cenz(4ma) e - - o obtained with this pulp did not show any change in the
CBD_1 (1.4 mg) 1-14% 147% 149%| 2% . .
B2 04m) 2% e % 2% density or permeability parameters (data not shown) as
CBD_1 (0.4 mg) 10% 1+10%| 1+4% +2% 1 1 H
o — | | — — o previously observ_ed during the enzymatic assays.
o = o wo 2 o |o 1 2 3|0 s 1w CBD2 preparation was able to produce a more significant
Drainage rate (°SR) Tensile Index (Nm/g) Burst Index (KPam®/g) Tear Index (mNm?/g) OSR decrease (Up tO 30%) bUt at the expense Of some Of the

Fig. 2. Effect of the CBD application on the properties of pulp and paper Paper resistance. Only the tensile strength was slightly im-
(old paperboard containers). proved, when the lowest CBD dosage was applied. The

treatment of the pulp with CBD2 produced a 0.2% — 0.3%
sugar solubilisation. Although these values are low, it seems

airflow was also detected (data not shown), which seems toobvious that there was some residual enzymatic activity in
be related to a more significant enzymatic hydrolyBisci- the CBD2 solution, which was probably responsible for the
tanis L/Sand Ecostone Limproved permeability by 150—  different results obtained. In this case, both CBD and en-
250%.Primalco G, Celluclast 1.5andPrimalco Hinduced zyme may be acting on the fiber and affecting the pulp
a moderate increase (82%, 80% and 37%, respectively).properties. The CBD concentration also happens to be crit-
Only Xylanase C482andPergalase N2@lid not follow this ical as the pulp drainage rate and strength loss increases
trend. The first enzyme (1.6% substrate hydrolysis), induced depended on it. As in the enzymatic assays, permeability
a 15% decrease in permeability, while the second enzymeand density parameters changed after treatment with Solu-
(0.8% hydrolysis), was responsible for a 120% increase in tion CBD2. The first increased, showing that at least some
the permeability parameter. Permeability can be related to of the filler material was lost and the second decreased.
the amount of filler in the pulp. If the resistance to air flow
decreased, it is possible to establish that handsheet porosity.2. Factors influencing enzymatic treatment of secondary
increased after treatment. This could explain the paperfiber: enzyme dosage and reaction time
strength lowering as a result of the amount of fines reduc-
tion, which could not be compensated through increased As shown in the previous sectio@elluclast 1.5L, Pri-
interfiber bonding. The overall strength decrease could alsomalco G, Primalco H, Ecostone &andViscozymeroduced
be related to a fiber intrinsic resistance decrease and notsimilar and very positive changes in fiber-water interac-
only to the number or strength of the existing bonds. tions. In order to optimize the effects of the enzymes in the

Fig. 2 shows the effect of cellulose-binding domains on technical paper properties, two of those enzyn@sl(iclast
the properties of pulp and paper. CBD1 and CBD2 identify 1.5L and Primalco G)were tested under different experi-
two solutions obtained from different batches@élluclast mental conditions, namely dosage and reaction time, such
proteolytic digestion [15]. Although solutions 1 and 2 led to that the importance of these two parameters on the enzy-
different results, the pulp treatment with the cellulose- matic treatment of secondary pulps could be better evalu-
binding domains has revealed to be quite interesting. Whenated.
CBD1 was applied, it was possible to achieve the simulta-  According to the cellulose degradation measurements
neous increase of pulp drainage rate and paper resistancebtained after the pulp treatment wi@elluclast 1.5L the
indexes (specially tensile and burst) as compared with theamount of released sugars depended on both the applied
control. The peptide concentration seems to be critical, asenzyme concentration and reaction time. The 10-min reac-
the lower dosages (0.4-1.4 mg protein/g o.d. pulp) were tion (0.1-0.2 FPU) presented the lower % solubilisation
quite favorable to the process (maximum increase in drain- (0.2—0.3%), followed by the 30-min reaction (0.1-1.7 FPU)
age of 14%, together with an increase of 9% in burst and 7% with 0.4—2.6% solubilisation and the 120-min reaction (0.2
in tensile), and the highest dosage (2.8 mg protein/g o.d. FPU) with 1.6%. The effect of the same enzyme in the pulp
pulp) was responsible for less favorable results (increase ofand paper properties is shown in Fig. 3. The first main
12% in drainage, followed by a 4% increase in burst and conclusion that can be drawn is that both the enzyme con-
tensile resistance). It seems that the CBD binding to the centration and the reaction period considerably affected
fiber surface, by modifying the surface/interfacial properties pulp and paper properties. The enzymatic modification of
of the fibers, affects the technical properties of the pulp and the pulp drainage and paper strength seems to be time
paper in a very positive way. Although it is still not possible dependent. Increasing the enzyme concentration produced
to establish the kind and the importance of these changes tahe same kind of modification, but also turned visible that
the modification of the properties of pulp and paper, it could the tendency was limited to a certain value. According to the
be hypothesized that an excess of CBD reduces the mechan®peeling effect” theory presented by Pommier et al. (1989),
ical peeling effect of fines from the surface of fibers and drainage increase is limited to the point when enzyme action
consequently worsens the final pulp characteristics. Cellu-turns to be so intense that fiber length and fines content are
lose degradation measurements revealed that no solublaffected. At this moment, drainage improvement will stop
sugars were detectable during the pulp treatment, whichand paper mechanical properties start to decrease dramati-
allows us to assure that the fiber modifications are not cally.
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Enz (02FPU) | -32% [ )-12% —TT) —TT) Table 2 o

Cont (120 min) — Quantification of cellulose degradation (% solubilisation)

Enz (1.7 FPU) ]-30% 2%

Enz (06 FPU) ]36% 4% SampleCelluclast 1.5 Ldosage 0.4 FPU 1.0 FPU 2.0 FPU

Enz (0.4 FPU) 1-32% 1-13%

Enz 02FPU) )-25% 8% 200-50 mesh 0.9 1.8 3.7

Enz (0.1 FPU) 21% 142% >30 mesh 0.7 1.7 3.2

Cont (30 min) e I Non-fractionated 1.0 1.9 4.0

Enz (0.2 FPU) 1-18% 1-4% ]-8% —1-10%

Enz (0.1 FPU) 1-18% 1-4% ]-4% 1-7%

Enz (<0.1FPU) 142% 1+12%| 1+4% 1-4%

Cont (10 min) | EEG—— — — — . . .
o % o ol » o lo 1 2 2 lo e 5w affinity of the enzymes for the shorter fractions, as previ-

Drainage rate (°SR) Tensile Index (Nm/g) Burst Index (KPam®/g) Tear Index (mNm?/g) Ously Suggested

Physical testing showed that the fractionated samples
and the original pulp responded similarly to the enzyme
treatment (Fig. 5). All fiber fractions showed an increase in
drainage at the expense of some of the strength. The single

The “peeling effect” theory can only be applied to the significant exception was the tensile strength, which de-
higher enzyme dosages-0.4 FPU) or longer reaction pe-  clined after the enzymatic treatment of the mixed fibers pulp
riods (120 min) situations, where enzymatic action was but increased in the fractionated samples, especially in the
shown to be important. When the % solubilisation of the shorter fiber fraction. This has been reported as the result of
cellulose is lower, the pulp and paper properties changesfiber flattening, which enlarges the available surface for
require another explanation. bonding and consequently increases the number of effective

Fig. 4 shows the effect dPrimalco Gconcentration on  fiber-to-fiber bonds [12,13,21]. The results highlight the
the old paperboard containers pulp and paper propertiesimportance of the smaller fiber fractions in forming the
According to the results, the enzymatic activity of this tighter fibrous network, responsible for a well-bonded,
enzyme is also related to the physical properties of pulp andstrong paper product.
paper (cellulose degradation values varied in the range 1.1% — Increase in enzyme dosage accentuated the described
1.7%). It was possible to decrease the enzyme dosage seffects. 1.0 FPU was the limiting enzyme concentration as
that paper strength properties were less affected. Neverthebeyond this value both drainage and strength decreased. The
less, the worsening of the pulp drainage could not be tensile improvement observed in the fractionated pulps was
avoided. also dependent on the enzyme dosage, as the detected ben-
efit tends to diminish with increasing enzyme dosage.

Fig. 3. Effect of Celluclast 1.5Lon the pulp and paper properties (old
paperboard containers).

3.3. Enzyme action on different fiber-length fractions

Previous reports suggested a preferential degradation of4. Conclusions
fines and shorter fiber from pulps by the enzymes [1,11,13,
14], as a consequence of the higher surface area of these The present work shows the effect of several glycanases
particles. The interest of the present study was to evaluateon a secondary fiber pulp. Most enzymes improve drain-
the response of two fiber-length fractions to the enzymatic ability, at the same time leading to substantial decrease of
treatment and to compare these results with the ones ob-trength properties. To minimize these losses, a large num-
tained with the enzymatic treatment of the non-fractionated ber of factors have to be accounted for, the pulp composi-
pulp. The reactions took place in the presence of different tion and fiber structure probably being very important, as
dosages ofCelluclast 1.5L(0.4, 1.0 and 2.0 FPU per g of they greatly affect the enzymatic performance. However, as
dry pulp). evidenced by the fact that cellulose-binding domains alone
Table 2 shows the % of solubilised cellulose after the
enzymatic hydrolysis. The amount of sugars released tends

to be higher for the smaller fiber fraction (especially when i e L N | i [
. . . . Enz (1FPU) 4% 1+412% 1-20% [1-23%
2.0 FPU was used), which probably indicates a higher TN E— ———m| | ——m =
Cont (200 - 50 mesh) s 5 =]
Enz (2FPU) [1-17% 1-3% 1-14% — 703
Enz (1FPU) [1-8% 1+41% 1-14% ]-25%
Enz (0.4FPU) [1-8% | e— 73 10% ]45%|
Enz (006 FPU) | ]-28% 1-2% 1% 5% Cont (> 0mest) F— — F—
Enz (0.08 FPU) -19% 0% 7% 2% Enz (2FPU) 1-20% 1-21% )-32% 1%
Enz (0.02 FPU) ]13% 0% 17% 144% Enz (1 FPL) 2% iy [ e ) —
Enz (04FPU) [ ]-4% — J-18% 2%
Control — _ _ — Cont (Nor+ractionated) | EEGEGEGG_—_—_— I —— | —
0 20 40 600 20 40 0 1 2 3 |0 5 10 0 10 20 3 40 500 10 20 30 40 1 2 0 5 10 15
Drainage rate ("SR) Tensile Index (Nm/g) Burst Index 1KPam2Ig) Tear Index (mNszg) Drainage (°SR) Tensile Index (Nm/g) Burst Index (KPam’/g) Tear Index (mNm?/g)

Fig. 4. Effect ofPrimalco Gon the pulp and paper properties (old paper-

board containers).

Fig. 5. Effect ofCelluclast 1.5Lon the pulp and paper properties (frac-

tionated samples).
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