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Abstract | Xylanase is an important feed enzyme that enhances the digestibility of animal feedstocks. Xylanase de-
grades arabinoxylan, thus improving the nutritive value of feed ingredients. In the present work, a 360-d study was
performed to evaluate the effects of different storage forms and temperature on storage stability of exogenous xylanase.
Two xylanase products Fibrozyme®M and Hostazym X 250 Microgranulated; were stored as pure forms, with-a vita-
min premix, a mineral premix or a vitamin and mineral premix at 4 °C (RF) and 35 °C (R), respectively. Sampling was
performed at 45 days intervals. Stability was estimated as the residual of xylanase activity (% of initial) at each sampling
point. All interaction and main effects of temperature, time and treatment had a significant (P< 0.05) effect on xylanase
enzyme stability except for the product (P> 0.05). When xylanase of different products were stored in different forms
at 4 °C, the means of retained activity of Fibrozyme were 90, 98.5, 73 and 63.5% when it was stored singly, mixed with
vitamins, minerals or vitamins plus minerals; respectively. For Hostazyme the retained activities were 81.7,103, 85 and
88%, respectively. When both enzymes were stored at 35 °C; the retained activities of the first were 47%, 94.5%, 82.5%
and 57% and those of the second were 61.25%, 106%, 95.5% and 86.5%, respectively for storing singly, mixed with vi-
tamins, minerals or vitamins plus minerals. Results indicated that xylanases mixed with vitamins retained significantly
higher (P<0.05) activity compared with those stored in a pure form, mixed with minerals or combined minerals and
vitamins. It could be suggested to introduce both xylanases, examined herein, and vitamins premix in one product.
More studies are needed to evaluate the effect of different enzyme sources, storage conditions and composition of the
enzyme preparation on the stability of the product.
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INTRODUCTION

Enzyrnes are catalytic proteins with their active
sites housed inside a 3-dimension structure, mak-
ing them sensitive to some physico-chemical conditions
(Pérez-Portabella, et al., 2001) such as pH, hydrothermal
conditioning and frictional forces (Steen, 2001). The in-
dustrial enzyme business is steadily growing with an an-
nual average increase of 4% in production of feed enzymes
which represents around 17% of the global enzyme pro-

duction (Iyer and Ananthanarayan, 2008). This is due to
the improvement in production technologies, engineered
enzyme properties and new application fields.

In many animal production systems, the limiting factor at
formulating rations is the animal’s ability to digest differ-
ent constituents of the feed raw materials, particularly fib-
er; monogastrics do not produce enzymes that digest fiber
(Sheppy, 2001). A large proportion of this fiber is soluble
beside insoluble arabinoxylan and B-glucan (Bedford and
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Classen, 1991). The soluble fiber (hemi-cellulose) can in-
crease the viscosity of the contents of small intestine, im-
peding the digestion of nutrients and thereby reducing the
growth of the animal. For breaking down the soluble fiber,
the enzyme xylanase degrades arabinoxylan, thus improv-
ing the nutritive value of feed ingredients (Selvendran et

al., 1987).

In feed production, enzymes are added to feed in a single
(pure) form, yet there are many limitations using an indi-
vidual component as feed additive. An individual compo-
nent is used only in very small amount, it might be light or
dense, tend to clump, and requires multiple feeders (Feed
premix market: Global industry analysis and opportunity
assessment 2015-2025).

There are several enzyme products in the market; howev-
er, few scientific studies have been carried out to examine
the potency of exogenous feed enzymes added as enzyme
preparation, vitamin premix, mineral premix or vitamin
and mineral premix (Iyer and Ananthanarayan, 2008; Su-
labo et al., 2011). It will be more beneficial to include en-
zymes in a premix with vitamins, minerals or both as it
makes them easier to test and may decrease the price of the
diet formulation.

Therefore, it is important to monitor the stability of exog-
enous feed enzyme activities, when such enzymes are in-
cluded in commercial feed products (premixes or prepara-
tions). The aim of this study is to evaluate the commercial
xylanase stability, following to single or combined storage
with vitamin premix, mineral premix or vitamin plus min-
eral premix at two different storage temperatures.

MATERIALS AND METHODS

This study was conducted at the Enzyme lab, Regional
Center for Food and Feed, Agricultural Research Center,
Giza, Egypt.

CHARACTERIZATION OF XYLANASES AND PREMIXES

In this experiment, two commercially available xylanases
with different activities obtained from the dried 77ichoder-
ma longibrachiatum fermentation extract, were used. Three
types of premixes were also used; one vitamin premix
(Bio-Vitasol produced by Bio pharmachemie, Vietnam,
declared potency of vitamin A is 6 MU/kg and vitamin
E is 4 g/kg), one mineral premix (Qilimix IIT produced
by Tank, China), and one mineral plus vitamin premix
(Vitamino Light, Multivitamins fortified with minerals
produced by Anfotal Nutrition, China, declared potency
of vitamin A is 12 MU/kg and vitamin E is 7 g/kg) (Ta-
ble 1). The xylanase enzymes products used herein include:

Fibrozyme®M (declared potency of 100XU/g) (P1); Hos-

tazym X 250 Microgranulated (declared potency of 6000
EPU/g) (P2).

Table 1: Composition of the mineral, vitamin and mineral
plus vitamin premixes used in the study

Mineral Vitamin Mineral and

Items

M)2 (V) vitamin pre-
mix (V+M?2)

Vitamin A, IU - 6000000 12000000
Vitamin D3, IU - 1000000 2500000
Vitamin B1, mg - 1330 2000
Vitamin B2, mg - 2000 6000
Vitamin B6, mg - 1000 3000
Vitamin B12, pg - 3330 15000
Vitamin B3, mg - 9000 30000
Vitamin B5, mg - 4500 12000
Vitamin C, mg - 3000 @ ----—---
Vitamin E, mg - 4000 7000
Biotin, pg - 30000 150000
Folic acid, mg = 400 1500
Menadione, mg - 1000 3000
Choline chloride, mg = =
Ferrous sulphate, mg 46670 - 30000
Copper sulphate, mg 6670 = 5000
Manganese sulphate, mg 66000 - 80000
Zinc sulphate, mg 46600 - 60000
Potassium iodate®, mg 660 = 500
Cobalt chloride, mg 130 - 133
Sodium Selenate , mg 200 - 100
Chromium, mg 0.130 -

“Mineral (M): The stated values are for the elements expressed

in mg/kg product; *: Value of Todine expressed in mg/kg product

Raw XYLANASE PRODUCTS AND PREMIXES

On day zero, one kg of each of the two xylanase products
were divided into 8 open, plastic bags (2 as controls and 6
treatments). The control bags from each enzyme products
were stored in a refrigerator (RF) at 4 °C and referred to as:
P1RF and P2REF, or at controlled room temperature (R) at
35 °C and termed: P1R and P2R.

Two (100g) samples of each type of the three premixes were
taken and put into two plastic bags; one was refrigerated at
4°C and the other was stored in a controlled room temper-
ature at 35 °C. At sampling, the bag was mixed. Samples
from enzyme-containing bags were analysed for xylanase
activity at zero day and at 45 days intervals up till through-
out the course of the study (360 days), while vitamin mix-
ture and vitamins plus mineral premix were analyzed for

vitamin A (National Food Agency of Denmark, 1996) and
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vitamin E (Leth and Sondergaard, 1983) (available analy-
sis) at zero day, 180 day and 360 day. Xylanase activity was
assayed according to McCleary and Monaghan (1999).

PREMIXES

Samples from each xylanase product (3 treatments with
each enzyme product) were added and mixed with vi-
tamin premix (V), mineral premix (M) or vitamins plus
minerals premix (VM). The added amount of xylanase en-
zyme from each product were estimated according to the
recommendation of the registration document in Egypt,
Fibrozyme®M (1000 g/ton), Hostazym X 250 Micro-
granulated 50 g/ton feed, vitamins premix (50 g/100L of
drinking water), minerals premix (2000 g/ton) and min-
erals and vitamins premix (1000 g/ton). Each treatment
was homogenized using a blender. Three bags from each
enzyme product were stored in refrigerator (RF) at 4 °C
and designed as: P1+VRF, P1+MRF, P1+VMRE, P2+VRE,
P2+MREF, and P2+VMREF; while the other three bags for
each enzyme product were stored at a controlled room tem-
perature (R) of 35 °C and referred to as: P1+VR, P1+MR,
P1+VMR, P2+VR, P2+MR, and P2+VMR. Samples from
bags containing xylanase plus premixes were analyzed for
xylanase activity (replicate analysis) at zero day and each 45
days throughout the course of the study (360 days). Poten-
cy of vitamin A and E in all treatments was also measured

at zero day, day 180 and day 360.

Table 2: Probabilities of main effects and interaction of
products, treatments temperature and time on enzyme
stability (as defined by percentage of initial xylanase
activity)

Item P- values
Product 0.31
Treatments 0.001
Temperature 0.001
Time 0.001
Product x Treatment 0.001
Product x Temperature 0.001
Product x Time 0.001
Treatment x Temperature 0.001
Treatment x Time 0.001
Temperature x Time 0.001
Product x Treatment x Temperature 0.001
Product x Treatment x Time 0.001
Treatment x Temperature x Time 0.001
Product x Treatment x Temperature x Time 0.001

STATISTICAL ANALYSIS

Data were analyzed using a mixed model (MIXED pro-
cedure; SAS Institute (1991) to determine the interaction
and main effects of product, storage form, storage temper-

ature, and storage time on the activity of two commercially
available xylanase sources. At the end of the storage period,
means of xylanase activity were compared using Duncan’s
new multiple range test (Duncan, 1955) at P< 0.05.

RESULTS

All interaction and main effects of temperature, time and
treatments were significant (P< 0.05; Table 2) on xylanase
enzyme stability except for the product (P> 0.05).

Irrespective of treatments, activity of the two enzyme
products stored singly (in the pure form) followed a similar
trend (Figure 1 and 2), in which the retained activities had
increased till day 135, then started to decrease significantly
(P<0.05) till they reached the least activities at the end of
the storage period (360 days). Yet, the retained xylanase
activities were better in the pure form when stored at 4 °C
(P1RF 90% and P2RF 81.7%) than when stored at 35 °C
(P1R 47% and P2R 61.25%).
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Figure 1: Xylanase residual activity for Fibrozyme®M as affected
by storage temperature [refrigerator (4 °C) and controlled room

temperature (35 °C)]
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Figure 2: Xylanase residual activity for Hostazym X 250
as affected by storage temperature [refrigerator (4 °C) and
controlled room temperature (35 °C)]

For both xylanase products (Figure 3, 4, 5 and 6), when
xylanase enzymes were mixed with vitamin premix, and /
or vitamins and minerals a significant difference(P <0.001)
was observed in the retained enzyme activities between

those stored at 4 °C, being 98.5% for P1+VRE, 63.5% for
P1+VMRE, 103% for P2+VRF and 88% for P2+VMRF
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and the corresponding values when stored at 35 °C were
94.5% for P1+VR, 57% for P1+VMR, 106% for P2+VR
and 86.5% for P2+VMR.

On the other hand, xylanase enzymes mixed with miner-
al premix (Figure 7 and 8) had better retained activities,
when stored at 35 °C being 82.5% for P1+MR, 95.5% for
P2+MR compared to those stored at 4 °C being 73% for
P1+MRF and 85% for P2+MRF.

Product 1 ,(P1+V), 35°C-4°C
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Figure 3: Xylanase residual activity for Fibrozyme®M mixed
with vitamin premix as affected by storage temperature
[refrigerator (4 °C) and controlled room temperature (35 “C)]
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Figure 4: Xylanase residual activity for Fibrozyme®M mixed with
vitamins and minerals premix as affected by storage temperature
[refrigerator (4 °C) and controlled room temperature (35 “C)]
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Figure 5: Xylanase residual activity for Hostazym X 250
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Figure 6: Xylanase residual activity for Hostazym X 250
Microgranulated mixed with vitamins and minerals premix
as affected by storage temperature [refrigerator (4 °C) and
controlled room temperature (35 °C)]
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Figure 7: Xylanase residual activity for Fibrozyme®M mixed
with minerals premix as affected by storage temperature
[refrigerator (4 °C) and controlled room temperature (35 °C)]
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Figure 8: Xylanase residual activity for Hostazym X 250

Microgranulated mixed with minerals premix as affected by
storage temperature [refrigerator (4 °C) and controlled room
temperature (35 °C)]
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Microgranulated mixed with vitamins premix as affected by Figure 9: Xylanase residual activity for Fibrozyme®M whether

storage temperature [refrigerator (4 °C) and controlled room

temperature (35 °C)]

in a pure form or mixed with vitamins, minerals or minerals and
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Figure 10: Xylanase residual activity for Fibrozyme®M whether
in a pure form or mixed with vitamins, minerals or minerals and
vitamins as affected by time at 4 °C
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Figure 11: Xylanase residual activity for Hostazym X 250

Microgranulated either in a pure form or mixed with vitamins,
minerals or minerals and vitamins as affected by time at 35 °C

'There were significant (p<0.05) differences in the retained
activity of Xylanase stored combined with vitamin pre-
mix which retained higher activity compared with those
stored singly in pure form, stored with mineral premix or
combined with minerals and vitamin premix (Figure 9,
10, 11 and 12) and Table 3. It was observed that xylanase
enzymes stored in pure form at 35 °C exhibited the min-
imum retained enzyme activity being, 47% for P1R and

61.25% for P2R.

The lowest retained values of vitamin A and E were ob-

served in vitamins and mineral premix mixed with en-
zymes and stored at 35 °C for 360 days, while the highest
retained values for vitamin A and E were observed in vita-
mins mixed with enzymes or stored in a pure form at 4 °C

for 360 days (Table 4).
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Figure 12: Xylanase residual activity for Hostazym X 250

Microgranulated either in a pure form or mixed with vitamins,
minerals or minerals and vitamins as affected by time at 4 °C

Table 3: Effect of vitamins, minerals or minerals and
vitamins premix on commercial xylanase activity stored at

4°C or 35 °C for 360 days

Items Product 1* Product 2**
4°C 35°C  4°C 35°C
b d b c
Enzyme Pure (P) %  90.00° 47.00° 4903 3675
Enzyme + Vitamin a a a ab
ozt (1097 06 101.0° 96.50° 6426 6048
Enzyme+ Minerals c b b a
ozt (D) 04 76.00 85.50° 5411 6641
Enzymes + (Vitamins d . b b
and Minerals premix ~ 65.00° 58.50° 5410° 5343
(P+ (VM)) %
a,b,c,d.

: means within columns with different letters are significantly
different p<0.05; *Product 1: Fibrozyme M; **Product 2:
Hostazym X 250

Table 4: Effect of different forms of mixtures on the retained potency values of vitamin A and vitamin E stored at 4 °C

and 35 °C for 360 days

Items Days Vitamins (V) Vitamins and minerals (V+M)
4°C 35°C 4°C 35°C
A(MU/kg) E(g/kg) A(MU/kg) E(g/kg) A(MU/kg) E(g/kg) A(MU/kg) E (g/kg)
Pure (P) Zero  6.59 3.69 6.58 3.65 16.25 7.61 16.20 7.40
180 6.29 3.23 5.82 3.23 15.45 7.50 15.31 7.35
360 6.26 3.21 5.65 3.20 14.30 6.50 14.37 6.40
Zero  6.50 3.60 6.49 3.60 16.20 7.55 16.15 7.30
Product1 180  6.20 3.18 5.74 3.18 15.40 7.44 15.26 7.25
360 6.18 3.07 5.58 2.95 13.85 6.44 13.52 6.00
Product2  Zero  6.55 3.62 6.51 3.65 16.22 7.58 16.18 7.35
180 6.23 3.20 5.78 3.20 15.42 7.46 15.28 7.27
360 6.10 3.10 5.62 3.08 14.08 6.45 13.44 5.78
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DISCUSSION

Xylanase is added to animal feed in order to improve the
nutritional properties of agricultural silage and grain feed.
According to Motta et al. (2013), the incorporation of xy-
lanase into rye-based diet of broiler chickens resulted in a
reduction of their intestinal viscosity which in turn led to
an improvement in both the weight gain of the chicks and
their feed conversion efficiency. As a catalytic protein, xy-
lanase is sensitive to denaturation reactions. Denaturation
is the unfolding of the enzyme tertiary structure to a disor-
dered polypeptide, which may lead to an irreversible loss of
activity or inactivation (Iyer and Ananthanarayan, 2008).

It is a common practice that enzymes’ manufacturers pro-
vide averages in enzymes activity to account for the po-
tential losses during storage and feed processing. There are
limited data regarding the storage stability of commercial
enzymes products except for those reported during prod-
uct registrations (European Food Safety Authority, 2013).

The results of the present study demonstrated that, there
were no significant differences (P> 0.05) in enzyme stabil-
ity between the two types of xylanase products examined
here. This might be due to that the xylanase in both prod-
ucts had resulted from the dried extract of the same source
of fungi (Trichoderma longibrachiatum).In harmony with
the present results, Sulabo et al. (2011) reported that when
phytase is stored at room temperature (23 °C) or lower,
the pure product retained most (approximately 85%) of its
activity for up to 60 days of storage regardless of phytase

source.

'The present study results indicated that regardless of xyla-
nase source pure Fibrozyme and Hostazym enzymes stored
at 35 °C for 360 days retained 47% and 61.25% from their
initial activities, respectively, while when stored at 4 °C re-
tained 90 % and 81.7%, respectively. These retention rates
nearly agree with those reported by the European Food
Safety Authority (2013) for Hostazym products. In this
report the product had retained 75 to 79% of its initial ac-
tivity when stored for six months at 40 °C. There were no
available data about Fibrozyme investigated in this study.

It was reported for other enzymes that when phytase was
stored for 150 days at 5 °C the retained activities were be-
tween 80% and near 100% from the initial activities (Su-
labo et al., 2011). However, the retained phytase activities
were from 40% to 60 % when stored at 37 °C for the same
period, they suggested that regardless of phytase source,
the environmental conditions were sufficient to denature
the enzyme and reduce its activity.

When each product of xylanase enzymes, investigated
herein, were mixed with vitamins, and /or vitamins and

minerals and stored at 4 °C for 360 days, the retained ac-
tivities were 98% for P1+VREF, 63% for P1+VMRE, 103%
for P2+VRF and 87% for P2+VMREF. While, when the
same ingredients were stored at 35°Cthe retained activ-
ities were 94% for P1+VR, 56% for P1+VMR, 105% for
P2+VR and 86% for P2+VMR.

The present results agree with the reported stability of
Hostazym X 30000 which was evaluated previously when
mixed with vitamin and mineral premixes and stored at 25
°C and 35 °C for up to six months (European Food Safety
Authority, 2013); means of measured activities were 93%
and 80%, respectively. Yet, the retained activity in our study
was better at 35 “C (86%) compared with that reported by
the manufacturers in product registration (80%).

It was suggested by Sulabo et al.(2011) that storing phytase
enzyme mixed with vitamins and mineral at 25 °C or low-
er, may have advantages in retaining the original enzyme
activity than when storing it at 37 °C.

Irrespective of enzyme source and temperature, xyla-
nase products mixed with vitamins retained significantly
(P<0.001) retained better activities than those mixed with
mineral premix, mineral and vitamin premix and in pure
forms. There are two hypotheses why this case occurred.
'The first hypothesis is that some vitamins had a fatty na-
ture which could have acted as a coat and protected the
enzymes from losing their activities. The second hypoth-
esis is that most vitamins especially the B complex group
function as precursors for enzyme cofactors that help en-
zymes in their work as catalysts. In this case, vitamins may
be tightly bound to enzymes as a part of the prosthetic
groups. Vitamins may also be less tightly bound to the
enzyme, as they act as detachable molecules that function
to carry chemical groups or electrons between molecules.
'These roles assist in enzyme —substrate reaction (Bolander,

2006).

According to Klibanov (1983), minerals had ion effects
and with the presences of protein charged groups this leads
to a salting out and compression of enzyme. Our findings
agree with the results of Sulabo et al. (2011) who found
that a loss of phytase activity was greater when phytase
was mixed with vitamins and minerals premixes than when
it was mixed with vitamin premixes. The objective of this
study was not to identify specific vitamin or trace minerals
that may have contributed to greater loss or improve in
xylanase activity.

CONCLUSION

It could be suggested to introduce both types of tested
commercial xylanase enzymes and vitamin premix in one
product to reduce the cost of feed formulation for com-
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mercial animal production. Yet, more studies are needed
to examine the effect of different enzyme sources, storage
conditions and composition of enzyme preparation on the

stability of the product.
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