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The aim of study was to investigate the influence of naturally occurring zeolite and
diatomaceous earth, as inert dusts approved for insect pest control in certified organic
crop production, on trading and breadmaking quality of treated wheat. The treatments
significantly reduced the trading quality of wheat which was reflected through lowering
of test weight. This effect was more marked in the case of low-vitreous wheat rather than
in high-vitreous one. Investigation of rheological properties of flours made from the
treated wheat demonstrated that treatments with natural zeolite and diatomaceous earth
at all applied doses significantly increased the water absorption, which consequently
increased the bread yield. However, these changes in the flour properties were not high
enough to modify the quality attributes of bread as was shown by instrumentally measu-
ring crumb hardness and springiness as well as sensory evaluation.
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INTRODUCTION

Besides having many practical advantages such as good efficacy and relatively low
cost, there are attempts to replace classical pesticides with alternative methods for stored-
product protection due to the growing awareness of public against food products with
chemical residues and increased rate of insect contamination of stored commaodities. In
addition, quick development of resistance to insecticides among insect populations has
been reducing pesticide effectiveness (1, 2).

Natural zeolite (NZ) and diatomaceous earth (DE) are used in reducng pest infesta-
tions in storage facilities according to the valid standards of organically certified produc-
tion (3). This was a reason why researchers started to investigate the efficacy of these
agents in controlling insect pests in stored commodities several decades ago. Diatoma-
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ceous earth is an alternative to chemical control of stored-product insects. It is the fossi-
lized remains of phytoplankton (diatoms) composed of amorphous silicon dioxide that is
non-toxic to mammals (4) and is registered as a food additive in Canada, the USA, and in
many other countries (5). Zeolites are crystalline hydrated tektoalumosilicates consisting
of three-dimensional frameworks of SiO, * and AlOs * tetrahedra linked through shared
oxygen atoms. Zeolites are characterized by their ability (a) to lose and gain water rever-
sibly; (b) to adsorb molecules of appropriate cross-sectional diameter; and (c) to exchan-
ge their constituent inorganic cations without any major change of their structure (6). Ex-
tensive studies have been conducted on the application of DE (2, 5, 7, 8) and natural
zeolites (alkaline aluminum silicates) (9) as a stored-grain protectant.

One disadvantage of using these natural insecticides is lowering of the trading quality
of wheat grains which is especially marked regarding the test weight of grains. This can
be explained as a result of greater friction between kernels, which directly affects their
bulk density and flow properties (5, 10).

Preparations based on these natural ingredients have been successfully used to control
insect infestations and are commercially available under trade names Dryacide and Pro-
tect-1t". Few investigations have been conducted to evaluate the quality of wheat flour
obtained from treated wheat. Commercial cleaning of wheat removed about 98+1% of
Dryacide, and no Dryacide could be detected in the flour. Dryacide treatment did not
affect the flour quality as determined by the volume of sponge cakes and the production
of carbon dioxide by fermenting dough (11). Three samples of wheat were mixed with
0.50 and 300 mg/kg of Protect-1t"before milling, and a sample of 300 mg/kg was added
directly to the flour. There were no significant differences between the samples in: prote-
in content, falling number value, sedimentation value and color. The flour with added 300
mg/kg showed increased dough mixing strength compared to other samples as revealed
by increased farinograph development time and increased extensigraph resistance
measured at 45 and 90 min. The increase of dough strength was not reflected in increased
baking performance (loaf volume) (10).

The objective of this study was to determine the effect of natural zeolite and two types
of diatomaceous earth originating from Serbia and to compare their performances with a
commercial preparation Protect-1t* from Canada. The preparations were applied on soft
wheat characterized with different degree of endosperm vitreousness (high- vitreous and
low-vitreous (mealy) grains), in relation to the wheat trade quality and quality attributes
of the final product, bread.

EXPERIMENTAL

Raw material

Two types of wheat (Triticum aestivum ssp. vulgare) were characterized with diffe-
rent degree of endosperm vitreousness: 17.0% (low-vitreous or mealy grains, LVG) and
81.8% (high-vitreous grains, HVG). The material was procured from local producers.
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Inert dusts

The experiments were carried out using various samples of inert: 1) inert dust based
on NZ originating from Serbia and processed at the Institute for Technology of Nuclear
and Other Mineral Materials in Belgrade; 2) two dust samples based on diatomaceous
earth (DES-1 and DES-2, originating from Serbia) and 3) registered preparation Protect-
It” (Hedley Technologies Inc., Canada).

The dusts used in tests had the following properties:

— NZ contained according to the producer's specification: SiO, (65.7%), Al,O; (14.0%).
CaO (3.6%), Fe,03 (2.3%) and up to 1.5% of MgO, Na,0 and K,0. Particle size <50 pm
was predominant.

— DE S-1 contained according to the producer's specification: SiO, (78.8%), Al,Os
(9.4%) K,0 (0.8%), Na,O (0.08%), MgO (0.1%), CaO (0.6%), Fe,O3 (1.1%) and TiO,
(0.2%).Particle size <50 um was predominant.

— DE S-2 contained according to the producer's specification: SiO, (63.1%), Al,O3
(10.3%). K,0 (0.9%), Na,O (0.08%), MgO (0.3%), CaO (1.0%), Fe,03 (1.7%) and TiO,
(0.3%). Particle size <50 pm was predominant.

— Protect-1t” is a mixture of 90% marine DE, Celite 209, and 10% silica aerogel. It is a
buff colored dust with more than 87% of amorphous silicon dioxide. The tested
formulation contained about 3% of Al,O3, about 1% Fe,O5; and below 1% CaO, MgO,
TiO3, and P,0s. Moisture content of the dust ranged from 3 to 6%. The mean particle size
was between 5 and 6 pm, though more than 80% of the particles had a diameter below 12
um. The specific gravity was 2000 kg/m® and pH in 10% slurry (with doubled distilled
water) was between 5.5 and 5.7 (5).

Inert dust deposition

The inert dust NZ was applied at a dose of 1.0 g/kg, dusts DE S-1 and DE S-2 at the
dose 0.75 g/kg, and Protect-1t* at 0.2 g/kg. Each inert dust was mixed with 500 g of
wheat in a 1000-mL glass bottle manually for 1 minute and on a rotating mixer for 10
min. After that, the wheat sample was placed into a plastic bag and kept at ambient tem-
perature until further examination. Untreated wheat was used as the control sample.

Trading quality

Kernel weight was determined on a tester Perten SK CS 4100 (Kernel Hardness Tes-
ter, Perten Instruments, Reno, Nevada, USA). Test weight was determined on a Schopper
scale.

Samples were analyzed according to the standard ICC (International Association for
Cereal Science and Technology) methods for: endosperm vitreousness (12) moisture con-
tent of cereals (13) and crude protein content (14).
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Milling Procedure

Before milling, wheat grains were cleaned on a laboratory cleaner “Carter Dockage
Tester”. Wheat was tempered by adjusting to 15% moisture content. The tempered wheat
samples were ground in a Bithler MLU-202 mill according to national official method
(15).

Preparation of breads

Farinograph procedure was used to study the rheological properties of dough (16).
Experimental bake tests were performed in accordance with straight dough procedure, as
described in detail in Kaluderski and Filipovi¢ (16). Breads were made from flour
(100%), water (according to water absorption by farinograph), salt (2.0% flour basis) and
yeast (2.5% flour basis).

Instrumental Textural Analysis

Bread instrumental textural attributes were measured on a TA.XT2 Texture Analyzer
(Stable Micro Systems, Surrey, UK), using a 36 mm flat-end compression disc (probe
P/36R). Bread firmness and resilience were measured according to a modified 74-10A
AACC method (17). The firmness value is the peak force of the first compression of the
product. Resilience is measured as the area during the withdrawal of the first compres-
sion, divided by the area of the first compression. It describes how well a product regains
its original position. It could be referred as instant springiness. Instrument settings were
as follows - mode: measure force in compression, pre-test speed: 1.0 mm sec™, test-
speed: 1.7 mm sec™, post-test speed: 1.7 mm sec™, strain: 40%, trigger force: 5g. The
samples were tested 24 h after baking. Total crumb thickness was 25 mm. The first three
slices from either end were excluded from testing. Triplicate measurements for each of
the two loaves were made.

Statistical Analysis

All determinations were performed in triplicate unless otherwise stated. The statistical
analyses were conducted using one-way ANOVA procedures. Differences in samples due
to wheat treated with natural zeolite and diatomaceous earth were tested for statistical
significance at p=0.05 level. Tukey’s Honestly Significant Difference was used to diffe-
rentiate between the mean values. Analyses were done with Statistica 9.1 statistical soft-
ware (StatSoft Inc., Tulsa, Oklahoma).
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RESULTS AND DISCUSSION

Low-vitreous wheat (LVG) had lower degree of vitreousness (17.0%) as well as lower
protein content and sedimentation value in comparison with high-vitreous wheat. This is
in accordance with data reported by Pomeranz (18).

Treatments with NZ and DE did not cause significant changes in the moisture and
protein content either in the samples of lowor high vitreous wheat. The only significant
change was related to the test weight parameter. This is consistent with the findings of
Koruni¢ et al. (5, 10). It seems that the addition of DE to grains creates greater friction
between kernels, which affects their test weight and flow properties. The test weight of
HVG was greater than that of LVG wheat due to different grain vitreousness degree (12)
and this parameter ranged from 79.3 kg/hl in HVG to 71.2 kg/hl in LVG (Table 1).

Table 1. Evaluation of the effects of NZ and DE on physical and chemical parameters
of LVG and HVG wheat

Whe_at Treatment Moisture Test weight Vitreouness | Protein content
grain content (%) (kg/hl) (%) (%/d.m.)
g Control 12.8+0.07 a 75.45+0.61 a 17.0+£2.52 a 11.6£0.05a
E = DE S-1 129+0.08 a 71.25+0.58 b 16.7+3.54a 11.6+0.04 a
§ b DE S-2 12.8+0.08 a 71.3+042b 17.0+£2.72 a 11.5+0.05a
% s Protect-1t® 12.8+0.07 a 71.65+0.55b 18.7+3.14a 11.7+0.06 a
- NZ 12.8+0.08 a 71.6+0.48 b 18.0+232a 11.7+0.04 a
4 Control 12.2 £ 0.06A 79.3+0.68 A 81.8+229 A 13.7£0.05 A
E = DE S-1 12.3+0,06 A 77.65+0.42 B 79.0 £ 2.45A 13.8+0.07 A
§ b DE S-2 12.2+0.07 A 77.75+0.48 B 793 +£2.62 A 13.8+0.05 A
5 s Protect-1t® 123+0.07 A 77.70+£0.54 B 82.5+£255A 13.8+0.06 A
T NZ 12.3+0.07 A 78.60 + 0.66 AB 82.0+£2.78 A 13.7+0.05 A

Mean values in the same column followed by different letters of the same case are significantly different
(P <0.05).

Test weight of low-vitreous wheat ranged from 75.45 kg/hl (control) to 71.25 kg/hl
(DE S-1), which is a highly significant variation. Within the group of treated low-vitreous
wheat no significant differences in the test weights were observed. The percentages of
test weight reductions in the treated LVG wheat samples compared to the control were
uniform and ranged from 5% (Protect-1T") to 5.6% (DE S-1) (Table 1).

Similar observations were made in the case of high-vitreous wheat. The only signifi-
cant difference between the treated samples and control was in the test weight. However,
the percentages of reduction were lower than those in LVG wheat and ranged from 2.1%
(NZ) to 2.7% (DE S-1) (Table 1).

Water absorption of flour depends on the content of proteins and gluten quality (19),
which explains the difference in the water absorption features between LVG and HVG
wheat (Table 2). Farinographic measurements showed that the incorporation of NZ and
Protect-1t in wheat significantly changed one single parameter - water absorption
(P<0.05). In the study of Koruni¢ et al. (10), it was found that water absorption of the
sample treated with DE was increased, but the variation was neither correlated to the dose
nor was found significant. Although Desmarchelier and Dines (11) reported that only 2%

5
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of diatomaceous earth remains in the flour after wheat treatment, significant increase in
water absorption found in this study for both soft and hard wheat, over all treatments,
could be attributed to the presence of NZ and DE in the samples. This could be supported
by the fact that NZ and DE are known as crystalline and amorphous substances with high
moisture absorption ability (6) which presumably increased the water absorption of the
flour. However, this minimal amount that remained in the samples did not significantly
affect other farinograph parameters (Table 2).

Table 2. Evaluation of the effects of NZ and DE on farinograph parameters of LVG
and HVG wheat

Wheat i Farinogr_aph parameters _ '
: Treatment Water absorption 15-minute drop | Farinograph Quality

grain value (%) (BU) Number

2 Control 524 a 75a 53.3a

8= DE S-1 53.3b 80a 51.4a

£g DE S-2 53.3b 78a 51.2a

% [ Protect-It" 53.2b 79a 49.4a

- NZ 53.2b 80a 51.6a

g Control 59.7A 65 A 65.9A

3 . DE S-1 61.6B 60 A 66.2A

e DE S-2 61.5B 60 A 68,3A

5= [ Protect-It” 59.9A 61A 67.4A

T NZ 61.9B 61 A 68.2A

Mean values in the same column followed by different letters of the same case are significantly
different (P < 0.05).

Water absorption is positively correlated with dough and bread yield (19), which was
confirmed by the results obtained in this study: bread yields of the control samples in
both wheat groups were significantly lower than those obtained for wheat treated with
NZ and DE (Table 3). Considering the baking performance of the tested flours, there we-
re no significant differences in the specific volume of breads or in the crumb texture
(firmness and resilience) between the treated samples and the corresponding controls.

Table 3. Evaluation of the effects of NZ and DE on baking performance of LVG
and HVG wheat

Whe_at Treatment !_oaf I_3read Loaf specific TA firmness | TA resilience
grain weight (g) | yield (g) | volume (mL/g) (9) (%)
2 Control 155.5a 126.5a 4.13a 696.81a 36.65a
3 - DE S-1 157.2b 126.8b 4.10a 740.89a 35.77a
£2 DE S-2 157.8b 129.4b 4.00a 776.06a 34.15a
é = Protect-1t® 157.7b 128.8b 4.08a 753.55a 34.73a
- NZ 157.7b 128.9b 4.18a 771.44a 34.80a
8 Control 163.6A 134.9A 3.28A 1502.67A 36.37A
§ = DE S-1 166.1B 136.4B 3.36A 1456.10A 37.44A
g2 DE S-2 166.0B 136.3B 3.39A 1422.62A 37.69A
g, = Protect-1t® 164.0AB 134.1A 3.36A 1442.06A 38.32A
T NZ 166.4B 135.6B 3.38A 1496.39A 36.93A

Mean values in the same column followed by different letters of the same case are significantly different
(P <0.05).

6
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Similar findings related to bread volume were reported by Koruni¢ et al. (10), how-
ever, published data on other bread quality attributes such as crumb texture are deficient.

Breads made from low-vitreus soft meat

Crumb elasticity
L]

Flavour mgz Crumb quality

——CONTROL
-u-DES-1

-a DES-2
---Minazel

= Protect-IT

Crust Colour’ Pore uniformity

Breads made from high-vitreus soft meat

Crumb elasticity
.

Flavour Crumb quality

——CONTROL
-m-DES-1
4 DES-2
-x--Minazel
= Protect-IT

Crust Colour Pore uniformity

Figure 1. Radar diagrams of the sensory properties of different breads

As seen in Figure 1, there were no differences in the sensory properties of breads as
compared to their corresponding controls.

CONCLUSIONS

The results of this experiment confirmed that wheat grains can be treated against in-
sect pests during storage with inert dusts approved in organically cultivated crops such as
natural zeolite (NZ) and diatomaceous earth (DE) without having adverse effect on the
quality of the final product bread.

However, treatments with NZ and DE significantly decreased the test weight of
wheat, which is a major disadvantage of the treatments as it led to significant reduction of
the trading quality, but this circumstance can be counterbalanced by a higher organic
market price. The percentage of test weight reduction was greater in low-vitreous wheat
than in hard wheat.

Treatments with NZ and DE significantly increased the moisture absorption, dough
and bread yield. However, bread properties such as specific volume, crumb hardness and
resilience, as well as sensory attributes were not significantly affected by the treatments.



APTEFF, 42, 1-288 (2011) UDC: 633.11:664.661:664.64.016
DOI: 10.2298/APT1142001B BIBLID: 1450-7188 (2011) 42, 1-9
Original scientific paper

Acknowledgements

This study was supported by the Serbian Ministry of Education and Science (Projects
111 46005 and 111 46008). The authors would like to express their gratitude to the compa-
ny AgroChem MAKS from Zagreb, Croatia, for providing samples of Protect-It* prepa-
ration.

REFERENCES

1. Kljaji¢, P., and Peri¢, 1.: Resistance of stored-product insects to insecticides (Rezi-
stentnost skladi$nih insekata prema insekticidima). Pestic. & Phytomed. (Pesticidi i
fitomedicina). 20(2005) 9-28 (in Serbian with abstract in English).

2. Koruni¢, Z: Diatomaceous earths, a group of natural insecticides. J. of Stored Prod.
Res 34 (1998), 87-98.

3. Codex Alimentarius Commission: Guidelines for the Production, Processing and Mar-
keting of Organically Produced Foods, GL 32-1999, (Adopted 1999. Revisions 2001,
2003, 2004 and 2007. Amendments 2008, 2009 and 2010).

4. Anonymous: Silica and Some Silicates. IARC Monograph Series: 42. WHO, Lyons
(1987) pp. 289.

5. Korunic, Z., Cenkowski, S., and Fields, P.: Grain Bulk Density as Affected by Diato-
maceous Earth and Application Method, Postharvest Biol. Technol. 13 (1998) 81-89.

6. Dakovic, A., MatijaSevi¢, S, Rottinghaus, G. E., Dondur V., Pietrass T. and Clewett
C.F.M.: Adsorption of Zearalenone by Organomodified Natural Zeolitic Tuff. J. Col-
loid Interface Sci. 311 (2007) 8-13.

7. Athanassiou, C.G., Vayias, B.J., Dimizas, C.B., Kavallieratos, N.G., Papagregoriou,
A.S., Buchelos, C.Th: Insecticidal efficacy of diatomaceous earth against Sitophilus
oryzae (L.) (Coleoptera: Curculionidae) and Tribolium confusum du Val (Coleoptera:
Tenebrionidae) on stored wheat: influence of dose rate, temperature and exposure
interval, J. of Stored Prod. Res. 41 (2005) 47-55.

8. Vardeman, E. A., Arthurb, F. H., Nechols, J. R. and Campbell, J. F.: Efficacy of Sur-
face Applications with Diatomaceous Earth to Control Rhyzopertha dominica (F.)
(Coleoptera: Bostrichidae) in Stored Wheat. J. Stored Prod. Res. 43(2007) 335-341.

9. Kljaji¢, P., Andri¢, G., Adamovié¢, M., Bodroza-Solarov, M., Markovi¢, M. and Peri¢,
I.: Laboratory Assessment of Insecticidal Effectiveness of Natural Zeolite and Diato-
maceous Earth Formulations against Three Stored-Product Beetle Pests. J. Stored
Prod. Res. 46 (2010) 1-6.

10. Korunic, Z., Fields, P.G., Kovacs, M.1.P., Noll, J.S., Lukow, O.M., Demianyk, C.J.
and Shibley, K.J.: The Effect of Diatomaceous Earth on Grain Quality. Postharvest
Biol. Tec. 9, 3 (1996) 373-387.

11. Desmarchelier, J. M. and Dines J. C.: Dryacide Treatment of Stored Wheat: its Effi-
cacy against Insects and after Processing, Aust. J. Exp. Agr.27, 2 (1987) 309-312.

12. International Association for Cereal Chemistry. ICC Standard No 129, ICC, Vienna,
Austria (1996).

13. International Association for Cereal Chemistry. ICC Standard No 109/1, ICC, Vienna,
Austria (1996).


http://198.81.200.2/science/journal/09255214
http://198.81.200.2/science/journal/09255214
http://198.81.200.2/science/journal/09255214
http://198.81.200.2/science?_ob=PublicationURL&_tockey=%23TOC%235144%231996%23999909996%23588313%23FLP%23&_cdi=5144&_pubType=J&view=c&_auth=y&_acct=C000061922&_version=1&_urlVersion=0&_userid=4099212&md5=5f205e91f49229d6c858442a07581d18

APTEFF, 42, 1-288 (2011) UDC: 633.11:664.661:664.64.016
DOI: 10.2298/APT1142001B BIBLID: 1450-7188 (2011) 42, 1-9
Original scientific paper

14. International Association for Cereal Chemistry. ICC Standard No 105/2, ICC, Vienna,
Austria (1996).

15. Regulation on the physical and chemical methods for quality control in cereals, mill-
ing and bakery products, pasta and deep frozen products. The Official Gazette of
SFRJ 74/1988.

16. Kaluderski, G. and Filipovi¢, N.: Methods of Analysis of Flour, Bakery Products and
Pastas, Cvetnik, Novi Sad, Serbia (1990).

17. AACC. Method 74-10A inApproved Methods of the American Association of Cereal
Chemists (AACC), 10" edition, The Association, St. Paul, MN (2003).

18.Pomeranz, Y.: Wheat-Chemistry and Technology, AACC, St. Paul, Minnesota
(1971).

19. Pakovi¢, Lj.: Wheat Flour, Faculty of Technology, Novi Sad (1997).

INPOMETHMU KBAJIUTET U IEHUBHA CBOJCTBA NIINEHUIIE
TPETUPAHE ITPUPOJHUM 3EOJIUTOM U TUJATOMEJCKOM 3EMJ/bOM

Mapuja F. Boopoosica Conapos °, ITemap Knajuh®, F'opan Andpuh®, Mapujana Ipaxcuh
Tonuh®, Bojana B. Gununues®, Onusepa Llumypuna® u Munan Adamosuh’

2 Vuusepsuter y HoBom Cany, MacTHTYT 32 TpexpambeHe TexHoioruje, bysesap uapa Jlasapa 1,
21000 Hosu Can, Cpbuja
0 VIHCTUTYT 3a IeCTHIME U 3aIITHTY XKUBOTHE cpenune, banarcka 316, 11080 beorpan, Cpbuja

® HCTHTYT 33 TEXHOJIOIH]y HyK/IEAPHHX H APYTHX MHHCPATIHHX CHPOBHHA,
Bynesap ®panmn 1'Enepea 86, 11000 beorpazn, Cpouja

Iub oBOr pama je OMO Ja ce WUCHHTA YTHIA] MPUPOIHOT 3€0JUTAa U JUjaTOME|CKE
3eMJb€ Ka0 MHEPTHUX MpalluBa 3a Cy30Hjame CKIAIUIIHUX MHCEKAaTa y OpPraHCKH cep-
TU(GHUKOBAHO] TPOM3BOAY, HA IIPOMETHY BPEAHOCT IILIEHUIIE U OCOOMHE (HMHAIHOT MPO-
u3BOJa, Tj. xyeba. TperMaHu cy 3Ha4ajHO yTULIAIM HA Iaj MPOMETHE BPEJHOCTH IIIie-
HHUIIE, [ITO Ce HajBHIIC OPa3HJI0 Ha MajJ XEKTOJUTapcke mace mineHuie. OBaj edekar je
OHMO MHOr0 M3paXCHHWjH KOJ OpallHaBe MIICHUIIE HEro KOJ cTakjiaBe. VcmuTuBameM
PEOJIOIIKKX CBOjCTaBa OpamiHa O TPETHUpaHe MIICHHIEC YTBPHEHO je Oa Cy 3CONHUT H
JMjaTOMEjCKa 3eMJba y NMPUMEHCHUM KOHIIEHTpalMjaMa YTHULAIM Ha 3HAYajHU MOPAcCT
Mohu ymujama BoJle IITO je YTHIAJIO M Ha MOpacT mpuHoca xiieba. MelyTum, oBe mpo-
MEHe HHCY OMiie TaKBOI MHTCH3WTETa Ja W3a30BY 3HA4YajHEe PA3NIUKe Y KBAIUTETy (H-
HaJIHOT MPOU3BOJA XJIe0a, ITO je U MOKa3aHO HHCTPYMEHTAIHHM METO/IaMa HCIIHTHBAbA
yBpcTohie U enacTHYHOCTH CperHe XJie0a Kao U HheroBOM CEH30PCKOM OLIEHOM.

KibyuHe peun: nHepTHA MMpammBa, MIIEHUIa, OpanrHo, xi1ed
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