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Cold plasma is an environmentally friendly technology that meets the present ecological requirements. Plasma
is not accumulated in end-used products. As the cold plasma is produced just before usage, there are no requirements
either for storage or activation procedure. Cold plasma has an oxidation-reduction potential. In the bread baking in-
dustry it is used in dough systems to whiten the flour and subsequent bread crumb. Also to promote disulfide bond
formation between glutenin proteins, that improves dough strength. Experiments have been realized to evaluate the
influence of cold plasma treatment on the flour and bread-making quality without the use of any additives. Wheat
flour was treated with cold plasma in counter flow exchange by using the device "Plason". Exposure: concentration
of 1000 ppm at 2.5 L/minute. Time exposition: 45 minutes. Because gas dissociates quickly into molecular oxygen
the assessment of wheat flour was made first just after treatment, and then five days later. As a result of cold plasma
treatment, the treated flour has a brightly creamy color, unlike untreated flour. The content of wet gluten has gone
down a little due to deterioration of its hydration capacity but gluten quality was increased. Improvements in dough
structural and mechanical properties such as, increasing dough stability and dough strength, reduction of dough sof-
tening, all have been observed. The results obtained showed that cold plasma has an effect on bread structural and
mechanical properties. The loaves baked just after treatment demonstrated expansion of the total and specific volume
along with enhancement of their appearance and porosity structure.
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E®EKT HA JIAJHATA IIVIA3BMA BP3 KBAJIMTETOT HA TYEHUYHO BPAIIIHO
N NEKAPCKHOT JIEB

JlanHara mia3Ma € TEXHOJIOTHja KOja I'M 3a[J0BOJIyBa CErallHUTE eKOJIOIIKHM Gapara. [lna3mara He e akyMyJu-
paHa BO KpajHUTE Mpou3BoAM. buiejku namHara mma3Ma ce Ipou3BeayBa HEMOCPEOHO Mpea MPUMeHa, HeMa moTpeda
Ol CKJIAINPathe WK MPOLIEAYPH 32 akTHBUpame. JlaqHara mia3zmMa UMa OKCHIALHOHO-PEeIyKIMOHEH NOTeHIHjal. Bo
nekapckaTa jiebHa HHIYCTpHja ce KOPHUCTi 3a Oeliere Ha OpalllHOTO 3a TECTa M MOCIIEI0BATEeIHO Ha KOpaTa Ha JIeOoT.
Vcro Taka NMOTTHKHYBa CO3/laBambe Ha AUCYyJI(UIHATA BpCKa IOMeEry IIIyTEHCKHTE IPOTEHHH, IITO ja Hoxobpysa
jaunHarta Ha TecToTo. EKCIEpUMEHTHTE ce pealM3UpaHH 3a Ja CC OLCHH BJIMjAHHETO Ha TPETHPAETO CO JIaJHa
ia3Ma Bp3 OpalrHOTO U KBAJTUTETOT Ha JICOOT 0e3 KOPHCTCHE Ha KOM OHIIO aJuTHBU. [[4eHHYHOTO OpariHo Gerie
TpeTHpaHO CO JIajHa IU1a3Ma KopucTejku ja cnpasata “Plason”. Excriosunuja: konuentpauuja ox 1000 ppm Bo 2,5
auTpu/MuHyTa. Bpemencka excriozunuja: 45 mMuHyTH. Buzejkn racor aumcouupa 6p30 BO MOJEKYJIApeH KHUCIOPOL,
OLICHYBAaETO Ha MYCHUYHOTO OpaIllHO IpBO Oellle HApaBEeHO BEAHAII M0 TPETMAHOT, a OTOA HET ACHA MOOLHA.
Kaxko pe3ynTaT Ha TPETHPAKETO CO JIajiHa [UIa3Ma, TPETHPAHOTO OpaIllHO MMa CBETJIa KpemacTa 0oja, 3a pasiuka oj
HeTpeTHpaHoTo OpauiHo. CoapKUHATA Ha BIIaXKEH INIyTECH MaJIKy Ce HaMaJlH 03 BIIOLIYBakbe Ha HErOBHOT XHpa-
TAalOHEH KallallUTeT, HO KBAJMTETOT Ha INIyTEHOT ce 3rojemu. I1oqo0pyBame Ha CTPYKTYpPHHTE M MEXaHHYKUTE
CBOjCTBa Kako IITO CE€ 3r0JEMYyBambeTO Ha CTAOMIIHOCTA M jauyMHATAa HA TECTOTO, HAMAIYBame Ha OMCKHYBambC Ha
TECTOTO, cuTe THe Gea HabsbyMyBaHH. J[0OMEHHTE pe3ynTaTH MOKaXxkaa JeKa JaJHaTa Iia3Ma uMa e()eKT Bp3 CTPyK-
TYPHHTE 1 MEXaHUYKHUTE CBOjCTBA. BekHHTE j1e0 IMeueH! BeIHAI 110 TPETMAHOT M0KaXaa 3roJIeMyBambe Ha BKYITHHOT
U CIIeHU(UYHNOT BOIYMEH 3a€IHO CO II0JJ00pyBame Ha HUBHUOT M3IJIE/ U IIOPO3HATA CTPYKTYA.

Kuayunu 360poBu: mieHHYHO OpalrHo; JaJHa IU1a3Ma; TIIyTeH; CBOjCTBA Ha MMPOM3BEICH J1e0
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INTRODUCTION

Cld plasma has advantages over other tradi-
tional oxidants. It is an environmentally friendly
technology that meets the present ecological re-
quirements. Plasma decomposes rapidly (half-life
of 20-50 minutes) to molecular oxygen; leaves no
residue; not accumulated in end-used products. As
it is produced just before usage, there are no re-
quirements either for storage or activation proce-
dure. Cold plasma has an oxidation-reduction po-
tential. In the baking industry it is used in bread
dough systems to whiten the flour and subsequent
bread crumb. According to Sandhu et al. [1],
plasma treatment oxidizes lipids, increases bright-
ness and reduces the yellow hue of flour, and in-
creases peak viscosity and setback viscosity of
flour. Also it promotes disulfide bond formation
between glutenin proteins, which improves dough
strength. Chittrakorn [3] reported that cakes baked
from common wheat flour treated by plasma (0.06
1/min for 36 min) had larger volume and softer tex-
ture than those produced from the chlorinated
flour. These results suggest that cold plasma could
be used as an oxidizing agent in baking systems.
However, information on application of plasma
treatment is very limited especially for bread mak-
ing.

Experiments have been realized to evaluate
the influence of cold plasma treatment on the flour
and bread-making quality without the use of any
additives.

MATERIAL AND METHODS

Grain of wheat variety “Enola” (T. aestivum)
was conditioned of at 16% moisture content for 18
hr, then milled with MLU 202 Buhler mill to 70 %
flour extraction . The flour was treated with cold
plasma in counter flow exchange using the
"Plason”-Mamel Ltd showed in Figure 1 and Fig-
ure 2. This device is twice as powerful as ozone
gas generators. Exposure: concentration of 1000
ppm at 2.5 I/min. Recommended exposure time by
the company: 30 min and 45 min.

The term “cold plasma” in this specification
is used to indicate a condition in which the charged
particles of a substance have been dissociated to
form of ionized gas by an extremely high level of
energy applied to the substance. The quality of
flour samples was evaluated just after treatment
because of the quickly gas decomposition into mo-
lecular oxygen.

It were determined sedimentation value, con-
tent and quality of wet gluten, rheological proper-
ties of dough, by using devices such as Alveograph
— Chopin, Farinograph — Brabender as well as
bread making quality of untreated and treated
wheat flour .
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Fig. 2.. Device Plason in action

RESULTS AND DISCUSSION

Treated flour with cold plasma for 30 min as
well as for 45 min had a brightly creamy color,
unlike untreated flour. The content of wet gluten
has a little gone down due to deterioration of its
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hydration capacity. Treatment with cold plasma for
both exposure times presented better quality of wet
gluten as a result of decreasing gluten softening
and improving of bread making strength index
(Table 1).

Protein oxidation by cold plasma is the main
suggested phenomenon which could explain the
modification of protein solubility and technologi-
cal properties of flours. According to Sandhu et
al. [1] disulfide bonds play a major role in deter-
mining dough properties. Exposure to oxidants can
increase dough strength by the oxidation of sulphy-
dryl groups to disulfide bonds. Using devices
Farinograph and Alveograph in this study was reg-

istered improvement in dough behavior during
mixing. Increasing dough stability and dough
strength, reduction of dough softening, increasing
of deformation energy (W) as well as index of
swelling, all have been observed in comparison
with control sample Treated samples in Table 2
exhibited deformation energy, W = 254 J-10* and
W=280 J-10*. Violleau et al. [2] also reported
that ozonation of wheat grain had led to flour with
higher force and tenacity and lower extensibility
than the control; an increasing of W, and elastic-
ity/extensibility configuration ratio (P/L) were ob-
served. Nevertheless, cold plasma treatment had to
be moderated.

Table 1
Effect of cold plasma on chemical-technological quality of flour
Wheat flour Sedimentation value ~ Wet gluten Dry gluten  Gluten softening  Bread making
(cm?) (%) (%) (mm) strength index
Control (untreated) 56 342 9,7 13.0 50
Treated 30 min 61 333 8,3 9.5 58
Treated 45 min 61 32.1 7.9 10.0 56
Table 2
Effect of cold plasma on rheological properties of dough
Farinograph — Brabender Alveograph — Chopin
Wheat flour Water Dough formation Softening ~ Valorimetric| Deformation Elasticity/Extensibility Index
absorption and stability of dough value energy P/L configuration ratio of swelling
(%) (min) (B.U). (B.U.) (3-10%
Control (untreated) 60.0 7.30 100 54 230.0 1.6 14.1
Treated 30 min 63.0 8.25 80 65 254.0 1.2 16.2
Treated 45 min 63.0 8.57 80 69 280.0 1.2 16.0
Table 3
Effect of cold plasma on bread making quality
Wheat flour Specific loaf volume Total loaf volume Shape formation ratio
(em’/g) (em?) (vd)
Control (untreated) 3.79 560 0.47
Treated 30 min 4.46 620 0.52
Treated 45 min 4.55 657 0.58
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Harkanwal P. S. S. [4] reported cold plasma
has a positive effect on bread structural and me-
chanical properties. The flour exposed for 30 min
as well as for 45 min increased crumb cells, im-
proved gas retention properties of dough which has
resulted in a greater specific and total loaf volumes
along with enhancement of their appearance and
porosity structure than bread from control flour.
Data in Table 3 presented that baking just after
flour treatment has better results obtained from
exposure to 45 min but not significantly different
in compared with bread made from expose to 30
min.

CONCLUSIONS

Cold plasma is not accumulated in end-used
products. As the cold plasma is produced just be-
fore usage, there are no requirements either for
storage or activation procedure.

Treated flour with cold plasma for 30 min as
well as for 45 min had a brightly creamy color,
unlike untreated flour.

The results obtained showed the expose of
wheat flour to cold plasma for 30 min or 45 min

increases dough stability and dough strength, re-
duces dough softening, increases deformation en-
ergy (W) as well as index of swelling, versus con-
trol flour sample

Bread made from flour exposed to cold
plasma for 30 min or 45 min has a higher specific
and total loaf volume, whiter crumb versus that
made from control flour.
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