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Article info Abstract

Original: 21 Feb. 2015 The effects of ground rosemary leaves (2.5, 5, and 10%) and rosemary volatile oil (0.1,
Revised: 16 Apr. 2015 0.2 and 0.4%), on wheat dough rheology, fermentation and its bread quality were
?cgle?p;lei: 191A p.r. 2015 studied. Amylograph results showed a decrease in pasting temperature from 63°C to
28 Sésp ezo?rsl e 61.5°C in all VO doses. Also amylograph results showed ground leaves had an inhibitory

effect on dough a-amylase especially at 2.5%. Farinograph results showed only 0.1%
VO had a significant effect on farino parameters while other treatments generally had a
Key Words: softening effect. Dough fermentation values were decreased at all doses of ground
rosemary leaves, leaves and VOs except for 0.2% VO which had an activation effect. Also the dough and
loaf volume/weight were also decreased at all doses. The loaf shelf life was dose

rosemary volatile oil, S . . .
dependent and significantly increased against mould growth up to thirty days storage.

wheat dough
rheology, dough
fermentation, loaf

shelf life

Introduction

Rosemary (Rosmarinus officinalis L.), is a member of Lamiaceae family, which grows worldwide and has
been cultivated since ancient Egypt, Mesopotamia, China and India [1]. Rosemary is one of the common
herbs used for seasoning and its extract has a wide application as a good source of natural antioxidant for its
phenolic contents.

Rosemary leaves contain a number of potentially biologically active compounds, including rosmarinic acid
and carnosic acid, in addition to other phytochemicals such as camphor, caffeic acid, ursolic acid, betulinic
acid, rosmaridiphenol and rosmanol [2]and Basaga [3].

Ground rosemary leaves are used in its own or with a mixture of spices, as a seasoning in some bakery
products such as Kulecha (pie and cookies), a famous bakery product in Middle East including Iraq and
Kurdistan. Effects of rosemary powder and its volatile oil in wheat flour may result in improving or
dissatisfaction on the dough fermentation and rheological properties [4].

Ozcan (2009) [5] reported that rosemary had improving effects on the extensograph and farinograph
characteristics of wheat flour dough. Further, the effect of rosemary on wheat dough rheology and

161



JZS (2015) 17-3 (Part-A)

fermenting ability were studied by [6] reporting on the loss of the CO, gas (mL) in dough samples with
added rosemary (2.0% alcoholic extraction) using rheofermentometer analyses.

The purpose of this study was to evaluate the effects of ground rosemary leaves and its volatile oil on
rheological and fermentation characteristics of wheat dough and the bread shelf life.

Material and Methods

Materials:
Wheat white flour (78% extraction) trademarked Jenan imported from National Milling Co. UAA, active dry
yeast (Hasmaya), corn oil (Zer), full cream milk powder (Nido) and uniodised salt (Zer) were purchased
from local super market Zara — Sulaimany — Kurdistan - Iraq. Clevenger, Brabender Amylograph (C. W.
Brabender, Duisburg, Germany) and Brabender Pharinograph (C. W. Brabender, Duisburg, Germany).
The fresh green leaves of rosemary were obtained from the farmyard of the Faculty of agricultural Sciences -
University of Sulaimani — Kurdistan - Iraq. All chemical reagents used in this study were Analar grade for
scientific research.
Methods
Proximate analysis

Wheat flour was analyzed for moisture, protein, fat and ash according to the method Nos. 44-15A, 46-10,
30-10, and 08-01 respectively as described in AACC, (2000) [7]. While dried rosemary leaves was analyzed
for moisture, protein, fat and ash methods Nos. 925.09, 920.87, 945.38F and 923.03 respectively according
to AOAC (2004) [8].
Extraction Volatile oils: Volatile oils were extracted by hydro distillation using Clevenger apparatus as
prescribed in BSI method [9].
Preparation of Rosemary leaf powder (RLP)
Rosemary leaves were washed and dried under current of air at room temperature about 22° C then grinded
by coffee grinder, the powder were sieved by 150 um sieve and the particles pass through the sieve were
collected and used in the experiments.
Rheological characteristics
Brabender Viscoamylograph was used to determine the flour paste characteristics according to the method
No. 22-10 as described in AACC (2000) [7], additionally viscoamylograph was used to determine the peak
viscosity at 50° C and gel set back.
Rheological characteristics of flour samples were determined with Brabender Farinograph according to the
method No. 54-21 as described in AACC, 2000 [7]. Dough characteristics such as water absorption, dough
stability, dough development time, tolerance index and softening of dough were interpreted from farinogram.
Gassing power
Gas power as an indictor on dough fermentation was measured according to (AACC method No. 22-14.0.1)
[7] measurement of gassing power by pressuremeter method (AACC, 2000) [7]. Ten g of flour samples with
(7) ml distilled water , (0.2) g yeast and the studied concentration of RLP or RVO were added to form
uniformly dough. Every (30) min of dough fermentation, the gas power was recorded until 3 hours.
Dough Volume
As the above method, the same amount of dough was put in cylinder instead of pressuremeter and the rising
of dough will recorded.

Baking test
AACC (2000) method No.10-9 [7] was used to prepare pan bread (loaf). Full cream milk powder 4.0%,
sucrose 4.0%, salt 1.5%, instant dry yeast 1.5%, corn oil 1% and water 65%, each of Rosemary Leaves
Powder (RLP) 2.5, 5 or 10% and Rosemary Volatile Oils (RVO) 0.1, 0.2 or 0.4%based , on the flour weight,
were added to the formula. Loaves weight and volume were determined after 20 min. of baking time and
cooling using electric balance and rapeseed replacement respectively.
Sensory evaluation
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Eight panelist evaluated the sensory characteristics applied to evaluate pan bread were, crumb color, taste,
flavor and crust color. For excellent parameter 5 degrees was given, while for very bad character 1 degree.
Bread spoilage

All treatments of pan loaves stored separately in closed polyethylene bags at 22 +3°C. The loaves were
observed for mold growth on loaf surfaces on daily basis.

Statistical Analysis

All the data are means of triplicates with standard deviation (SD) and Least Significant Differences (LSD)
for all treatments were calculated using SAS linear models procedure [10].

Results and discussion

Chemical analysis

Proximate analysis of wheat flour showed the moisture, protein, hexane extraction, nitrogen free extraction
and ash percentages were 12.5, 10.50, 1.00, 75.00 and 1.17% respectively (table 1). Bread may be made
from all-purpose wheat flour, especially bread flour, containing protein (12—14%), is recommended for high-
quality bread ( such as pan loaf). However, low protein content flour (9 — 11 %) can also be used to produce
bread [11].

The percentage of flour ash (1.17%) was higher than the applied specification for all-purpose flour, which

is recommended not to exceed than 0.5- 0.6% [12]. The increasing of flour ash content may be due to the
supplementation of used flour with iron salts, which haven’t a noticeable effect on flour or bread color.
Banu, et.al, (2012) [13] found a good quality of bread was produced when bran added to white flour to a
level similar in whole wheat flour.
Hexane extract, protein, and ash percentages of rosemary leaves powder (RLP) were 10.7, 4.6, and 7.8
respectively (table, 1). The high percentage of hexane extract of RLP may play as an improving agent for
dough and final products of breads. On the other hand, the addition of RLP may weaken the flour strength
due to RLP’s low protein and high ash content, resulting in gluten dilution. However, probably the presence
of anti oxidizing agents in the RLP have led to minimize the dilution effect. The high ash content in RLP
though is useful for improving bread quality, in the meantime high amount gives rise to an unacceptable
appearance of the loaf crumb. Salts at low concentrations (less than 0.3M), has strong salting — out
tendencies on gluten protein [14], however salting — out by mineral salts causes strengthening and stability of
gluten.

Table 1: Proximate analysis of wheat flour & Rosemary leaves powder

Samples Moisture Protein Hexane Ash Nitrogen free
% % Extraction % % extraction %*
Wheat flour 12.48+ 10.5£0.12 1.00+ 0.03 1.17+0.09 75.00
0.38
Rosemary Leaves 6.10+0.25 4.63+0.08 10.67+ 0.09 7.81+0.11 70.79
Powder

*Calculated by differences

Effect of RLP and RVO on dough rheology
Viscoamylograph parameters

Effects of RLP and RVO on flour paste properties determined by viscoamylograph (table 2 and figure 1)
showed that, addition of each of RLP and RVO had a different effect on amylographical flour paste
parameters. Pasting temperature (PT) for wheat starch showed no affect by any of the percentages of RLP,
whereas the addition of all RVO doses had significantly decreased PT from 63°C to 61.5°C. RVO may have
assisted the wheat starch granules to swell up faster than control while this effect was not observed in RLP
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addition, probably due to their effect on decreasing wheat starch concentration, which alters starch PT. The
consequent of the two opposite effects may explain why RLP doesn’t effect on wheat starch PT.

It was observed the addition of 2.5 % of RLP had the highest effect on most viscoamylograph parameters
comparing to other treatments (table 2). The effect of 2.5% dose of RLP was distinctively showing an
increase in viscoamylograph parameter values (maximum resistance at heating, cooling and gel set back) that
is possibly an indicative of RLP having an inhibitory effect on wheat flour amylases. This is line with [15]
reported that the rosmarinic acid extracted from rosemary leaves had an inhibitory effect on pancreatic
amylase. However, this effect was found to have an inverse relationship, i.e. the effect decreased with an
increase in RLP doses. This phenomenon can be attributed to high ash and mineral content in RLP resulting
in the consequent decrease of the total starch in the dough matrix, not due to decreasing of amylases
inhibitory activity.

In contrary, the addition of RVO decreased viscoamylographical parameters values (table 2 and figure 1),
probably due to the RVO role in acceleration of wheat starch to swell faster, resulting in breaking down the
granules earlier than the controlled starch granules. Peak viscosity (PV) for wheat starch was 840, dropped to
780, 780, and 720 AU for 0.1, 0.2 and 0.4% of RVO addition respectively. Decreasing of PV values when
VO was added theoretically indicates that o amylase was activated by the VO addition due to an inverse
relationship between a amylase activity and amylograph PV [16]. The higher values of cold paste and
setback viscosity after VO addition are indicative of having no activation effect on o - amylase, therefore,
the effect of VO on decreasing PV values is mainly due to physical effect as we mentioned earlier. However
Davidovi¢ et al., (2010) [6] reported the addition of 0.5, 1, and 2% rosemary alcohol extract increased
amylograph maximum viscosity attributing to the extract effect on decreasing amylolytic activity.

Table 2: Effect of Rosemary leaves powders or their volatile oils on viscoamylograph parameters

Sample Pasting Peak Peak Hot Paste  Break Cold paste Setback
Temperatu Viscosity Viscosity ~ Viscosity  down viscosity viscosity
re (°C) (AU) (°C) (AU) viscosity  (AU) (AU)

(AU)

Control 63+0.00 840+1.34 95+0.58 2.80£660  180+1.77  1150+6.55 310+3.23
2.5%RLP 63+0.25 890+2.73 92+0.72 3.71£610  280+3.01  1360+4.19  470+3.24
5% RLP 63+0.15 850+3.00 91+0.44 +1.10680  170+2.04  1270+7.98 420+5.45
10% RLP 63+0.10 720+0.53 91+0.73 +2.33560  160+1.88  1060+3.24 340+2.33
0.1% RVO  61.5+0.00 780+2.73 94+0.01 +1.87640  140+£2.61  1210+£2.33 430+2.21
0.2% RVO  61.5+0.10 780+1.01 94+0.51 +2.98640  140+2.15  1250+6.11 470+3.5

0.4% RVO  61.5+£0.00 720+£2.30 94+0.34 +0.01580  140+1.71  1150+4.31 370+3.56
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Figure 1. Effect of RLP and RVO addition on wheat flour viscogram

Farinograph

The RLP and RVO addition on wheat dough farinograph parameters showed different effects (table 3). RLP,
besides to its VO content, have other chemical components that each has a different effect on dough
farinograph parameters, while RVOs have the characteristics of the volatile oil compounds. The Farinograph
showed an increase of flour water absorption is dose dependent with the increase of RLP. This effect might
be due to the rosemary fiber content (contains about 19.40%) [17], thus the volatile oil did not increase the
water absorption. This is in line with [18 | who reported that water absorption increase with increasing of
fiber content. The effects of RLP addition showed an inverse relationship with all the Farinograph
parameters except water absorption (table 3). This phenomenon may be attributed to the effect of nonvolatile
rosemary components on disulfide bond formation. Whereas an increase with RVO addition caused a
decrease of farinograph dough stability, indicating that RVO has a softening effect on the dough due to their
antioxidant contents [19]. It was reported by (Lillard, 1982) [20], the presence of antioxidants might lower
the ability of oxidizing enzyme system in dough to oxidize gluten sulfhydryl groups to disulfide bonds.
However, addition of RVO up to 0.4 % did not show an effect on most farinograph parameters especially
breaking down time values, which gives an indication on dough stability and their resistance to rupture.

Davidovi¢ et al., (2010) [6] found that, addition of 0.5% rosemary alcohol extract slightly increased
farinograph dough stability while addition 1 and 2% of rosemary alcohol extract slightly decreased
farinograph dough stability and degree of softening, however, these extract additions did not change the
quality number of the dough on the Farinograph.
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Table 3: Effect of Rosemary leaves powders or their volatile oils on farinograph dough properties

Samples % Water Development Stability Tolerance Breakdown Quality
absorption Time (min.) (min.) index (FU) Time (min.) number
Control 66.1+0.78 10.7+0.05 12.7+0.81 43+1.20 14.0+0.31 140+3.1
2.5 % RLP 69.1£0.01 7.7+0.09 4.1+ 0.44 111£3.30 9.2+0.29 92+2.9
5% RLP 71.9+0.23 10.0+0.15 7.0+0.16 83+ 3.12 12+0.09 120+ 0.9
10% RLP 76.1£0.19 12+0.43 12.3+£0.92 29+0.50 16.2+0.11 162+1.1
0.1% V.0 65.6+0.45 11.0+0.29 14.0+0.66 35+0.25 15.0+0.07 150+0.7
0.2% V.0 65.240.31 10.2+0.71 11.7+0.28 36+ 0.31 14.6+0.44 146+4.4
0.4% V.0 65.0£0.11 10.8+0.08 8.7+0.09 37+ 0.19 15.0+0.14 150+1.40
LSDps 0.05) 0.82 1.01 1.65 0.89 0.43 4.30

Effect of RLP and RVO on dough fermentation power

The effects of RLP and RVO addition on dough fermentation (table 4) showed an inverse relationship
between the RLP and RVO doses and the dough fermentation power. However, RLP addition somewhat
decreased the dough fermentation more than RVO did. RLP contains several phytochemicals such as
phenolic compounds that could inhibit enzymes activities, which have an important role in dough
fermentation such as amylases [21]. The results (table 4) showed that volatile oils, have a considerable effect
on dough fermentation especially at % 0.4 which decreased fermentation power. Addition of RVO not
completely inhibited yeast activity since it continued ferment the dough as it will be clear again from the
results of dough volume (table 5) and baking test (table 6). It seem that, the effect of RLP and RVO on
dough fermentation may be attribute to the volatile oils not to other phytochemicals because the effect of the
higher concentration 10% of added RLP was similar to higher concentration 0.4% of added RVO. Also we
can say that, the effect of RLP and RVO on dough fermentation may be attributing to their effect on the
assistant material such as amylase more than on yeast, which like this effect can negligible.

Table 4: Effect of Rosemary leaves powders or their volatile oils on gas pressure mm/Hg

Time Control 2.5%RLP  5%RLP 10%RLP  0.1% 0.2% 0.4% LSD

V0. V.0. V.0. (P> 0.05)
30 165415 7518 2.540.89  2.540.05  9+131 15223 24051 1.05
60 25.542.55 154231 +3.0115 10£2.13 244371 312322 12£1.80 2.17
90 46+5.23 314332 33+478  +1.819 374481  49+7.80 204242  2.88
120 594455  49+1.89  47.542.87 2043.11  55+£1.15  68+4.84  23+2.99 463
150 774544 64+1.55 63+4.79  25+1.01  66+5.11  80+4.85 284225  5.98
180 91.547.03  73.542.23  78+3.17  30+0.56  80£6.71 954597  35£1.89  7.16
210 104£6.99  92.544.31 924599 354196 884594  111£7.73  4143.02  6.56
240 11848.73  108+4.99  105+6.01  40+£3.22  97+6.04  127+8.12  47+3.11  7.97
LSD(p005) 4.08 3.02 4.76 1.88 3.88 5.23 2.87
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Effect of RLP and RVO on fermented dough volume

Dough volume property depends mainly on two factors; fermentation power and dough capability to extant
obeying to gas pressure. The fermentation power is discussed above, while the second factor is shown in
table (2). The result shown is an inverse relation between the RLP dose increase with a decrease in dough
volume, i.e. an addition of RLP resulted in a decrease of the dough volume sharply (30-42cm’) comparing to
control (60cm’). This behavior may attribute to the presence of solid matter in RLP that could dissociate the
gluten network causing loss of their capability to keep on gas and to extant to increase the dough volume. On
the other hand, since the RVO is free from solid matter, the behavior of RVO addition on the dough volume
was different and this is explicit in the results. Dough volume decreased by 10 cm’ when RVO was added
while RLP addition decreased the dough volume between 18- 30 cm’ comparing to control. Conclusively,
the addition of RLP showed an effect on dough mechanical properties (resistance to extension, Plasticity and
elasticity) while RVO had insignificant effect on these properties.

Table 5: Effect of Rosemary leaves powder and its volatile oils on dough volume

Time: Control  RLP RLP RLP 10% RVO  RVO RVO LSD
min. 2.5% 5% 0.1%  02% 0.4% = 005)
0.00 15£0.00 15+0.00  15#0.00 15+0.00  1540.00 1540.00 15£0.00 -

180 60+2.61 354221 42435  30+1.88  5042.89 50+3.10  50+3.77  2.17
LSDp-005)  2.09 133 1.51 1.88 2.79 3.73 1.88 -

Effect of RLP and RVO addition on baking test

The effect of RLP and RVO addition on loaf characteristic (table 6) shown with an increase of RLP and
RVO has resulted in a decrease of loaf characteristics (loaf volume and loaf volume to loaf weight ratio). The
effect of RLP on loaf quality was more than RVO addition, probably due to the presence of chemical
components in RLP that might softened the wheat gluten resulting in lowering their ability to extent.
Although RVO has only volatile oils and its effect was less than RLP, however, the antioxidant effect of
RVO may have delay gluten development and consequently decreased the loaf volume. Generally, results of
this test may be agreed with dough fermentation and volume of dough tests, further using RVO is more
favorable than RLP.

Table 6: Effect of RLP and RVO addition on loaf characteristics

Treatment Dough weight (g) Loaf weight (g) Loaf volume (cm’)  Specific volume
Control 150 140+ 0.5 423+ 11.06 3.02+0.09
2.5% RLP 150 142+ 0.8 332+ 8.55 2.34+0.12
5% RLP 150 142+ 1.8 314+ 1.99 2.21+£0.07
10% RLP 150 141+ 2.01 v326+ 6.34 1.91+0.34
0.1% RVO 150 141+ 0.88 395+ 5.17 2.80+0.20
0.2% RVO 150 137+ 1.85 381+ 3.89 2.78+0.38
0.4% RVO 150 140+ 3.17 378+ 7.18 2.70+0.28
LSD > 0.05) - 1.98 4.14 0.41

Effect of RLP and RVO addition on loaf sensory evaluation

Results (table7) showed the addition of RLP and RVO takes the same trend in decreasing loaf quality.
Increasing of RLP addition had unacceptable effect on all sensory properties of loaf. Addition of 5% and
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10% of RLP resulted in an entire refusal of the bread due to high content of phytochemical substances,
however, the addition of 2.5% or less has offered a bread more acceptable. The addition of RVO showed less
effect on the bread quality, in deed didn’t effect on the crumb and crust color, but it had unacceptable effect
on the bread taste and flavor. Addition of % 0.1 RVO may be the best dose with having no negative effect on
crumb, crust, color and bread flavor. The slightly effect of RVO on bread taste was still acceptable (3.9 out
of 5) comparing to control (4.3 out of 5).

Table 7: Effect of RLP and RVO addition on loaf sensory evaluation

Loaf Crumb color Taste Flavor Crust Color Total

Characteristics (1-5) (1-5) (1-5) (1-5) 20 degree
Treatments

Control 4.62+0.03 437+ 0.10 4.31+0.01 4.37+0.23 17.67£0.12
2.5% RLP 343+£0.21 3.00+0.26 3.81+0.17 3.41+0.45 13.71+0.61
5% RLP 2.62+0.19 1.46+0.37 2.90+0.11 2.28+0.17 9.26+0.36
10% RLP 1.37+0.08 0.25+0.17 3.50+0.21 1.50+ 0.08 6.62+0.24
0.1% RVO 4.25+0.28 3.87+0.23 4.25+0.31 4.37+0.18 16.74+0.45
0.2% RVO 4.12+0.18 2.87+0.18 3.75£0.12 4.12+0.23 14.86+0.23
0.4% RVO 4.37+0.12 1.87+0.09 3.25+0.10 4.00+ 0.31 13.89+0.65

LSDps 0.05) - - - - 1.72

Control of loaf spoilage fungi by RLP and RVO

During one weak (7 days) the fungi growth started to appear on loaf surface (control) while didn’t appear on
any surface of the loaves treated with RLP and RVO for more than thirty days (figure 2). Suhr and
Nielsen(2003) [22] reported that rosemary volatile oil had limited effects on rye bread spoilage fungi
compared to thyme, clove and cinnamon oil as the best growth inhibitor. Further, [23], correlated between
the pH of media
and volatile oils
effect on fungi
growth, stating

that rosemary,
thyme and bay
were more

effective at pH 5,
but losing their

i ; activity as pH
2.2% RLP 5% RLP 10% RLP increased.

Figure 2: Effect of RLP addition on pan loaf shelf life after thirty days of storage
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Conclusions

1. The wheat flour in this study was treated with RLP and RVO and the resulted bread quality can be
explained by the interaction between chemical components of rosemary leaves and its volatile oil
compounds with active materials of wheat flour. Oxidation of sulthydryl to form disulfide bonds,
activation or inhibition of flour enzymes, especially oxidative and hydrolytic enzymes, keeping the
quality of bread to decrease staling and prevent fungi spoilage, are the most important factors that to
be considered when a natural or artificial materials is added.

2. Rosemary leaves may contain amylase inhibitors in addition to some types of gums such as
arabinoxylan that probably have caused to increase amylographic values at the low concentration,
2.5 and 5%. Whereas at higher concentration the amylographic values were clearly decreased as a
result of starch dilution factor. On the other hand, volatile oil behaved as an activation agent to
amylase, however, this effect disappeared when RLP was added probably due to the interaction
among the opposite functions of their components.

3. Rosemary also contains anti-oxidants such as, carnosic acid [24] that could well prevent the
oxidation of sulfhydryl groups leading to soften the dough. It was observed that Rosemary has
caused softening of dough consistency as the results of the presence of an active antioxidant
materials in rosemary leaves and oils. Ozcan (2009) [5] found that rosemary volatile oils had an
advantage on wheat dough rheology but its effect was in the direction of dough softening when
determined by extensograph. This finding emphasized that presence of anti-oxidant in RVO will
delay dough formation and behaves as a reducing agent.

4. The addition of low concentration of RLP and RVO 2.5% and 0.1% respectively didn’t show a
significant effect on dough rheology and fermentation, further, these doses had a good ability to
inhibit fungi growth without significantly affecting on baker’s yeast growth.

References

[1] Bradley, P. “British herbal compendium a handbook of scientific information on widely used plant drugs”, British
Herbal Medicine Association, Bournemouth. pp.1-205.(2006).

[2] Aruoma, O. 1., Halliwell, B., Aeschbach, R., Loligerr, J., “Antioxidant and pro — oxidant properties of active
rosemary constituents: carnosol and carnosic acid”. Xenobiotica, Vol.(22), No. 3, pp. 257 — 268. (1992).

[3] Basaga, H. Tekkays, C. Acikel, F. “Antioxidative and free radical scavenging properties of rosemary extract.”
Lebens Wissen Technol, Vol. (30), No.2, pp.105 — 108. (1997).

[4] Costa de Conto, L; Oliveira, R. S. P. L. Martin, G. P. Chang,Y. K. Steel, C. J. “Effects of the addition of
microencapsulated omega-3 and rosemary extract on the technological and sensory quality of white pan bread”. LWT
- Food Science and Technology, Vol. (45), 1, pp.103—109. (2012).

[5] Ozcan, M.M. “Effect of some essential oils on rheological properties of wheat flour dough”. Int J Food Sci Nutr.
Vol. (60), No.2 176-81. (2009).

[6] Davidovi¢, D. Dodi¢, S. Mastilovi¢, J. Dodi¢, J. Popov, S. Lazi¢ M. “The Application of Natural Organic
Compounds in Bakery Industry”. Hem. ind. Vol.(64), No. 5, 411-421. (2010).

[7] American Association of Cereal Chemists, “Approved Methods of the AACC”, 10th Ed. The Association, St. Paul,
MN. (2000).

[8] AOAC International. “Official Methods of Analysis of AOAC International”, 17th Ed. The Association,
Gaithersburg, MD. (2004).

169



JZS (2015) 17-3 (Part-A)

[9] Bersani-Amado, C.A., RK.N. “Anti-Inflammatory and Antinociceptive Effects of Rosmarinus officinalis L.
Essential Oil in Experimental Animal Models Cumana”. Journal of Medicinal Food,Vol (56), No.11, pp.741-746.
(2008).

[10] SAS “Users Guide”; version 9. Statistics SAS Institute Inc.; Cary, NC. Gaithersburg, MD; Aspen Publishers,
SAS/STAT, (2004).

[11] Hamelman, J. “Bread: a baker's book of techniques and recipes”. New York: John Wiley, pp. 7— 13. (2004).
[12] Raymond, C. MacGuire, J. Wirtz,R. “The Taste of Bread” Cereal Chem.,Vol.(55), No. 4, pp. 321 — 331. (2001).

[13] Banu, I. Stoenescu, G. Ionescu, V. S. Aprodu 1. “Effect of the addition of wheat bran stream on dough rheology
and bread quality”. The Annals of the University Dunarea de Jos of Galati Fascicle VI — Food Technology Vol. (36),
No. 2, 39-52. (2012).

[14] Preston, K. R., “Gel filtration and characterization of neutral salt extracted wheat gluten proteins varying in
hydrophobic properties”. Cereal Chem.,Vol (60), No. 1,pp. 76 — 83. (1984).

[15] McCue, P. P. Shetty, K. “Inhibitory effects of rosmarinic acid extracts on porcine pancreatic amylase in vitro”.
Asia Pacific J Clin Nutr; Vol.(13), No.1, pp.101-106. (2004).

[16] Ranum, P.M., Kulp, K. Agssie, F.R. “Modified amylograph test for determining diastatic activity in flour
supplemented with fungal a-amylase”. Cereal Chem. Vol. (50), No.3, pp. 292- 297. (1974).

[17] Ghazalah, A.A. Ali AM. “Rosemary Leaves as a Dietary Supplement for Growth in Broiler Chickens”.
International Journal of Poultry Science Vol. (7), No. 3, 234-239. (2008).

[18] Moradalizadeh M., Samadi, N., Rajaei. P., 2013. “Comparison of Hydrodistillation, Microwave Hydrodistillation
and Solvent Free Microwave Methods in analysis of the essential oils from aerial parts of Haplophyllum robustum Bge.
By GC/MS method”. International journal of Advanced Biological and Biomedical Research Vol. (1), No. 9, 1058-
1067.(2013).

[19] Cole, R.,. “Assessment and Development of the Supply Chain to Deliver”. Rosemary Antioxidants to the Food and
Pharmaceutical Industries. National Non-Food Crops Centre. NNFCC Project Factsheet: (Defra), NF0609 pp. 1- 65.
(2006).

[20] Lillard, W.D. A.P. Seib, and C.R. Hoseney “Isomeric ascorbic acids and derivates of L-ascorbic acid: their effect
on the flow of dough”, Cereal Chem. Vol. (59), No. 3, 291-296. (1982).

[21] Hruskova M., Svec, 1., Kucerova 1. “Effect of malt flour addition on the rheological properties of wheatfermented
dough”. Czech J. Food Sci., vol. (21), No.3, pp. 210-218, (2003).

[22] Suhr, K.I., Nielsen,P.V. “Antifungal activity of essential oils evaluated by two different application techniques
against rye bread spoilage fungi”. Journal of Applied Microbiology Vol. (94), No. 7, pp. 665-674. (2003).

[23] Guynot, M. E., Marin,S., SetUL.,Sanchis, V., Ramos,A. J.,. “Screening of Antifungal Activity of Some Essential
Oils Against Common Spoilage Fungi of Bakery Products”. Food Science and Technology International, Vol. (11), No.
1, pp. 25-32. (2005).

[24] Kuo, C. F. Su, J. D. ChiuC. H. Peng, C. C. Chang, C. H. Sung, T. Y. Huang, S. H. Lee, W. C. and Chyau, C. C.
“Anti-Inflammatory Effects of Supercritical Carbon Dioxide Extract and Its Isolated Carnosic Acid from Rosmarinus
officinalis Leaves”. J. Agric. Food Chem.Vol.( 59),No.4, pp. 3674-3685. (2011).

170



