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Abstract

Introduction: Doughnuts are fried foods that absorb significant amounts of oil, and commercial doughnuts made
from wheat flour typically contain 24 to 26 percent oil. Fresh doughnut is soft and has a pleasant taste and aroma. One
of the main ways to enrich bakery products is to mix wheat flour with other flours. Triticale has a higher percentage of
protein compared to wheat, rice, corn, rye and oats and is in good condition in terms of essential amino acids. Lysine in
triticale is higher than wheat and less than rye. Also triticale has the same amount of vitamins as wheat. The positive
properties of gums extracted from native seeds such as basil can be used to reduce oil absorption and improve shelf- life
of fried bakery products. Basil seeds are soaked in water due to the presence of polysaccharides, the outer pericarp
swells and turns into a gelatinous substance. Green cardamom with scientific name of Elettaria cardamomum belongs
to Zingiberaceae family. Cardamom is one of the most widely used aromatic condiments in some foods, breads, sweets,
especially jams. 23 compounds have been identified in green cardamom essential oil, the highest composition (31.53%)
belonging to Eucalyptol. Therefore, in this study, enrichment the wheat flour of fried fermented doughnuts by replacing
part of wheat flour with triticale flour, reducing oil absorption by using basil seed gum and improving antioxidant and
sensory properties and reducing fungal activity in the presence of green cardamom essential oil were investigated.

Material and Methods: In the first part of this research, Triticale flour at 0, 15 and 30% and Basil seed gum at 0,
0.50 and 1% were used to improve the quality and decrease oil absorption of fermented doughnut. Control doughnut
formulation had 500 g wheat flour, 20 g milk powder, 4 g salt, 80 g oil, 12 g baker’s yeast, 80 g sugar, 500 ml water,
100 g egg and 1 g vanilla, 1.5 % guar gum and 0.5 % xanthan gum. Moisture, specific volume, porosity, firmness, crust
color and oil absorption were evaluated. To study the effect of processing parameters on crust color components of
doughnut, the RGB color space images were converted to L"a"h space. For determination of doughnut porosity using
image analysis, the color images were first gray scaled and then thresholded using isodata algorithm. The porosity was
measured from the ratio of white to the total numbers of pixels. Results were reported as the average of three
replications. In the second part of this research, Cardamomum essential oil at 0, 50, 100, 150 and 200 ppm were used to
improve antioxidant and sensory properties and decrease microbial contamination of doughnut. . In order to assess
significant differences among samples, a complete randomized design of triplicate analyses of samples was performed
using the Mini-Tab17. Tukey’s new multiple range tests were used to study the statistical differences of the means with
95% confidence.

Result and Discussion: The results of the first part showed that the sample contained 15% triticale flour and 0.50%
gum with the highest specific volume (3.4 cm3g™) and porosity (0.81) and the lowest firmness after one week of storage
(11.91 N) and was introduced as the best example of the first part. Also, the results of oil absorption showed a decrease
of 29.83% in the selected sample (0.17 g/g dry matter) compared to the control sample (0.24 g/g dry matter). The
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moisture content of the mentioned sample was 21.09% one week after production and L", a* and b" of crust color was
55.27, 8.86 and 11.91, respectively. Brightness and redness of this sample was more than the control. The results of
second part showed that cardamom essential oil had antioxidant activity in all concentrations. Also, the results indicated
the concentrations of more than 50 ppm of cardamom essential oil can be considered as an antifungal agent and inhibit
positive growth in doughnut. The microbial load of samples containing 100, 150 and 200 ppm had 3.97, 3.81 and 2.94
log cfu g* after 15 days of production, respectively. The microbial load of these samples was 51.05, 53.03 and 63.75%
less than the sample without essential oil (10.11 log cfu g2). Finally, the results of sensory evaluation showed that the
sample containing 15% triticale flour, 0.50% basil seed gum and 100 ppm cardamom essential oil had the highest
overall acceptance score and this sample is introduced as the best sample of this study.

Keywords: Doughnut, Oil content, Basil seed gum, Triticale flour, Antioxidant.
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Triticale Wheat
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0 0 100
0.50 0 100
1 0 100
0 15 85
0 30 70
0.50 15 85
1 15 85
0.50 30 70
1 30 70
@93 ;1 Second Phase
Green cardamom essential oil (ppm) Treatment
(elistist) o Jo ! e

0 (Control 1)

0 (Control 2)
50
100
150

200

The sample contains 100% wheat flour and

does not contain basil gum
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**% The best treatment of phase one
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The best treatment of phase one
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The best treatment of phase one
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*** The best doughnuts sample in the first phase is selected based on the least firmness of the texture and oil content and the highest
amount of porosity and specific volume.
Jos g ad W J1 U8 Jey S g ol e A L g, g g0
e j) dbliw o8y A5 5,1 g Loy o)) sl 51 Jg o)l

as 9oy olelp (b @lie 5 (555liS (Bigel 5 Clisios



VERY 5 —315,5 oY o)lowds VA als oyl (I3 oo g ool Sloidgiy dpuis ¥V Y

My Sladiged Ab Al (1) ((3)5 Ep g9y I S8 el
Odo 4y (o1)5 ol doyd YO =Y Lo (glod 3 b Dy |
A )RS5 g st bl il (oBgy ) adBS Y
aw 8q, & cuwl S5 4 p3Y (Zolfaghari et al., 2013)
Ll eolatnl b i dpw Gl JB g 00y Zaw 3l e clgd
Sged it J908 4 a9y Ol (gl ped B ) b e O3
B o) S el lise g (o 6 5 Assl) sy
5B 50 lsgd dges cpyine oAb 03938l (pl i Yor g VO Ve
Olie i 9 0fgy gine 9 8L (hw (pieS pluly ol
S8 aals 93 5l (S plgisas 5 4 ObEl jogate e g oSS
Gged @Bly > i (pegd > o el D 485 e pgd

Dgr pAS ) o p3 Voo gl

Cagh,
o)leis AACC (2000) 3 nikuwl 3l cugby (g pSejlul can
Y Sloj dols o adiges jolaie cpl (sl 03,5 oolitwl ¥ —VF
OF- Jeto Tech) sl o gy 5l L ain &G g g9, ¥ sl
3 a8 ol anpd Voo =Ved Oyls b (g 0,8 026G

Z

b S

09y Syow & 50l
WY V) 8o Olalad 4y odd U3 g 00 o (sladiged
s,5 OF-02G Jeto Tech) gl (clon ol ,5 g 50 oy (p)5
Sis el VY Gdo @ 3,8 Sl a3 V40 lod )0 (o>
e oy A5 03 By Ol bwg oad Sid diges An3)S
b delre (V) datly Billae (29, (g St odle s (6
o b 2l oig Wa b adgl ol 59 Wi dlasly ol 5
Olie O g cusl 5 s 0 S diged (59 M g 2l el
b awslxe (9 07 db) SiS odle sy 0l e
g 435 dwbre i adgl red )3 39290 (22 S5me (ke

A S Jie o)
0 = W, -,
m —0 ()
Jodsa yas b

Py lawg (59, €l pgal (JHST (Sl 6 pSojlul
=Y U)ol pgeas bl s (5l5 40 1.6.0 asews Imaged 33l
2 e 9 M5 s (0 0V JS9) g A pgas 4 ()

(g prrlog)Blo) Jlb Sis jome (izren A (5SS
@l o9y S8 il dlge plo g () ceeie) (592, 4155
(U8 agl dlge oniSa e olSibgyd Ky il o B 5 Sty
P oy <Spb gl ab geo g (auild bdg)) Sl

A5 )l (olel (5 5)

o S bl ad
s ) e g b s Dp ST L ()l B 5l ey e o
Olowl bwgs (31,5 lo a5y Yo- ¥+) olfiolojl (clod j> s
50 00l g A Lo b SU1 1 5 555 (AR110010 ¢ pSise)
Jo peilel ans jshied 35 )l GILL sbaws
sokite ppy A5 ool gl oS g Ol jeka g 5l e
8Ll 25ls olSod &y O 1) o YO+ g o o 395 51 )5 0
oSl s 5 ol ol ¥ b bl gyl Jas g 45
plol b ool uilol i pbo] podws Sl guw alpwgdy  uslus!

A5 o)l SS a8 ol a0 ¥ sled o clislejl

OUgd angd

YO o) paS 3] Giss ol Jol 51 15 Sligs ans jglatods
2o olyen 4 (25 V0 5 V0 Gio) Sz 3)l 5 (p)5 YO
1) Jily e ¥) S oS Vo) Kb s (s lge
odlo Moy wluly dopd Y g /00 o) b, Al jews p)S
(p)5 A+) 9y ashl )3 wad ST jlgs 5 bglsre (red Sid
boloro 428y ;0 593 Ve Coopur b ddBd O Sdo &y dlge g a8l
bolowe 4 ds ¥ se 4y g A a8l posee Joboro (yugw 25430
0+) 31 (g5 V) yoske Jolds yeste Jgbe .cdl aelsl 3,8
il coa g (o Voo) Sl g (p)S A) S e S
YO- Y+ ) lazee (glod )0 d@Bd Ve e 4y od s Jalore ¢ posvo
(8)5 )5 (35 sl x>

Ve g LSl (L5 bl @ (p)5 V1) EyaeS dabl
V) 9od ol g Ol ol > a5 plonl (3,8 bgles Jos 4id>
Vocwbus b gy Gygod osd ool pmed g adlol (L
b s cwiar o Juwl iz 1 AB L g 05 g el
s yo (pizman A8 (G5B g yia Bl £ g VIB ()15 5 B
Cugby 5 3,5 o dsy YO (glod o ddds Fr Cie & pess
F Ode d (SEw p adiged o] 5l s g 05 pll dopd Ar s
b oSEmw e S Eyw oS ol an > VO+ glod L adds
Veofsy oy a8 Hlulb g Can jslaied A p 85 ) VO

y Saccharomyces cervisiae



iy g d&f}@‘; b)i }‘ skl U u)éws DU5.> .A.:)’S /u‘)&ok 9 @WY‘&M

()

Sty ol Sl (s 3,5 Sbwl (z ) JS3) (5990
0l g b Al 29090 yuglad )0 (SW) iy g (SD) oy
ol Cawdey ¥ alaly ollas () s

‘W
‘ ;...'oﬁ

f‘c

: "A

oS (el (5525 051 Coe (£) (29393 7295 9 () (St A o (W) gl o =) IS
Fig. 1. Primary image (a), 8-bit image (b) and binary image (c) to measure the porosity index

3 adgs ) o sl ¥ loy alols 3 cligy dgy S, 3l
L™ pals cdpdy ppo DT 5@ L7 asls aw (e 1)l
(0I5 olus) yio 31 o Alels g 23l o Wigad gy olie Bye
Sy SwF e @ o3l cal it (Al ad) Ve B
Yo 5l T aely g amd e Ui 1) jeyB g jw SBCSS) 4 diges
e D7 asls el it (Qall jo)8) V- U (Al o)
aald g a0 i 1) 0y 9 ol S, 4 diges U (S0
Nl yeito (el 3y5) + WY+ b (el ) Y-
¥ oled dy o5 1l o asls ol (g 580jll e (SUN., 2008)
HP Scanjet ) uSwl aluwgds 5 435,5 dups lgd j o o ¥ o
2 2l s Ab (G ppgal JuSy Yoo 28y L (G3010
» LAB slad p)s Jled b .cs)5 1,8 Image J l58le 5 jLas
Sabbaghi et al., ) &b dusloe 598 sl jasls Plugins iz
(2018

ST 5 Cullad

L5 (5,505l DPPH g, 3l oslil b SlapuST T cullad
Wges | p)59)She Voo yslate opl (6l (Larrauri et al., 1998)
Wb gpSojlas celu ¥ G @ Joilie yid Joo Ve Lo Suis
o /Y DPPH s Jo Y/A L oyl 3l g Lo o/Y o
GRS 4z ds Yo il am g b ooy IS0 i 4 g bl (Yo
oSy b gogl AV zoo Job jo j9 cds dae SUU
b ldges Shuns] ol cldld sopd wb cold jregib gl
A5 dwbre ¥ odlaly 5l ealazl

PPt >

Al b e (30l ) I pegatce w65 ojlul
oslizl +0 —\+ oyles AACC (2000) 3yl | gallas 1515
Gaskd ey 5l g sl ¥ loj dlolb 5 pslate ol (sl
dalad 5 Il 0 A (s0g5 (sladiges I e il ¥ XY alal &
o | Caleg 53 A5 (65031l ] e e 5 i a3 3,90
»oSe yia e el jogate wxe @sed (g p >
Wb (e p S

Famell.CNS QTS) zewcdl ol jl oslitl b ass j1 Ly
Ll Galojl cnl 53 285 ygeo (0,08 (e L g (S
Y XY xVolul b s slajoy Gyaods &5 cligd sladiges
.A.\.,.B)f )1)5 DJJ)IA@ Ao 89y 9 B ody é"‘j la.wy )A.aw;lw
Fogke V ey b g po il ¥ xF ojlul 4y oy Cgy e
o3l &y caiged paw b (poled 5l (g 9 35 S5 > 4 958 45l
Pourhaji et al., ) sges 63, 1) diges adgl glasy) ;1 duop> VO

(2011

1 Rape seed displacement



VELY 5 —315,5 Y o)lowd VA als (ol (lié @il g pole slonddgiy 4 pis  YVF

5 2] b oy e )l o g 525 gl 6 52
(epate w2 (g2 S§ dush) Ol p (b 4 des 4
Mels” ol )b 5l gy () slapasli 5 ol gt (555
A86) wald ©ygo 4 eV sles A Sl L (ol
1) g0 o 93 3) plow) Wl gaso (oo 5 Az 5 )]
2) goo g WSz 3] S5 g (T 510 o 93 9) WSty 3
55 5508, ol (Ve g /B0 ¥+ ) ND ce/De N e g
2 e Jo il b e e il oS g wjo5 pgd
e Sl Sy 5 yede 5 S 45 (Sl Bl el e
Cygo 4 g dged o £ oS i )3 b (Bolas Wl )b
crige) 90 Jols (paS )] Moy Voo ool dge) S anli
9 2 e g CBb (Jhe (ppleS Ld a4 gl B wiges
2 gl 3B Wges oy 9 (JS5S 9 pogase woe (liee o yid
@) Jo uilul g2
Sl o b (55 xSk e I3 e VS 3529 g0
3 bl Lo g 4555 (gl (P<O.05) by sy o3 AD
Excel ,ljelpp jl bylygel puy caa ¢ Mini-Tabl7 ,l5éle 5
Pl LS5 dw b s sla Sy 550 Olialo] alS .05 edlazul
) A8 aB)S a3 IS5 Ve e s Shy Sl 8
(ool 3lass Xy 5 41,5

» W) Pl}ul (‘n‘u_’d Yoo 9 YO+ New

Cagb,

Sl ojb aw 1) cady slaclad cugby mls ¥ ol
QU g 5l g e So 9 59y Vg 955 Ew 5l e Aol
3 X0 yd AD (g9l diged dmd o lis gl &S jehailen amd o
Sloj ojl aw ya 53 Cughy ol (e Sl (P<O.05) ()l gine
K392 )3y95 0

Cagb)y il Jelge jl (o Alan o)) )3 29290 (565
collasi! Lol s 4 S 5lSt 1 ol 3,1 il (ol Y guaeo
Yo oS b aladgbre Ysane 5 o3 Of 50 sl ol
Pl e Of Gl g cogb, bis cubll oS wed e LSS
soblen ko 31 (L et al., 2006) s> o 66 Liges |y dumlio
il el oMy kg Cugb) Bl cuw g
PS5 2] G Sole aw Gl L sy (slaclipy Cagb) ol
G3Sl ol F1 3 4 2908 dng g oz 1y A o) L

-Blank absorbtion)/Control absorbtion)x100 (v)
Antioxidant activity (%) =(1-(Sample absorbtion

Sl oo VIR g diges Joilio oylac i) Juo /Y (g5l SOM
9 DPPH i) Jo Y/A ol JuS g DPPH 5 Jgilie M
91 aiged ol i Jyiie Sy s <))

50 9 S oS

0,les AACC (2000) 5lbiwl 51 Lislesl oyl ool s
e @ diges jl o8 Ve jolate (pl (gly 00,5 eolazwl VAR Y
M5 0ad ylej Al O e @ b 8Ll Ky sl Jole p,5
o3zl YGC Agar cusS Lo 5l el p3 Jglono & jguody dlgo
do Koy cusS e > &S adgl dlge 5 i Jue ) jlade 4
Blol S bz 4 day g Ay, oyl lacaly jo g ol
&S oS ol dayd Ve gled o Cels Y Gde 4 g W08
w85 udd poe 39y 0 5 Mg 3l ey AloB ygel cal A
5 plol @233k g 5y

> S S g

Wged dw yolale piy Nad Obsl byl Ve jelaie py
03> s 0Lyl s (25 ¥e) clbgly (ooliss 4 5l Jeloe
g Sog alde 5 Sy clle (Gl b Jsle 5l aiges 95 05
a5l Ve ldbgly oy 5l aiils oMbl gasge (ol jl llbgly
ohigel wotie QL Ve i a8 o)Ll e iged g
Sloogas 05 odlitwl we byl 0 bl caieslys g B>
145 cu o) atwg (¥ (i) cupd) JS5 g p)8 5l s
(5 Slesy capd) S8 o (¥ (SIa5y ) 55 (Y
(" slas) cope) oje 9 909 7V Sl cupd) o bl
oolely e b))l oy (Jalali et al., 2019) was obj)l
5o ¥ dawgle Yy sl V) (slaba gy Sgan s,
3 oslizal b IS by lashen ul it b 33 (g3 s 0
A doloes ¥ abayl,
TP x G)

Qz v op
= "

g Clao ) cups =P (Slgd CudS dae) (IS Bk =Q
Clio @byl e e =G

Wo3la (gl Juloxi g 41 35



\o g d&f}@‘; b)i }‘ skl U u)éws DU5.> .A.:)’S /u‘)&ok 9 @WY‘&M

g 93,5 odldlul dexxie jeed I Jols gl grwYge s
sl (b cogby bis e ol |y sa5slSpan LS5
Yousefzadeh o Mortazavi ;yuisced Al (5,055 5 coxy
Er <SU by J9e8 > (Wl5 9 gl @ewe I (V4Y) Sani
CSb by 635 il p ele |y feuo joan g 3505 03litl

3,5 )15 ol Casb) 8l ialS g ¢ o

g b el (e g 4Bl il (ere¥ge s JS (595 Gl
o Cuwd g LialS o lgd s jd 29350 (555 aSui
2 el 039y S50 ol RS 5 035 g Wl (b agb
S Wb 8 ol geo gl Soled yily cagb) L bLS)
Lis cow Byb opl 5l g Miws Cangh] cunle (s arews oS
35 (o ligd ()aK g ()5 Epw Ml (b red Cugb,
P ol ab zeo (YA lKes o Sheikholeslami

Mgi 3 w4 Sy g 59, ¥ sl ¥ iloj 05l aww ;3 ligd Cugby ;i Gewo 9 WS 45 3,1 1 - Jgue
Table 2- Effect of triticale flour and basil seed gum on doughnuts moisture in three time periods of 2 hours, 3 days and one

week after production

(e y5) cugb, Moisture (%)
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A0 5 3,1 o y3 10+ 5,1 o 3 A0
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Similar letters in each column are not statistically significant at the level of P <0.05.
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Fig. 2. Effect of triticale flour and basil seed gum on the oil content of doughnuts
Similar letters are not statistically significant at the level of P <0.0
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Fig. 3. The effect of triticale flour and basil seed gum on the porosity of doughnuts
Similar letters are not statistically significant at the level of P <0.05
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Fig. 4. Effect of triticale flour and basil seed gum on the specific volume of produced doughnuts
Similar letters are not statistically significant at the level of P <0.05
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Table 3- The effect of triticale flour and basil seed gum on the firmness of doughnuts texturein three time periods of 2 hours,
3 days and one week after production

Wlgd Cdl  Jéw doughnuts texture firmness (Newton)
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(&owo 9 A 45 3,1 W88 — oS 3 wuo pd Y+ +) ol
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11.91 +1.02¢ 19.83 +1.362 15.63 +1.65? 70% wheat flour+ 30% triticale flour
W 5 0,1 ao 3 Yo +0ui8 5,1 wo 3 Ve
17.28 +1.05%¢ 8.36 +1.18° 6.78 +£0.39° 85% wheat flour+ 15% triticale flour+ 0.50 gum
.W +/0« +4]Kﬂ2_1)3 b)i Moy Vo +‘a.\.'§ J)i M)bAo
25.09 +1.132 10.33 +0.57%¢ 7.19 £0.61°¢ 85% wheat flour+ 15% triticale flour+ 1% gum
oo 2o 3 Y + A 45 5,1 ao 13 10 008 5,1 wo 3 A0
19.18 +0.98° 13.08 £1.12° 11.40 £0.94° 70% wheat flour+ 30% triticale flour+ 0.50 % gum
Gowo +[00 1A 5 3, o yd o + oS 3,1 w3 Ve
15.43 £0.68° 12.48 +1.09° 7.17 £0.77°¢ 70% wheat flour+ 30% triticale flour+ 1% gum

owo w0y Y + A 5 0,1 wo 3 Yo +ouiS 5,1 wo d Ve

)l gl gme iglas P<0.05 pdaws L;)Lai S 5l gt s 50 dlie gy
Similar letters in each column are not statistically significant at the level of P <0.05.
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28l dge ol (0 9 8L (S B Wulp (b Cugb) oS
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(L'a’b) wlgs diwsy () sWalie p ooy, ails fowo 5 ks 35 3,1 51 -€ Jgo
Table 4- The effect of triticale flour and basil seed gum on the color components of doughnuts crust (L * a * b)

Olgd diwgy S, swadlze Doughnuts crust color components

W ,Low Treatments

b* a L*
21.89+3.01* 12.38+1.03°  50.81+1.75° Control (1009 wheat flour- no triticale flour and gum)
(oo 9 V55 5,1 W3l — oS 5,1 ao > Yo o) ol
21.64+0.582 8.22+0.52¢ 51.24+0.67%® 100% wheat flour+ 0.50% gum
oo Moy ¢[00 +oniE 3, a0 d Ve
21.77+0.902 6.06+0.96° 50.75+0.99° 100% wheat flour+ 1% gum
oo 10,3 Y +oE 3, Moy Ve e
21.29+1.74°  16.03+1.03" 54.34+1.29% 85% wheat flour+ 15% triticale flour
A 5 3,1 wo )3 10 +0ui8 3,1 w3 A0
21.41+1.122 19.33£0.45%  44.92+1.16° 70% wheat flour+ 30% triticale flour
A 5 3, a3 Ve +0uS 5,1 woyd Ve
21.68+1.99° 13.19+0.19¢° 55.27+£1.772 85% wheat flour+ 15% triticale flour+ 0.50 gum
G ¢[00+ 55 5,1 Mo yd 10 +puiS 3,1 w03 AO
20.97+2.08%  10.87+0.56¢ 53.98+1.09% 85% wheat flour+ 15% triticale flour+ 1% gum
Gowo o yd ) + A 5 3,] wo )3 10 +0uiS 3,1 w3 A0
21.09+£1.712 13.11+0.45°  46.03+0.87° 70% wheat flour+ 30% triticale flour+ 0.50 gum

20.53+1.01%  11.08+1.19%  4559+2.61°

Gowo ¢[00+ 5T 5,0 a0 yd Yo + 008 3, oy Ve
70% wheat flour+ 30% triticale flour+ 1% gum
Gowo 20y Y + A 7 3,1 o 3 e + oS 5,1 wo pd Ve

5585 (gl gixe @glis P<0.05 aaws ;5 (g lol i I gt o 5 i g
Similar letters in each column are not statistically significant at the level of P <0.05.
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Different concentrations of cardamom essential oil (PPM)
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Fig. 5. The effect of different levels of cardamom essential oil on the antioxidant activity of produced doughnuts.
Similar letters are not statistically significant at the level of P <0.05
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log cfu g o 1 (65100 yloj e (b (sogi (SBCILgY yodke o SuS il 3o B (uilu] Ciglitie zgbaw 51 -0 Joua
Table 5- The effect of different levels of cardamom essential oil on the growth of mold and yeast in doughnuts produced
during storage according to log cfu g-1

(595) &y ko Shelf life (days)

,lo.s Treatments

6 3 0
5.94+0.34% 3.49+1.17° - Control 1 (no triticale flour-basil gum and cardamom essential oil)
(U2 bl 5 oylxs y &owo — A%y a,i A8L) S wald
3.97+0.66°  3.12+0.29° - Control 2 (15% triticale flour and 0.50% basil gum)
(o) &owo w0 > +[0+ o Ay 7 3,1 ao > 10) 95 wals
2.45%1.24%  2.31+0.06% - 15% triticale flour+ 0.50% gum+ 50 ppm essential oil
bl ol (o1 (2 0 +Rowo Mo yd ¢[00 +AlS T 3] o yd VO
2.19+0.11° 1.08+0.27°¢ - 15% triticale flour + 0.50% gum + 100 ppm essential oil
ol ol o g Vo e o o yd ¢[00+l 4T 5,1 woyd VO
- - - 15% triticale flour + 0.50% gum +150 ppm essential oil
oWl ol o 2 10+ +Rowo o yd +/0e +4]M,3 b)i KW SR L)
- - - 15% triticale flour + 0.50% gum + 200 ppm essential oil
oWl ol o 2 Yo r +Rowo Moy +/0e +4]M,3 b)i KW SR L)
(395) 551 3ko; Shelf life (days) & ,loy Treatments
15 12 9
8.11+0.74® 6.82+0.04% 6.26+0.278 Control 1 (no triticale flour-basil gum and cardamom essential oil)
(o il 5 oy drowo — Sk 5 3,1 A818) S s
7.85£0.37% 6.76+1.19% 5.95+1.042 Control 2 (15% triticale flour and 0.50% basil gum)
(o) &owo w0 > +[0+ o A 7 3,1 ao > 10) 95 walls
6.73+0.15* 5.21+0.16* 3.10+0.07° 15% triticale flour+ 0.50% gum+ 50 ppm essential oil
bl ol o o1 0% +dous duoyd ¢ [0+ +dS 7 3,] wod Y0
3.97+0.26° 3.07+0.09° 3.01+1.12° 15% triticale flour+ 0.50% gum+ 100 ppm essential oil
awilw! ,alh#@ Yoo +&owo Mo yd v[oe +AI 5 .:)i o0 Vo
3.81+0.70°  3.43+1.4°  1.44+0.06° 15% triticale flour+ 0.50% gum+ 150 ppm essential oil
ol ol 9 2 Y0+ +Rowo oy +/0e +4ll$§g,3 b)i KW SR L)
2.94+0.61° 2.05+0.34° 1.17+1.02° 159% triticale flour+ 0.50% gum+ 200 ppm essential oil

ol ol o g Voo +dow o yd ¢[00+l 45 5,1 woyd V0

55 ()b e caglis P<0.05 g 55 (5Ll

3 5 ()l ploj & bgupe) iy 53 e B9

Similar letters in each column (related to storage time) were not statistically significant at the level of P <0.05.
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Fig. 5. The effect of different levels of cardamom essential oil on the overall acceptance score of produced doughnuts
Similar letters are not statistically significant at the level of P <0.05
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Table 6- The effect of different levels of cardamom essential oil on the sensory properties of produced doughnuts

Sensory properties
> B Sy

Treatments
Loy
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Porosity Crust Form and shape
SS9 S s SS9 08
3.40+0.81° 4.20£0.712 4.40+ 0.562 Control 1 (no triticale flour-basil gum and cardamom
essential oil)
(il g ol ) frono iy 3 3,1 48) S sl
4.60£ 0.622 4.20+ 0.662 4,60+ 0.622 Control 2 (15% triticale flour and 0.50% basil gum)
(Ot y owo duo pd ¢[00 o WIS 5 3,1 o yd 10) 93 wald
443+ 0.772 4,60+ 0.742 4.20£0.712 15% triticale flour+ 0.50% gum+ 50 ppm essential oil
ol 0l o o1 0% +owo dwoyd + /04 +dIKS 5 3,1 dwo 3 Y0
443+ 0.772 4,23+ 0.822 437+ 0.672 15% triticale flour+ 0.50% gum+ 100 ppm essential oil
ol ol o g Vo e Hhowo o yd ¢[00 1l 4T 5T woyd VO
4.20£0.712 4.43£0.772 4.40+0.722 15% triticale flour+ 0.50% gum+ 150 ppm essential oil
ol ol o 2 Y0+ o o yd ¢[00 +allS 4T 5,1 woyd VO
4.40+ 0.562 4.20+0.712 4.30£0.772 15% triticale flour+ 0.50% gum+ 200 ppm essential oil

ol ol o 2 Voo +iow Juoyd ¢[00+l 45 5,1 woyd V0

Sensory properties Treatments
o> S SR Lo
Odor and taste Chewiness Firmness and
850 9 2 O Skl softness
Al (0 g AW
3.30%£ 0.98° 3.30x 0.64° 3.80+0.71° Control 1 (no triticale flour-basil gum and cardamom
essential oil)
(o (uilw! 5 ol y Gowo— IS0 5 3,1 93L) S sl
4.20+0.71° 4.20 +0.98° 4.37+0.722 Control 2 (15% triticale flour and 0.50% basil gum)
(o) &owo duoyd +/0+ 5 WS 7 3,1 do yd 10) 95 walds
4.60+ 0.62% 4.60+ 0.79% 4.80+0.772 15% triticale flour+ 0.50% gum+ 50 ppm essential oil
bl ol ot o2 00 +dowo Mo yd ¢[00 +dlSi 5 3,1 a3 VO
4.80+ 0.412 4.80+ 0.402 4.43+ 0.402 159% triticale flour + 0.50% gum + 100 ppm essential oil
ol @l o g Vo v +Eoo w0y ¢[00+ 5 3,] woyd V0
4.20+ 0.66° 4.20+ 0.76° 4.60+ 0.772 15% triticale flour+ 0.50% gum+ 150 ppm essential oil
ol ol 0 2 10+ +iow o yd ¢[00+l 4T 5,1 o yd V0
4.20+0.71° 4.20 +0.63" 4,43+ 0.622 15% triticale flour+ 0.50% gum+ 200 ppm essential oil

ol ol o g Yoo +dow o yd ¢[00+l 45 5,1 o yd V0

)85 (gl gixe oglis P<0.05 aaws 45 (g jlol Jlas I gt o 5 i gy
Similar letters in each column are not statistically significant at the level of P <0.05.
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