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Table 1 Mixing ratio of the Gums used for the

walls of the capsules

Treatments Xanthan Maltodexterin
1:03 0.3 1
1: 0.1 0.1 1
1:+0.03 0.03 1
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Table 2 Analysis of variance of changes in total acidity number (mg of linoleic acid/kg of oil
extracted from wheat germ), peroxide value (meq of oxygen/kg of oil extracted from wheat germ),
anisidine value, thiobarbituric acid value (mg of malondialdehyde/kg of oil extracted from wheat
germ), and totox value (meq of oxygen/kg of oil extracted from wheat germ)

Mean Square

Source Total acidity Peroxide value

Total acid number (mg Oleic acid/ ke wl
germ extracted oil)
m Mean 217.870 145.890

Fig 2 The effect of probiotics on total acidity
number of probiotic wheat germ oil

\YY

Anisidine value TBA value Totox value
number
Corrected Model 384187 4277 4257 19.737 35.08
Intercept 2241884 188.1°" 132.16™ 19823.46™" 1517.21"™
Treatment 96369 12.33" 11.55™ 25.82"" 108"
Probiotic 593" 0.33" 0.000" 0.06™ 1.40™
Time 57319"" 0.44" 7517 106.11"" 4.94™
Treatment * Probiotic 381™ 0.05™ 0.003™" 0.13" 0.51™
Treatment * Time 33063 513" 2.85™ 7.63™ 35.06™
Probiotic * Time 383" 047" 0.003"" 0.40" 0.94"
Treatment * Probiotic * Time 38418™ 0.06™ 0.011™ 0.03" 0.31™
Error 212 0.07 0.007" 0.06 0.22
R Squared 0.986 0.963 0.996 0.992 0.984
Adjusted R Squared 0.981 0.948 0.994 0.989 0.978
250.000 400.000
200 OOO b 350.000
150.000 300000
100 OOO 250.000
50 OOO 200.000
150.000
0.000
No.n— ) Probiotic 1 I I I
probiotic 50000
0.000

Total acid number(mg Oleic acid/ kg wheat-germ extracted oil)
B Mean 315.890 145720 147.110 154.780

Fig 1 Effect of xanthan gum treatment on total
acidity number of probiotic wheat germ oil
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3.500
3.000
2.500
2.000
b b

1.500 b
1.000
0.500
0.000

0 0.03 0.1 0.3

Proxide value(meq 02/kg wheat-germ
extracted oil)

B Mean 3.208 1.143 1.312 1.449

Fig 5 The effect of xanthan gum treatment on the
peroxide values of probiotic wheat germ oil

2.500 a
2.000 ‘
1.500 b
1.000
0.500
OOOO . . . .
Non-probiotic Probiotic
Proxide value(meq 02/kg wheat-
germ extracted oil)
m Meaan 2.111 1.223

Fig 6 Effect of probiotic bacteria on peroxide
values of probiotic wheat germ oil
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Fig 3 Effect of storage time on total acidity number
and thiobarbituric acid value of probiotic wheat

germ oil
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Fig 4 The interaction effect of treatment-probiotic-
time on changes in total acidity number of
probiotic wheat germ oil. (X: Xanthan gum; P:
Probiotic; NP: Non probiotic; D: day)
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Table 7 Analysis of variance of probiotic count (CFU/gram)

Source Log Sum of Squares df Log mean square F-value
Corrected Model 16.915 5 16.216 10207.78"
Intercept 17.564 1 17.564 227823.68""
Treatment 16.613 2 16.312 12738.59™"
Time 14.134 1 14.134 84.55™"
Treatment * Time 16.613 2 16.312 12738.59™"
Error 13.286 12 12.207 -

R Squared = 1.00 (Adjusted R Squared = 1.00)
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Fig 18 Treatment-probiotic-time interaction effect
on probiotic bacteria count. (X: Xanthan gum; P:
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Table 8 Analysis of variance of mold and yeast counts (CFU/gram)

Source Log sum df Log mean square F-value
of squares
Corrected Model 10.67 11 9.63 18799.27
Intercept 10.53 1 10.53 149744.57""
Treatment 9.93 2 9.63 18956.77°"
Probiotic 10.20 1 10.20 70219.31™
Time 6.86 1 6.86 32.24™
Treatment * Probiotic 8.92 2 8.62 1840.70""
Treatment * Time 9.73 2 9.43 11839.99™"
Probiotic * Time 9.34 1 9.34 9646.04"""
Treatment * Probiotic * Time 10.14 2 9.84 30809.73"
Error 6.73 24 5.35 -

R Squared = 1.000 (Adjusted R Squared = 1.000)

\YA


http://dx.doi.org/10.22034/FSCT.19.134.119
https://dorl.net/dor/20.1001.1.20088787.1402.20.134.10.4
https://fsct.modares.ac.ir/article-7-64239-fa.html

[ Downloaded from fsct.modares.ac.ir on 2024-05-13 ]

[ DOR: 20.1001.1.20088787.1402.20.134.10.4 ]

[ DOI: 10.22034/FSCT.19.134.119 ]

VEY d:)}}éa“' 092 AYe QJL&.'.:I

Olnl 2l mlo 5 psle alos

S S Ao g Cout

9 OLEl) femo S o R iV R
oz o J g A5 Gl o e e
o)l ST Sl e sl
b S

Rl 8 ol e (pl 0l S Sl a8l 25 S
Sda a4 odd J S Jhlay 5l e JoS 5k 4 slse
o Sl Sl padse nl 5 L e 03l i
e 035l syl Koy O VseS Sl s
SV Y Glacad bl 0kl iy S sdl
Sl 2de Slie alS s (S)lasme Doy VoYY
(oSS 10Nl (ST o) AeeS| o S SkSTe S o) S
5 SASIES o)t Sosliss sde (ol
Sl e apie SASING S ) S5
b3 iS5 W Gl sl sy s 4 paS
53 kS Wl ) el O gl eS| 5 me 3 (1A
Sbadenl VL ke s a4 gllael (g5l ot Ll 2
28 F DpeldnSl cod B plild o
Gl by cile la el s b i, cikoie Olalas
Sl o,y Jsb s e, izl 5 Bl il
i g Bsi oS il O VeSS L5
it Pl ean eSS Sl e Sl il
Obekily s Sboyl OlssS  ape Foo e oSl
VY s 53 ke Sl 2 S e &gV s
AL ol e D sdins by ol ple 4 ol
5ol S s slST O (pl e oy
310 sl 3 IS 5, YE (b s oS s Sl
S oS Ll E s b aslie 53 ol S sl s B0
polie L3S B8 s OF e s VL (63 na
Solsgre g 036 25y b aslie 53 b gS WS 55
S Jol i bl 215 s [W]cwl asl el

Syl cills G o
du‘;}“’ Ol peds p Ol S gy Y-8
0 4 S oS il g oy LS|

AR

Sl OBV lasled 53 5w el ol Sl
5 S ol Ll Y s PN Sy, (K
OB e A 55, (Ssmn 0ok M0 Sled VA 55,
Gl Okl Ve Sl N S (S ol
Sl QLI Y/ Sl o3 s GRIBIVAY 55 5 S
3 S Ok OB Y/ Sles VA 5, Ssmsn
VA Sas o SSsmsn O OB Y Sl 5 Y 5,
Sl s als ol alie bl JalS (ol gre O s
S5 T 5OA Oley 5 Ssms O OB Y/ 5 YT

.JJ)'.U LS)‘%;Z"*‘ CJ}U.T J._<;_.l§.: Lv

70000
a
60000
50000
40000 ab
30000 T
b
20000 T
10000 .
o]
0.03 0.1 0.3
Yeast&Mold(CFU/g)
- Mean 25625 51575 14800

Fig 19 Independent effect of xanthan gum

treatment on mold and yeast counts
70000

a

60000
S0000
40000
30000
20000

L
o -
o
Non-probiotic Probiotic
Yeast&Mold(CFU/g)
= Mean 9666.67 51666.67

Fig 20 Independent effect of probiotics on mold
and yeast counts

120000 a

100000

' b

80000

60000 E d

e
40000
f

20000 .

i h | hi i i g
AN BN BN BN B BRI
xzsﬂ xags X003 X003- Xh?;f x'z); YOLP- Y01 Xﬁ;' X'Spa Y03P- X03P
o0 oo POIB0 PO o ey DIB0 DO oy DIBO D3O
Yeast&Mold(CFU/g)

EMean 500 2000 85000 15000 53000 1300 42,000 110000 200 1000 6000 52,000

Fig 21 Treatment-probiotic-time interaction on
mold and yeast counts. (X: Xanthan gum; P:
Probiotic; NP: Non probiotic; D: day)


http://dx.doi.org/10.22034/FSCT.19.134.119
https://dorl.net/dor/20.1001.1.20088787.1402.20.134.10.4
https://fsct.modares.ac.ir/article-7-64239-fa.html

[ Downloaded from fsct.modares.ac.ir on 2024-05-13 ]

[ DOR: 20.1001.1.20088787.1402.20.134.10.4 ]

[ DOI: 10.22034/FSCT.19.134.119]

v@ﬁ)ﬁ (:.Lg ﬁ'ﬁ Lg)‘_k@_(;ﬁ&u,i.i\)é\

Oan 5 S Jee

Gl 5 3y elinal gl wbs 3 LI S 55 )
s ol 1 ol slagiss Jl s ddS Lyl 5l Juols
S eSS Sl ot CldS L ey, [T ]S
YL S5 Sk b gy slaciped 5 [Y7] sl anls ¢
Sl 53 i [NV ] e 5 Il o, )
Y g ST g 350 03 1 ST (S5 5
e e il s e S 5U 5 a5l O sl S
M SIS el Gl 6l 03,208 5 b 4 S 55
155 0L S 5 ol [YF] ol o eslinad Lad)
Yo Y 5l s O i gl clle Rl e K S
S5 als sl s B osb s Ao
[YE]os (o5l o o3 505 A b 55 denST g5
o3 ooy 5 7S 3 oslizal U-Y-
oS Wil 5 Sigmsp Ol5e 4

23 Sisma g Ol & gl o sbl 6 5SL Jos )
sde lagastli (Il (S w5 pS Wl
(S35 5 s il sie ST 5 (S s
el 53 yasie SIS Soled 5 ($p0 andly 5 S
O lraised L anlie 5o Sy sl gl
b et plie &S Sl ol (55158 30 S 0 SSsms
sl Doy (Sl slag SL by o8 il
il e o Jld S (Ss gl Lsdie e
oxb e sl skl 4 56 S e o Ol ) o
ol b C’LJ 55 e |y (Ao VY L"’J‘L') € 5S] “.j 5
Sl Kas sl sbol 450 (ST plie o5 a5 o
Ao Jale G Ol a S OlaS| ST Ol g 4 LS &
o Dl 55 Jlad 0581 Glas BBl ke 55 el
Sla Sole 3 oo 25 b OlST ST e 3 5 Al
sy slheSt ds Sl b [Yo]uus s Ll Ll
AU adaly ol ol (Kee ol sl 53 )
~Cd ke 53 (68 OS] ST LS 5 3 g5 et 55 S

Sy Aol ol eslil 4 50 gls

Zz -
S S 4o 0
a)b_iz J\}_AQ\}_A.: Lﬁﬁm—fﬁﬂl«“}du.)@«ﬁ)l aala!
oS A5 Wl 53 G| 5T sl S5 550 o

0 s B &L.Slwup!}éw.n)f@ ol

Y

sdee aliae QL Y0 5 V0 oY/ sols slajled 5o
YA s ao Oley b anslis 53 55, VA Oley 5o JS (s
Ol bl e Aol LI G018 pre ) s S
e D B Sbasbed 5o 55, T Ol s el
(S ssb 4 le el Gy WA Ol b aslie s (55l
o Ll o gladul s as b 8
g Dl S it O gl denST driiens (ites gLl s
S slle b 0T b am glab oo 5 1 fos Sl el
OLS 00 by 5 Vb Cliblws o Of 5y sl s
S S e Gl A o LS & ppalinST Sl 5o
s s Gl sl el s 5 i) O sl
o5 L el B gl eslian jo S, OLS
o b aglie 53 V] S o 28l ola el
535 Y0 b s et s S OUS Wb g ol 4l peS
b S5 O gl ST Cs BB gles 3 (3l 03
S OLaj Sl L dals Slas 53 a1,y slis
L Ll Y7 Slas 5o il JUl581 (ghlo sne &) g
523355 TV 5 WA Ol L3 (S Oley il 53l
L anslds 5o 55, Y Ol 52 QLI Y/ 5V glasles
e Ssb patl il ol de Gy WA 5 4o Olsj
S Y] OS5 cailyss i ile SRS (g ls sne
Slaasls 52 puS s 855 O gV S 51 g (o 500
Ol 3 OF il by o sla (S e o3l
5 el b baasls (glul il s s (g5l o s
e s J S S S Ja A8 S e Aol ST s
Tl ls b baails 23 S 15 sl s se A g5 5,8
oS soder o Sladend oS (Sl gme 5 ol 55551 SV
azmo b gl ol s Il G T e 4 ST

lesls 2158l ;lJ,fLs:jLw
sAals 50 53 55 patli aw o lie mli e s
Slas 3 Al Sousbss 5 S8 il plie
Sols s oy pas (SIS Oley (53l L olly oY
olde QLI Y/ 5 V0 e 53 zmen Aol Ll
anmlie 55 35 Y Oley Lo el S 05k 55 5 el
Al SRl ol e e 590 VA 5 i Ol L
T 0les s e 0las Liall b oS 55 sds olie

Aol jalS (ols sme Dypar jio 555 L alie 53 55,


http://dx.doi.org/10.22034/FSCT.19.134.119
https://dorl.net/dor/20.1001.1.20088787.1402.20.134.10.4
https://fsct.modares.ac.ir/article-7-64239-fa.html

[ Downloaded from fsct.modares.ac.ir on 2024-05-13 ]

[ DOR: 20.1001.1.20088787.1402.20.134.10.4 ]

[ DOI: 10.22034/FSCT.19.134.119]

VoY Q‘i;)‘ﬁf.}‘Y. 092 AYE a)l.a.;?

Olnl 2l mlo 5 psle alos

[6] Sosnik, A., and Seremeta, K.P. (2015).
Advantages and challenges of the spray-
drying technology for the production of pure
drug particles and drug-loaded polymeric
carriers. Advances in Colloid and Interface
Science, 223: 40-54.

[7] Farias-Cervantes, V.S., Chavez-Rodriguez,
A., Garcia-Salcedo, P.A., Garcia-Lopez,
P.M., Casas-Solis, J.,, and Andrade-
Gonzalez, 1. (2018). Antimicrobial effect and
in vitro release of anthocyanins from berries
and roselle obtained via microencapsulation
by spray drying. Journal of Food Processing
and Preservation, 42: e13713.

[8] Rajkowski, K.T. and Bennett, R.W. (2003).
Bacillus cereus, In: Miliotis, M.D. and Bier,
J.W. (Editors), International handbook of
foodborne pathogens, Marcel Dekker Inc,
pp: 27-39.

[9] Mohammed, Y., Lee, B., Kang, Z., and Du,
G. (2014). Development of a two-step
cultivation strategy for the production of
vitamin B12 by Bacillus megaterium. Microb
Cell Fact 13, 102.

[10] Tanaka, K., Takanaka, S., and Yoshida,
K. (2014). A second-generation Bacillus cell
factory for rare inositol production.
Bioengineered, 5(5):331-334.

[11] Elshaghabee, F.M.F., Rokana, N.,
Gulhane, R.D., Sharma, C., and Panwar, H.
(2017). Bacillus as potential probiotics:
status, concerns, and future perspectives.
Front Microbiol, 8:1490.

[12] Agregan, R., Munekata, P.E., Dominguez,
R., Carballo, J., Franco, D., and Lorenzoa,
JM. (2017). Proximate composition,
phenolic contentand in vitro antioxidant
activity of aqueous extracts of the sea weeds
Ascophyllum nodosum, Bifurcaria bifurcata
and Fucus vesiculosus. Effect of addition of
the extracts on the oxidative stability of
canola oil under accelerated storage
conditions. Food Research International, 99
(3): 986-994.

[13] Iranian  National  Standardization
Organization, Standard No. 4093. (2007).
Measurement of anisidine number. First
revision.

[14] Iranian  National  Standardization
Organization, Standard No. 4178. (1998).
Measurement of acidity in edible oils and
fats. First Edition.

[15] Iranian  National  Standardization
Organization, Standard No. 10494. (2016).
Vegetable oils and fats - measurement of 2-

AR

S 5 L S sl IS 0l 5, T b
RS 5> S Ol el sl 5 S
ol 3Ol S Wl > RleST gl pan L Jls ns
O3 SRl 2 S0 5 68 Sl T Ol 55k

3 el edd J S rJf Sl Ll

Z

S Pl -1
j)HQ%JAf)}Q‘)[_{@)\;Q&AQKM}
ol 3T o isils 3 a3 sl sl s S 556 g0
5 ke lesSan s 4 (08Ul 2) Olgi ol a1
L S IS G ol O e sliuly 53 Llagh

Sls

gile Ll -V

A el (gl il o la 4 S O iy 5

@L’.o -A

[1] Gomez, M., Gonzalez, J., and Oliete, B.
(2011). Effect of extruded wheat germ on
dough rheology and bread quality. Food and
Bioprocess Technology, 5: 2409-2418.

[2] Meriles, S.P., Steffolani, M.E., Penci,
M.C., Curet, S., Boillereaux, L., and Ribotta,
P.D. (2022). Effects of low-temperature
microwave treatment of wheat germ. Journal
of the Science of Food and Agriculture,
102(6): 2538-2544.

[3] Zhou, K., Laux, J.J., and Yu, L. (2004).
Comparison of swiss red wheat grain and
fraction for their antioxidant properties.
Journal of Agricultural and Food Chemistry,
52(5): 1118-1123.

[4] Rizzello, C.G., Nionelli, L., Coda, R., De
Angelis, M., and Gobbetti, M. (2010). Effect
of sourdough fermentation on stabilization,
and chemical and nutritional characteristics
of wheat germ. Food Chemistry, 119: 1079-
1089.

[5] Mobus, K., Siepmann, J., and Bodmesier, R.
(2012). Zinc-alginate microparticles for
controlled pulmonary delivery of proteins
prepared by spray-drying. European Journal
of Pharmaceutics and Biopharmaceutics, 81:
121-130.


http://dx.doi.org/10.22034/FSCT.19.134.119
https://dorl.net/dor/20.1001.1.20088787.1402.20.134.10.4
https://fsct.modares.ac.ir/article-7-64239-fa.html

[ Downloaded from fsct.modares.ac.ir on 2024-05-13 ]

[ DOR: 20.1001.1.20088787.1402.20.134.10.4 ]

[ DOI: 10.22034/FSCT.19.134.119]

v@f}ﬁ (:.,\,5 44"}2 6)""&)‘*5&-1\)5‘

Oan 5 S Jee

supercritical CO2. Journal of Agricultural
and Food Chemistry, 60(42): 10689-10695.

[21] Osborn, H.T., and Akoh, C.C. 2004.
Effect of emulsifier type, droplet size, and oil
concentration on lipid oxidation in structured
lipid-based oil-in-water emulsions. Food
Chemistry, 84: 451-456.

[22] Choo, W.S., Birch, J., and Dufour, JP.
(2007).  Physicochemical and  quality
characteristics of cold-pressed flaxseed oils.
Journal of Food Composition and Analysis,
20: 202-211.

[23] Wanasundara, U.N., Shahidi, F., and
Jablonskib, C.R. (1995). Comparison of
standard and NMR methodologies for
assessment of oxidative stability of canola
and soybean oils. Food Chemistry, 52: 249-
253.

[24] Sun, C., and Gunasekaran, S. (2009).
Effects of protein concentration and oil-
phase volume fraction on the stability and
rheology  of menhaden  oil-in-water
emulsions stabilized by whey protein isolate
with xanthan gum. Food Hydrocolloids,
23(1): 165-174.

[25] Sakai, K., Nisijima, H., lkenaga, Y.,
Wakayama, M., and Moriguchi, M. (2000).
Purification and characterization of nitrite-
oxidizing enzyme from heterotrophic
Bacillus badius 1-73, with special concern to
catalase. Bioscience, Biotechnology, and
Biochemistry, 64(12): 2727-2730.

\YY

thiobarbituric acid by direct method. First
edition.

[16] Iranian  National Standardization
Organization, Standard No. 3-10899. (2013).
Microbioligy of food and animal feeding
stuffs - enumeration of Yeast and mould-
Colony count techni in products with water
activity Less than or equal to 0/60. First
edition.

[17] Karadeniz, M., Sahin, S., and Sumnu, G.
(2018). Enhancement of storage stability of
wheat germ oil by encapsulation. Industrial
Crops and Products, 114: 14-18.

[18] Rubilar, M., Morales, E., Contreras, K.,
Ceballos, C., Acevedo, F., Villarroel, M.,
and Shene, C. (2012). Development of a
soup powder enriched with
microencapsulated linseed oil as a source of
omega-3 fatty acids. European Journal of
Lipid Science and Technology, 114(4): 423-
433,

[19] Can Karaca, A., Low, N., and Nickerson,
M. (2013). Encapsulation of flaxseed oil
using a benchtop spray dryer for legume
protein—maltodextrin microcapsule
preparation. Journal of agricultural and food
chemistry, 61(21): 5148-5155.

[20] Durante, M., Lenucci, M.S., Laddomada,
B., Mita, G., and Caretto, S. (2012). Effects
of sodium alginate bead encapsulation on the
storage stability of durum wheat (Triticum
durum Desf.)) bran oil extracted by


http://dx.doi.org/10.22034/FSCT.19.134.119
https://dorl.net/dor/20.1001.1.20088787.1402.20.134.10.4
https://fsct.modares.ac.ir/article-7-64239-fa.html

[ Downloaded from fsct.modares.ac.ir on 2024-05-13 ]

[ DOR: 20.1001.1.20088787.1402.20.134.10.4 ]

[ DOI: 10.22034/FSCT.19.134.119]

JFST No. 134, Vol. 20, May 2023

ABSTRACT

Journal of Food Science and Technology (Iran) &

Homepage:www.fsct.modares.ir

Scientific Research

Prolonging the Shelf-life of Probiotic Wheat Germ Containing
Bacillus badius with Xanthan Gum by Freeze-Dried

Encapsulation Method

Kadkhodaei, A. ', Goli, M. **, Ramezani, M. *

1. Department of Food Science and Technology, Isfahan (Khorasgan) Branch, Islamic Azad University, Isfahan,

Iran.

2. Laser and Biophotonic in Biotechnologies Research Center, Isfahan (Khorasgan) Branch, Islamic Azad

University, Isfahan, Iran.

3. Microorganisms Bank, Iranian Biological Resource Centre (IBRC), ACECR, Tehran, Iran.

ARTICLE INFO

ABSTRACT

Article History:

Received 2022/ 09/ 17
Accepted 2022/ 12/ 07

Keywords:

Antioxidant properties,
Freeze dryer,

Bacillus badius,
Probiotic wheat germ,
Increased shelf life

10.22034/FSCT.20.134.119
DOR: 20.1001.1.20088787.1402.20.134.10.4

*Corresponding Author E-Mail:
mgolifood@yahoo.com

Wheat germ is a high-nutrient byproduct of wheat milling, however it
has a short shelf life and extremely restricted ideal intake due to the
intensive activities of lipase and lipoxygenase. In order to increase the
storage life of probiotic wheat germ containing Bacillus badius, the
freeze drying method was used in this study, and the effect of using
xanthan gum: maltoxtrin in different ratios of 0.3:1, 0.1:1, and 0.03:1 as
the capsule wall on antioxidant properties and physicochemical
characteristics of probiotic wheat germ during 360 days of storage was
investigated. Three control treatments were also produced without
probiotic bacteria and had the same quantities of gums as the
treatments. A pure wheat germ sample was also analyzed on the first
day, 180 and 360, along with the encapsulated samples, for better
comparisons and the influence of applied treatments. The experiments
used a completely random design, and the treatments were analyzed
using SPSS software and comparing the averages using Duncan's multi-
range test at the 99% confidence level. The use of xanthan gum and
maltodextrin as wall materials increased the antioxidant qualities in
encapsulated wheat germ, according to the findings of this study. The
introduction of Bacillus badius bacteria as a probiotic resulted in a
substantial decrease in oxidation indices in wheat germ (P<0.01). In
general, it can be stated that Bacillus badius bacteria, as a powerful
probiotic, can extend the storage time of encapsulated wheat germ.
Furthermore, xanthan gum is proposed as a good material for wheat
germ encapsulation to enhance shelf life.
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