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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

Total acidity Peroxide value

Source Anisidine value TBA value Totox value
number
Corrected Model 38418 427 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"" 494
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
Total acid number (mg Oleic acid/ ke wl 0.000

germ extracted oil)

H Mean 217.870 145.890

Fig 2 The effect of probiotics on total acidity
number of probiotic wheat germ oil
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Total acid number(mg Oleic acid/ kg wheat-germ extracted oil)
315.890 145720 147.110 154.780

Fig 1 Effect of xanthan gum treatment on total
acidity number of probiotic wheat germ oil

B Mean
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4,000
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
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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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Total add numaer{ mg Oleic acid] kg wheat-ger extracted 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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Fig 8 The effect of xanthan gum treatment on the
anisidine value of probiotic wheat germ oil
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Fig 9 The effect of probiotic bacteria on the
anisidine value of probiotic wheat germ oil
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Fig 7 Treatment-probiotic-time interaction effect
on the peroxide values of probiotic wheat germ oil.
(X: Xanthan gum; P: Probiotic; NP: Non probiotic;

D: day)
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Fig 12 The effect of xanthan gum treatment on the
thiobarbituric acid value of probiotic wheat germ
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Fig 13 Treatment-probiotic-time interaction effect
on thiobarbituric acid value of probiotic wheat
germ oil. (X: Xanthan gum; P: Probiotic; NP: Non
probiotic; D: day)
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Fig 10 Effect of storage time on the anisidine
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Fig 11 Treatment-probiotic-time interaction effect

on the anisidine value of probiotic wheat germ oil.

(X: Xanthan gum; P: Probiotic; NP: Non probiotic;
D: day)
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Fig 16 The interaction effect of treatment-
probiotic-time on changes in the totox value of
probiotic wheat germ oil. (X: Xanthan gum; P:

Probiotic; NP: Non probiotic; D: day)
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Fig 14 The independent effect of xanthan gum

treatment on changes in totox value of probiotic
wheat germ oil
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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 17 Independent effect of xanthan gum
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Fig 18 Treatment-probiotic-time interaction effect
on probiotic bacteria count. (X: Xanthan gum; P:
Probiotic; D: day)

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)
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Fig 19 Independent effect of xanthan gum
treatment on mold and yeast counts
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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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