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Table 1. Treatments and mixing ratio of the gums used for the walls of the capsules

Treatments Maltodextrin Persian gum Guar gum CMC
Wheat germ & maltodextrin- 1 0.05 ) )
Persian gum
Wheat germ & maltodextrin- 1 i 005 )
Guar gum
Wheat germ & maltodextrin-
CMC 1 - - 0.05
Wheat germ & 1 i i i
maltodextrin(control 1)
Wheat germ(control 2) - - - -
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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)

Source Type Il Sum of Squares  df Mean Square F Sig.
Corrected 10696.800 14 764.057 2.882 007
Model
Intercept 741895.200 1 741895.200 2798.197 000
Trefytg'eem‘ 3158.356 4 789.589 2.978 035
Storage-time 1701.733 2 850.867 3.209 .055
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Treatment
type-storage 5836.711 8 729.589 2.752 .021
time
Error 7954.000 30 265.133

R Squared = 0.854 (Adjusted R Squared = 0.835)

250.00
200.00
150.00

ab IJE
100.00
50.00
0.00

CMC CMIC|CMC - P- ':."hG WG Wi -.-'13 MD- MD-
-0 -1B0 -360 _BCI 36D _BCI 360 180 360 180 360

mMean 127 173. 122 127.|136. 106. 127. 146.|132. 127 117. 130. 127 |109. 117

Total acid number({ mg
Oleic acid/ kg wheat-
germ extracted oil)

Fig. 1. Treatment type-storage time interaction effect on the total acidity number in wheat germ oil. Means
= SE (h=13) with different letters on each column indicate significant difference (p <0.05). CMC: Carboxy methyl
cellulese, G: Guar gum, P: Persian gum, WG: Wheat germ, MD: Maltodextrin.
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Table 3. Analysis of Variance of peroxide value (meq of oxygen/kg of oil extracted from

wheat germ)

Mean

Source Type 11 Sum of Squares df Square F Sig.
Corrected 4557 14 326 3.975 001
Model
Intercept 57.483 1 57.483 701.927 .000
Treatment- 1.259 4 315 3.844 012
type
Storage-time 1.442 2 721 8.805 .001
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Treatment
type-storage 1.856 8 232 2.833 .018
time
Error 2.457 30 .082
R Squared = 0.850 (Adjusted R Squared = 0.786)
2.50
E
&
- 2.00 a
{:; ab a_rb
%: E 1.50 bc bc bc bed -[ bc t_“:
= "E bcde bode
= e
o 0.50 I
$ I
& b.oo CPIC- CMWIC- CMC Wie | WG MDD - AL -
o 180 3650 &0 G-180 G-360 P-0 P-1B0D P-360 WG-0 180 150 MD-0 180 360

mMean 125 083 | 0.53 125 182 059

117 o065 142 127y 100 142 084 127

Fig. 2. Treatment type-storage time interaction effect on the peroxide value in wheat germ
oil. Means = SE (n = 3) with different letters on each column indicate significant difference (p
= 0.03). ). CMC: Carboxy methyvl cellulose. G: Guar gum, P: Persian gum, WiG: Wheat germ,

MD: Maltodextrin.
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Table 4. Analysis of variance of anisidine value

Type I

Mean

Source Sum of Squares df Square F Sig.
Corrected 12.677 14 1906 46.575 000
Model
Intercept 172.990 1 172.990 8897.626 000
Treatment- 1.482 4 370 19.056 000
type
Storage- 8.742 2 4371 224.810 .000
time
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Treatment
type-storage 2.454 8 .307 15.776 .000

time

Error .583 30 .019
R Squared = 0.956 (Adjusted R Squared =0.935)

3.50

3.00 i a a

2.50 °
é 2.00 d d a e d d - d cd
E 1.50 e =

1.0

050 I

(1N 1]

mgc' CI‘;S' C:;S' G0 |G-180 G-360 P-0 |P-180 P-360 | WG-0 Ts%_ '";S%' MD-0 TEE:) ';16%_

mMean 170 162 254 170 | 182 286 170 117 282 170 203 | 246 170 1.37 183

Fig. 3. Treatment type-storage time interaction effect on the anisidine value in wheat germ
oil. Means = SE (n = 3) with different letters on each column indicate significant difference (p
=< 0.05). ). CMC: Carboxy methyl cellulose, G: Guar gum, P: Persian gum, WG: Wheat germ.,
MDy: Maltodextrin.

Joo S S e sles 3 el sl sy
baslis )3 jio Olos 2 S Wil 5 )b Gl Oles Glas Jiis 10 Jsdr bl JUT b
Bl JlalS (ol pme Doy 55, T 5 VA Ol Soosobiss gl Obeslas hlize 15 (6 1S
Sl e 03 55b (el palis rzmen Sl cl ey (PO Sl gme ( SAST 8 e) S
wlie Ol 5o bajlas plo banolis 53 55, Y Ol s slesd ps el pl polie o VL E s gl 4 4 5L
el Bl Sl (gl pre ) pa DAoml 5 3 Tl Ol s Pl fte oS S Res
sdal2a 55,5 VA OLsj 5 o iS5l las s Of

Table 5. Analysis of variance of thiobarbituric acid value (mg of malondialdehyde/kg of oil
extracted from wheat germ)

Mean .
Source Type 11l Sum of Squares  df Square F Sig.
Corrected 174.745 14 12482 45.344 000
Model
Intercept 11906.224 1 11906.224 43253.068 .000
Treatment- 27.704 4 692 25.160 000
type
Storage-time 115.192 2 57.596 209.236 .000
Treatment
type-storage 31.849 8 3.981 14.463 .000
time
Error 8.258 30 .275

R Squared = 0.955 (Adjusted R Squared = 0.934)
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o 180 350 G0 | G-180 G-360 P-0 | P-1B0 P-360 WG-O 180 350

m Mean 1475 16.31 2054 1475 1493 1917 1475 1581 1985 1475 1639 17.34 1475 1441 1550

Fig. 4. Treatment type-storage time interaction effect on the thiobarbituric acid value in
wheat germ oil. Means = SE (n = 3) with different letters on each column indicate significant
difference (p =< 0.03). ). CMC: Carboxy methyl cellulose. G: Guar gum_ P: Persian gum_ WG:
Wheat germ. MD: Maltodextrin.
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Table 6. Analysis of variance of totox value (meq of oxygen/kg of oil extracted from wheat germ)

Source Type 1l Sum of df Mean Square F Sig.
Squares
Corrected 9.707 14 693 2,911 007
Model
Intercept 769.213 1 769.213 3229.637 .000
Treatment- 4.490 4 1.123 4713 005
type
Storage-time 1.597 2 799 3.354 .048
Treatment
type-storage 3.619 8 452 1.900 .097
time
Error 7.145 30 .238

R Squared = 0.876 (Adjusted R Squared = 0.778)
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Fig. 5. Treatment type-storage time interaction effect on the changes of the totox value in
wheat germ oil. Means = SE (n = 3) with different letters on each column indicate sigmificant
difference (p < 0.03). ). CMC: Carboxy methvl cellulose, G: Guar gum, P: Persian gum. WG:

Wheat germ, MD: Maltodextrin.
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Fig. 6. Treatment type simple effect on the total count in wheat germ on the 360" day after encapsulation.
Means + SE (n = 3) with different letters on each column indicate significant difference (p < 0.05). ). CMC:
Carboxy methyl cellulose, G: Guar gum, P: Persian gum, WG: Wheat germ, MD: Maltodextrin.
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Fig. 7. Treatment type simple effect on the yeast count in wheat germ on the 360" day after
encapsulation. Means + SE (n = 3) with different letters on each column indicate significant difference (p <
0.05). ). CMC: Carboxy methyl cellulose, G: Guar gum, P: Persian gum, WG: Wheat germ, MD: Maltodextrin.
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Wheat germ is the embryo of the wheat grain and is abundant in tocopherol,
protein, and omega-3 fatty acids. Wheat germ has high enzyme activity, which
reduces its shelf life. Wheat germs are often eliminated during the milling of
wheat grains to extend the shelf life of the flour and avoid the formation of an
unpleasant taste in the flour. The goal of this study was to enhance the storage
life of wheat germ by freeze-drying encapsulation using guar, carboxymethyl
cellulose, and Persian gums. The current study employed a 1:0.05 ratio for
maltodextrin: different gums mixes, and physicochemical and microbiological
tests were performed on the samples throughout a 360-day storage period. The
collected data was evaluated using a completely random design. SPSS was used
for statistical analysis of the samples, and averages were compared using
Duncan's test at a significance level of 1%. The results showed that the amount
of peroxide in CMC gum treatment decreased with time. Anisidine and totox
levels were also reduced by Persian gum and maltodextrin. The amount of yeast
in maltodextrin, Persian, CMC, and guar treatments decreased, whereas total
bacterial count values increased in Persian gum, guar, maltodextrin, and CMC
treatments. Investigating wheat germ encapsulation to extend product shelf life
revealed that the efficacy of this technology is dependent on the kind of wall
material as a primary parameter. The mixing of various gums and materials
with other gums may be useful in increasing the physicochemical
characteristics of the resulting microcapsules.
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