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3 -Merck
4- HP Scanjet G4010 Photo Scanner, Japan.
3- Canon MF Toolbox 4.9.
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!~ Principal Components Analysis (PCA)
2 - Partial Least Squares Regression Analysis (PLSR)
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Table 1. Chemical Properties of Used Rice Bran
Chemical Properties  Amount (%)

Moisture 8.7£0.12
Protein 14.6+0.23
Fat 15.4+0.43

Ash 1.2+0.09

Fiber 9.4+0.22
Phytic acid 35.2240.12
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Figure 1- The sample of transformed image from the crust; A: Original image; B: L* component; C:
a* component; D: b* component.
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Figure 2 - The sample of transformed image from the product's crumb for color evaluation; A:
Original image; B: L* component; C: a* component; D: b* component.
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Table 2. Effect of rice bran on the sensory properties of Fouman cookies

Treatment Texture Color Taste Odor General acceptance
Control 52 4.9 472 52
10 %Rice bran 4.82 4.8 477 4.92
20 %Rice bran 3.6° 4.8 428 4.2°
Standard error of mean(x)  0.42 0.38 0.49 0.44

Values in columns with different letters are significantly different (p< 0.05).
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Table 3. Effect of rice bran on the chemical properties of Fouman cookies

Treatment Moisture(%) Protein (%) Ash(%) Fat(%)

Control 15.67° 10.99° 0.72°  10.37°

10 %Rice bran 17.05b 13.69°  117°  14.4b

20 %Rice bran 20.39° 18.8° 146°  21.28°
Standard error of mean(=+) 0.14 0.83 0.008 1.39

Values in columns with different letters are significantly different (p< 0.05).
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Table 4: Effect of rice bran on the characteristics of image processing of Fouman cookies

Treatment L a b crumb L crust a b Average size Porosity
crumb crumb crust crust (mm)
Control 80.53* 1.05° 40.36* 40.89° 19.64% 4448 16.85 9.9
10 %Rice bran
75.79° 1.32¢ 3246 37.5° 135° 3451 6.99" 4.75
20 %Rice bran 67.2°  4.04% 35440 3613° 12.17%° 31.71° 7.59P 0.6¢
Standard error of 072 186 416 006 176 175 0.86 0.50

mean(+)

Values in columns with different letters are significantly different (p< 0.05).
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Figure 1: Effect of rice bran on Fouman cookie hardness during storage; Values in columns with different letters
are significantly different (p < 0.05).
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Figure 2: Effect of rice bran on Fouman cookie adhesiveness during storage ;Values in columns with different
letters are significantly different (p < 0.05).
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Figure 3: Effect of rice bran on resilience of Fouman cookie during storage; Values in columns with different
letters are significantly different (p < 0.05).
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Figure 4: Principal component analysis biplot on properties of Fouman cookie samples.
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Table 4: Pearson correlation coefficients between characteristics of Fouman cookie samples
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Hardness @ Adhesiveness @ Resilience @ Hardness @ Adhesiveness @ Resilience @ Hardness @ Adhesiveness @ Resilience @ crtm crﬁm chm
1st day 1st day 1st day 3rd day 3rd day 3rd day 7th day 7th day 7th day b b b
Adhesiveness @ 0.832
1st
Resilience @ 1st 026 0.752
day
Hardness @ 3rd 0.841 04 -0.303
day
Adhesiveness @ 0.24 0.339 0.875 0.726
3rd day
Res"'63;§ @3rd 0.328 0.797 0.997* 0.235 10.839
Hard”gzsy@ 7th 0.85 0.416 0.287 1o 0.714 0.218
Adhesiveness @ 0.995 0.882 0.354 0.784 0.143 0.419 0.795
7th day
Res"'eggj @7th -0.908 -0.988 -0.64 -0.538 0.189 -0.693 -0.552 -0.945
L crumb -0.967 -0.664 -0.006 -0.951 -0.478 -0.077 -0.956 -0.938 0.772
a crumb 0.991 0.753 0.132 0.905 0.364 0.202 0.912 0.974 -0.846 0 9'92
b crumb -0.686 -0.974 -0.881 -0.184 0.542 -0.912 -0.201 -0.754 0.928 0.479 0 5_85
L crust -0.989 -0.905 -0.4 -0.752 -0.094 -0.464 -0.764 -0.999* 0.96 0.919 0 €;61 0.786
a crust -0.965 -0.948 -0.503 -0.671 0.022 -0.563 -0.684 -0.986 0.986 0.868 0 523 0.852
b crust -0.975 -0.934 -0.467 -0.701 -0.019 -0.528 -0.713 -0.992 0.978 0.887 0 9;38 0.83
Average Size -0.884 -0.995 -0.681 -0.492 0.241 -0.731 -0.506 -0.926 0.999* 0.737 0 8_16 0.946
Avrea Fraction -1* -0.815 -0.231 -0.857 -0.268 -0.3 -0.866 -0.992 0.895 0.974 0 595 0.664
Moisture 0.947 0.61 -0.063 0.97 0.538 0.008 0.974 0.911 -0.726 0.998 0.981 0 416
Protein 0.964 0.655 -0.005 0.954 0.488 0.066 0.959 0.934 -0.765 -1%* 0.991 0 469
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Hardness @  Adhesiveness @  Resilience @ Hardness @ Adhesiveness @ Resilience @ Hardness @ Adhesiveness @ Resilience @ crtm crﬁm chm

1st day 1st day 1st day 3rd day 3rd day 3rd day Tth day 7th day 7th day b b b
Ash 0.999* 0.849 0.291 0.823 0.208 0.358 0.833 0.998* -0.921 O.€;59 0.987 0'7-09
Fat 0.841 0.399 -0.304 1H** 0.727 -0.235 1* 0.784 -0.537 0'9-51 0.904 O.£83
Odor -0.817 -0.359 0.345 -0.999* -0.756 0.277 -0.998* -0.756 0.5 0.936 0.8-85 0.14
Taste -0.908 -0.988 -0.64 -0.538 0.189 -0.693 -0.552 -0.945 1 0.772 0.8- 16 0.928
Color -0.745 -0.25 0.45 -0.987 -0.826 0.386 -0.985 -0.676 0.397 0.89 0.8-26 0.026
Sensory texture -0.886 -0.479 0.218 -0.996 -0.663 0.148 -0.997 -0.836 0.61 0.975 0_£;39 0.27
Overall quality -0.877 -0.464 0.235 -0.997* -0.676 0.165 -0.999* -0.826 0.596 0.97 0.5532 0.253
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Table 4continued: Pearson correlation coefficients between characteristics of Fouman cookie samples
L crust a crust b crust Avgrage Are_a Moisture  Protein Ash Fat Odor Taste Color Sensory
Size Fraction texture

a crust 0.993
b crust 0.997* 0.999*

Average
Size 0.944 0.976 0.966
Area
Fraction 0.984 0.957 0.968 0.87

Moisture -0.89 -0.831 -0.853 -0.688 -0.956
Protein -0.915  -0.862 -0.882 -0.729 -0.972  0.998*

Ash -0.993  -0.973  -0.982 -0.899  -0.998*  0.936 0.955
Fat -0.752 -0.671 -0.701 -0.491 -0.857 0.97 0.954 0.823
Odor 0.723 0.638 0.669 0.453 0.833 -0.959 -0.94 -0.798  -0.999*
Taste 0.96 0.986 0.978 0.999* 0.895 -0.726 -0.765 -0.921 -0.537 0.5

Color 0.639 0.545 0.58 0.348 0.764 -0.92 -0.895  -0.723  -0.988 0.993 0.397

S;g;‘ffg 0.808 0734 0762 0567 0.899 -0.988 -0977 -087  -0.996  0.991 0.61 0.97

Overall

quality 0.797 0.722 0.75 0.552 0.891 -0.985 0973 -0.862 -0.997* 0.993 0.596 0.974 1*
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Table 6:Partial Least Squares Regression models for sensory characteristics of Fouman cookie samples

Coefficients Odor Taste Color Texture Overall quaility
Constant 3.66437 4.46335 3.07964 1.64117 3.11346
Lcrumb 0.02041 -0.00014 0.0328 0.0487 0.02843
acrumb -0.04231 -0.00064 -0.06706 -0.10282 -0.05987
bcrumb -0.03434 0.00439 -0.05933 -0.07363 -0.04368

Lcrust 0.01459 0.00292 0.02042 0.04086 0.02335
acrust 0.00117 0.00234 -0.00046 0.0075 0.00399
bcrust 0.00236 0.00128 0.0025 0.00823 0.00459
AverageSize -0.00989 0.00238 -0.0182 -0.01899 -0.01147
AreaFraction 0.01768 0.00079 0.02749 0.044 0.02553
R? 0.999 0.999 0.999 0.999 0.999
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Introduction: Rice (Oryza Sativa), a member of Gramineae family, is one of the most important cereal
grains which can be annual or perennial. The grain has many varieties which are divided into Asian and
African classes. Rice grain and its related products are food staple of over 40% of global population
(Sereewatthanawut et al. 2008). Rough rice (paddy) is surrounded by a loose outer hull or husk. The white
starchy endosperm kernel of rice is enclosed by a firmly adhering bran coat and germ. In general, rice is
milled before utilization, producing hull, bran, germ, and white rice. Rice bran, process discard, is
extensively used as animal feed, fuel or fertilizer throughout the world (Saunders 1985). Rice bran is rich in
protein (12-16%), fat (16-22%), raw fiber (8-12%) as well as vitamins and minerals (e.g., thiamin, niacin,
aluminum, chlorine, iron, magnesium, phosphorus, potassium, silicon, sodium, and zinc). This byproduct is
good source of vitamin E such as tocopherols (alpha, beta, sigma, and gamma). Numerous studies have
shown the beneficial effects of vitamin E in the prevention, control, and treatment of various disease.
Moreover, over the years many studies have confirmed the health benefiting effects of rice bran (Ryan et al.
2011). Recently, immunoregulatory effects of rice bran, against enteric pathogens, have been reported
(Kumar et al. 2012; Nealon et al. 2019). Rice bran, as a fermentable substrate for the growth of the probiotic
microorganisms, has been successfully used for the production of functional foods (Poletto et al. 2019). To
the best of our knowledge, there are no reports on the use of rice bran in the formulation of Fouman cookie.
Thus, the present study was designed: (a) to examine the effects of rice bran on the chemical, physical and
organoleptic properties of Fouman cookie; (b) to obtain the relationship between Fouman cookie parameters
using multivariate mathematical-statistical methods such as partial least squares regression analysis (PLSR)
and principal components analyses (PCA) as ways to offer simple ways to measure texture, sensory and
shelf-life aspects.

Material and methods: The stabilized rice bran was kindly provided by the Giltaz Company (Langarud,
Guilan, Iran). The obtained bran powder was stored at -18°C till further analysis. In this research, we
investigated the effect of different levels of rice bran (0, 10% and 20%) in production of Fouman cookie.
Moisture, protein, ash, fat, total dietary fiber, phytic acid, acidity, peroxide, and vitamins (thiamin, niacin,
Bs, E and pantothenic acid) were analyzed by method of American Association for Clinical Chemistry
(AACC (2000). The prepared samples were coded by two-digit codes and presented in random order to 10
trained evaluators. They were asked to score the cookies in the range of 1 to 5 in terms of odor, taste, color,
texture, and overall quality (5-point hedonic scale). All the assessments were conducted on the same day at
room temperature. A texture analyzer (Brookfield, Model CT310K, US) was used to measure the force
required for compression of a round-bottom (2.5 cm diameter x 1.8 cm height) probe on the samples. The
test velocity was set at 0.5 mm/s with a compression depth of 5 mm and the trigger load of 100 g. In a typical
process, the samples were placed vertically inside the device and the probe landed on it with the mentioned
velocity and compression depth (EI-Arini and Clas 2002). The texture of samples was evaluated after 1, 72
and 168 hours of storage for shelf-life monitoring. Crumb texture was determined by a texture analyzer
(Brookfield, Model CT310K, US) provided with the software “Texture Expert”. The aluminum cylindrical
probe (25 mm diameter) was used in a “Texture Profile Analysis” double compression test (TPA) to
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penetrate to 50% depth, at 2 mm/s speed test, with a delay of 30 s between first and second compression.
Hardness (N), springiness and resilience were calculated from the TPA graphic (Gomez et al. 2008). A
central region image of each sample was captured using a flatbed HP Scanjet G4010 Photo Scanner
(Hewlett-Packard, Palo-Alto, CA, USA) supporting Desk Scan |1 software (Hewlett Packard, USA). A single
8 mmx8 mm square field of view was analyzed for each image. Brightness was adapted to150 units and
contrast to 170 units. Images were scanned in 256 grey levels at 150 dots per inch (dpi) each containing 355
columns by 355 rows of picture elements (pixels) (Crowley et al. 2002). ImageJ 1.4g (National Institute of
Health, USA) was used for analyzing of the JPEG image file. The CIE L*a*b* (or CIELAB) color model
was operated for the examination of color (Figure 1). The three parameters of such model represent the color
lightness (L*), redness-greenness (a*) and blueness-yellowness (b*) (Pourfarzad and Habibi-Najafi 2012;
Quevedo et al. 2009). To evaluate crumb structure, color images were converted to 8-bits 256 gray level
images. The thresholding method (conversion to a binary image) of the 256 gray level digital images was
used for image segmentation. The selected crumb grain features were the average size and porosity (Farrera-
Rebollo et al. 2011, Angioloni and Collar 2011). To assess the significant differences among samples, a
completely randomized design was performed (Minitab 15, Minitab Inc., State College, PA, USA). To
investigate the significance of differences between the mean values, Duncan’s multiple range tests were
employed after the one way analysis of variance at the confidence level of 95%. Each test was conducted in
three replicates. Principal component analysis and PLSR were performed on physicochemical, texture and
sensory data sets.

Results and discussion: The results showed that there was no significant difference between the color
score, texture and the overall quality of control and samples containing 10% bran, but their scores decreased
significantly with increasing bran amount up to 20%. The moisture and ash contents of the samples increased
significantly with increasing rice bran amount. Also, by adding rice bran, the parameters of crumb L, crust L,
crust b, porosity, and average size of Fouman cookie significantly decreased. Moreover, addition of rice bran
increased the hardness of samples on the first day, but there was no significant difference between the
hardness of the control and samples containing10% rice bran during storage.

Conclusion: The best physico-chemical, sensory properties and shelf-life of Fouman cookie were obtained
at 10% fortification level. Obtained Partial least squares regression models had very high R? indicating the
high efficiency of these equations in predicting the sensory properties of Fouman cookies using color
analysis indices.
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