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1.) PROJECT ACTIVITIES COMPLETED DURING THE REPORTING PERIOD. (Describe project progress specific to goals, objectives, and deliverables identified in the project workplan.)

The PI has completed an application for request of GRAS (Generally Regarded as Safe) Status for a Food Grade Distillers developed in his university.  This process for food grade processing has been protected with an invention disclosure and a Patent Application as reported in the previous progress report.

Considerable research was carried out in support of this GRAS application.  A consultant was employed to provide the documentation for GRAS application.

Safety studies involving spiking of Raw DDG and subsequent monitoring of fungal spores and aflatoxin are underway to establish the efficacy of SDSU’s process for food grade DDG production.  

Some preliminary data was obtained about the content of nutraceutical (Carotenoids ,Xanthophylls and Total Phenolics Content)  of wheat flour, food grade distillers grains, raw unprocessed DDG and chickpea flour.

	Ingredient
	Carotenes
mg/lb
	Xanthophylls
mg/lb

	Raw DDG
	13.31
	10.29

	All-purpose flour
	0.00
	0.00

	Chickpea flour
	6.27
	5.73

	Food Grade DDG
	9.17
	6.41



	Ingredient
	Phenolic content
mg/g

	Food Grade DDG
	27.7

	All-purpose flour
	2.3

	Chickpea flour
	10.8



- Carotenes and Xanthophylls in Dried Plant Materials and Mixed Feeds - Spectrophotometric was measured using AOAC method (method# 970.64-1974)

-The total phenolic content was measured using AOAC
method (method # 952.03, 1990)

We are preparing Food Grade DDG for testing in pizza crust by a food company (January 2017).

Two papers were presented at the American Association of Cereal Chemist International meeting in Savannah, Georgia, Oct 26-29, 2016.

Ph.D. Graduate student Hadeel Al Raayes, who presented a paper on the Glycemic Response of DDG Foods, was selected as a finalist in the Nutrition Division section. Her research was well received by the scientific community.

Additional work involves the production of Nutrient Bars for world hunger relief.  High protein and High Fiber bars are being evaluated to compare acceptability and nutritional composition relative to several products currently used in hunger relief and food supplementation program in the world.

Progress continues on the development of a high fiber/high protein extruded snack product (similar to Cheetos) that uses DDG and chickpea.  This paper was presented at both the AACCI conference in Atlanta, and also at the Institute of Food Technologists Conference in Chicago, June 2016.


2.) IDENTIFY ANY SIGNIFICANT FINDINGS AND RESULTS OF THE PROJECT TO DATE. 

Results are presented as a poster (please see Appendix).

The GRAS application document will be shared through a separate mailing.

PI Krishnan assisted several commercial corn processors who are developing proprietary products that originate from the corn ethanol industry.  The sensitive nature of this work precludes sharing of details.  

A New Sun Grant/NIFA grant ($100,000) was received at SDSU relating to the use of raw materials from corn fibers in the production of nano films for food packaging.  PI Krishnan will have a portion of the budget to devote to the efforts in his labs. The project begins officially in February 2017.


Lin, Wei, K, Muthukumarappan, and P. Krishnan. Development of lignocellulosic nanocomposites from prairie cordgrass and corn stalks for smart packaging applications.  Approved for funding for $100,000 for 2016.

A high protein DDG (45% protein) and SDSU’s FDDG were compared used in fortifying white sandwich bread to yield nutritionally enhanced white bread.  This paper was presented at the National Corn Utilization and Technology Conference in Kansas City, July, 2016.

Inclusion of Chickpea (CP) and FDDG into All Purpose Four Pita formulations (APF), separately and in combinations (70:20:10 & 70:10:20), brought about improvements of the Glycemic Response (GR) when compared to control flour Pita.  Sensory evaluation of the pita breads was also performed. The study demonstrated the efficacy of high fiber and high protein ingredients such as chickpeas and food grade distillers’ grains in the development of low glycemic response foods.


3.) CHALLENGES ENCOUNTERED. (Describe any challenges that you encountered related to project progress specific to goals, objectives, and deliverables identified in the project workplan.)

Access to real world DDG samples encountered in previous months was overcome by our decision to develop more controlled in-house spiking studies involving fungal spores and toxins.  We will be able to more confidently make statements about the efficacy of our processes as measured by routine analytical methods.

4.) FINANCIAL INFORMATION (Describe any budget challenges and provide specific reasons for deviations from the projected project spending.)

No significant deviations from projected budget is expected.


5.) EDUCATION AND OUTREACH ACTIVITES. (Describe any conferences, workshops, field days, etc attended, number of contacts at each event, and/or publications developed to disseminate project results.)

Scientific presentations at two national and international conferences serve to disseminate credible scientific information about DDG used as a food ingredient.

Five thousand cookies were distributed at the MN Farm Fest in the Corn Growers Association tent during August 2 to 5, 2016.  Several radio and print news articles have appeared as a result of this activity that reaches large numbers of audience.
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Introduction

Unique blends of wheat (W), chickpea (CP) and corn flour fractions may demonstrate
beneficial effects in health. Distillers dried grains (DG) from corn ethanol production
represent a rich source of protein and dietary fiber. Close to 40 million metric tons of DG
are produced annually.

Low-glycemic index (Gl) foods, namely, pita bread, were developed using commercial All
Purpose Wheat Flour (W), chickpea flour (CP) and Distillers dried grains (DG) derived
from corn in the following proportion: W 100%, W 90%:CP10%, W 90%:DG10%, W
80%:CP 20%, W 80%:DG 20%, W 70%:CP 20:DG 10%, and W 70%:CP10%:CP20%.
Glycemic response of subjects was monitored at 30 min. intervals.

Objectives

« To compare the Glycemic Response (GR) of combinations of CP and DG fortified pita
breads In test subjects.

* To determine the nutritional and sensory characteristics of pita bread fortified with DG
and Chickpea at the 10 and 20% level of substitution.

Materials and Methods
 Wheat flour, chickpea and Corn DG blends were prepared in the ratios provided in
Table 2.
« Pita bread was baked at 525°F using a pizza stone in a convection oven.
* Proximate analysis was performed using the following methods:
« Moisture content: Air-Oven Methods. AACC Method No 44-15.02
« Fat content: Acid hydrolysis AACCI Method no 30-10.01
* Protein content. Dumas combustion analysis AACC method no. AACC
46-30.01
* Ash content: AACC Method no. 08-01.01
« TDF Content. AACCI Method no.32-07.01 to determine Total Dietary
Fiber.
« (Carbohydrates: Calculated by difference
« Texture analysis was performed using a Texture Analyzer (TX-XT-Plus,
Texture Technologies, Scarsdale, NY. Stable Micro Systems,
Godalming, Surrey, UK.
« Sensory analysis was carried out by trained panelists employing a seven-point
hedonic scale.

Experiment Design: A single blind, randomized controlled, cross over design with a
convenience sample was employed (Marinangeli, Kassis, & Jones, 2009).

Test Meal

Table 1. Participants profile

Participants All subjects (n=12)
Profile

|
- 00000

24.25+3.56 Years

0 30600 20
I Time in minutes _
FBG 81.9+2.08 mg.min/dL

Fasting BC
(12 hours)

 The Incremental Area Under the Curve (IAUC) was calculated.
Figure 1. Study Design and Participants Profile
Table 2. Experimental design: Composition of flour blends .

Fortification Level

Wheat Chickpea flour Food grade

Treatment (T)

W:CP:DG

(W)% (CP)% DDGS
(DG)%
100% W (control) 100 0 0
90%W:10%CP:0%DG 90 10 0
90%W:0%CP:10%DG 90 0 10
80%W:20%CP:0%DG 80 20 0
80%W:0%CP:20% DG 80 0 20
70%W:20%CP:10%DG 70 20 10
70%W:10%CP:20%DG 70 10 20

80%W-20%CP 80%W-20%DG

100%W bread
Figure 2. Control Wheat Pita, 20%Chickpea and 20%DG Pita breads

Results

Proximate analysis

~lour replacement with CP, DG resulted in changes in protein, fat, fiber and
caloric content in the cooked pita breads, particularly at the highest substitution
levels. Portion size for iso-caloric doses was also different between treatments.

Table 3. Proximate analysis of pita bread.
Amt. for
Pita Bread | Protein | Fat | Ash |Moisture| TDF | Kcal/ 50g Av
formula % % % % % 100g

CHO**

17.8g 0.11f 0.59g 30.0f 5.21g 267.5 4923 1015
16.7f 0.11f 0.6f 30.0f 7.21f 263 4528 110.4
17.3e  0.12e 0.6le 30.9e 10.04e 254.1 4095 122.1
18.1d 0.13d 0.62d 31.9d 11.74d 247 37.48 1334
18.9b 0.21b 0.97b 38.6b 15.64b 2125 2594 192.7
| 186c 0.16c 0.72c 34.2c 13.05c 234 33.03 1514
10DG
19.6a 0.28a 1.06a 40.3a 17.44a 201 21.38 234.0

*AV (CHO):available carbohydrate by difference the formula is: 100 - (weight in grams [protein + fat + water + ash +
alcohol + dietary fiber] in 100 g of food).

**Energy (kcal/100g) = protein (g/100g) X 4 + fat (g/100g) X 9 + available carbohydrates (g/100g) X 4 + dietary fiber
(g/100g) X 2 + alcohol (g/100g) X 7

Table 4. Texture analysis of pita bread using a Burst Rig and Tug Fixture

Pita Bread Burst Distance Tug Distance

100W 19.9a 353.4c 5.09a 237.2d
90W-10CP 18.7a 398.3c 4.90a 251.5d
90W-10DG 16.6ba 455.3c 4.74a 385.9c
80W-20CP 14.6b 540.1bc 4.68a 356.3c
80W-20DG 13.5bc 599.1b 4.40ab 686.1b
70W-20CP- 14.9b 725.2bha 3.92b 633.7b

10DG
70W-20DG- 10.8c 742.3a 3.76b 753.3a

10CP

Figure 4. Burst Rig and Tug Fixture analysis of Pita bread

 CP-DG fortified pita required a greater force for tearability as determined by
the burst rig and the tug fixture tests. They were twice as strong as the

control wheat pita. Burst distance and tug distance was also reduced by DG
addition.

Table 5. Sensory Analysis scores from expert panel taste testing

3.82b 4.14a 4.12a 4.00a 4.30a

(@eniice s 100%

90%W-10%CP 413a 3.66b 3.46b  4.08a 3.96b
90%W-10%DG ~ 3.60c 4.04ab 4.10a  4.06a 3.54c
3 80%6W-20%CP 414a 3.680 3.42b  4.12a 3.50c
4 80%W-20%DG ~ 3.52c 4.2la 4.07a 4.18a 3.78hc
70%W-20%CP-10% 4.00a 4.04ab 4.07a  3.88a 4.29a
DG
4.10a 4.03ab 3.96a 3.98a 4.26a

70%W-20%DG-
10%CP

Sensory Analysis

« Darkness in color of pita bread increased as DG increased in the formula.

« Beany odor and flavor increased as the percentage of chickpea increased.

« Texture scores as judged by the expert panel showed no significant
differences between treatments. The overall acceptability of bread was found
higher with combinations of food grade DG and chickpea flour than when
these ingredients were tested individually (Table 5).
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Postprandial blood glucose response in all treatment groups were significant
lower than that found with the control.
Control wheat flour pita bread consumption (W) yielded an IAUC of
86.9mg.min/dL).
Pita bread containing 10% CP yielded an IAUC of 84.23 mg.min/dL while the
20%CP pita bread showed IAUC of 67.3 mg.min/dL . FDDG pita breads
with 10% DG showed IAUC of 56.35 mg.min/dL while the 20% DG pita
bread showed an IAUC of 48.53 mg.min/dL.
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Figure 4c. IAUC bar graph
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Discussion

Proximate analysis showed Chickpea and DG fortification significantly
iIncreased protein, fat, and TDF content in the pita breads when compared to
the control wheat flour pita bread.

DG and chickpea, at 36% and 22.3% protein content, respectively, were good
fortification agents.

DG and Chickpea, having 31% and 21.1% .TDF, served as good sources of
dietary fiber. Control wheat flour had a TDF of 5.2% TDF.

Addition of chickpea with food grade DDG showed improvements in the end
product color.

Instrumental texture analysis showed significant differences between
treatments. However, a sensory panel was unable to discern texture
difference between the various pita breads.

Overall taste panel acceptability of pita bread was determined to be higher
with combinations of food grade DG and chickpea flour.

As the fortification level of CP and DG increased, the Glycemic Response
declined. Control APF flour contributed the lowest protein and fiber content
and contributed to the biggest rise GR.

The presence of 20% DDG In pita formulations brought about the highest
depression of glycemic response.

Starch and protein interactions, as well as the presence of bioactive
substances in chickpea and distillers grains may contribute beneficial in GR
changes.

Conclusions

The study revealed that both chickpea and food grade DG fortified pita
breads showed significant reduction in the glycemic response compared to
the control bread. Higher fortification levels of chickpea and/or DG resulted in
greater reduction in glycemic response.

Chickpea flour and DG can be used as functional ingredients to produce low
glycemic foods.
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