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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.)

Current extraction techniques employed in SDSU have improved color and texture of DDG through controlled washing and milling.

Drying of wet DDG is now more efficient with the acquisition of a scientific freeze dryer.  Recovery of 59.8% dry matter is now possible without losses.  Wet DDG may have moisture levels of up to 70% and such high levels of moisture are an impediment physical and chemical extraction techniques.  Freeze dried starting materials are more conducive to conducting mass balance studies as better control is achieved and solvent use is better managed.
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Fig. 1.  Freeze-drying using Harvest Right Freeze Dryer (left), dried DDG (Center), and fine ground and coarse FDDG (right).


Brightness values (L) of FDDG have now reached 90 (on a scale of 1 to 100) with batch-to-batch reproducibility.

Particle size distribution of DDG ground using a 0.2mm and 0.5 mm mesh mill sieve is currently being investigated.  Effects of particle size on bread dough rheology and food texture is being evaluated by MS Food Science Graduate student Patra Akaya. Effects of wheat flour blends fortified with up to 20% FDDG are being studied to establish moisture uptake, dough mixing properties and gas retention capabilities.

An automated Total Dietary Fiber Analyzer was acquired through a 2019 federal National Institute of Food and Agriculture Grant and matching support from General Mills Inc.  This instrument measures the total dietary fiber content of food materials after a sequential multi-enzyme treatment, rinsing,  precipitation using ethanol and filtration steps. FDDG has as much as 40% TDF on a dry weight basis.  Fiber constituents are beneficial in human nutrition and health.  This instrument is helpful in establishing TDF content of both DDG and DDG fortified foods developed in our labs.

Graduate student Tanvee Deshpande successfully defended her thesis involving food quality standards for Food Grade Distillers Grains in May, 2019.

Graduate student Kara Konst completed her MS research project involving FDDG enrichment of Instant Asian Noodles in May 2019.

One new area of fortification envisaged includes meat products where FDDG will serve as a fiber and protein ingredient as well as a texturizer.  


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

Table 1 below shows significant improvements in Instant Asian noodles fortified with 10% and 20% FDDG in relation to protein content, Fiber content (TDF%) as well as Total Phenolic Content (TPC%)


Table 1. Proximate composition of Asian noodles fortified with distillers grains and oat flour.
___________________________________________________________________________________
	Constituent
	Control
100W
	90W: 10OF
	80W: 20OF
	90W: 10D
	80W: 20D
	70W:10D:20OF
	70W:20D:10OF

	Fat (%)
	0.55e
	0.76d
	0.89c
	0.59e
	0.83c
	1.12b
	1.47a

	
	(±0.01)
	(±0.03)
	(±0.00)
	(± 0.03)
	(± 0.03)
	(± 0.05)
	(±0.01)

	Protein (%)
	12.72g
	13.2f
	14.09e
	15.04d
	17.46b
	16.18c
	17.94a

	
	(±0.05)
	(±0.05)
	(±0.07)
	(±0.00)
	(±0.02)
	(±0.03)
	(±0.01)

	Ash (%)
	0.95c
	0.88d
	0.86de
	0.98c
	1.04b
	1.09a
	0.82e

	
	(±0.02)
	(±0.02)
	(±0.01)
	(±0.01)
	(±0.03)
	(±0.03)
	(±0.01)

	Moisture (%)
	6.95c
	8.16c
	7.13c
	6.27d
	6.17d
	8.85a
	8.82a

	
	(±0.07)
	(±0.13)
	(±0.13)
	(±0.13)
	(±0.01)
	(±0.09)
	(±0.01)

	TDF (%)
	3.38g
	5.12f
	6.95d
	5.92e
	12.77b
	8.02c
	14.39a

	
	(±0.01)
	(±0.2)
	(±0.20)
	(±0.49)
	(±0.26)
	(±0.24)
	(±0.23)

	Available CHO (%)
	75.46a
	71.88b
	72.00
	71.20c
	61.72e
	64.73d
	56.56f

	
	(±0.09)
	(±0.04)
	(±0.15)
	(±0.56)
	(±0.25)
	(±0.29)
	(±0.25)

	Total Phenolic (μg/g)
	30.50d
	35.00d
	46.00c
	54.00c
	90.50a
	71.50b
	92.50a

	
	(±3.53)
	(±2.83)
	(±2.83)
	(±0.00)
	(±2.12)
	(±3.54)
	(±6.36)

	Calories (kcal/100g) 
	357.66
	347.20
	354.44
	350.23
	324.23
	333.76
	311.19

	Amt. ser. TA/50g Av CHO
	66.26
	69.56
	68.94
	70.22
	81.01
	77.24
	88.40
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Figure 2. Plot showing interrelation ship of pigments and protein content in DDGS. Protein content in DDGS was inversely proportional to b values (pigments responsible for yellowness in corn). 

The work of Graduate student Brady Bury relates processing techniques with the fate of bioactive constituents (Carotenoids, antioxidants, phenolic compounds, etc.).  This information will assist in optimizing extraction, minimize solvent use, and minimize deleterious effects from unintended removal from the corn fraction. Understanding of inherent relationships of useful moieties within the DDG or DDGS matrix may help us to tailor processing techniques.

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

Work on standardizing and automating extraction protocols using the ACE solvent extractor is progressing well.  Graduate student Brady Bury has made significant progress in his MS graduate research project.

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

There are no budget challenges.

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.)

Abstracts submitted to the American Association of Cereal Chemist International were accepted for scientifc presentation. Two of these dealt with standards and specification for a food grade DDG (FDDG) and the extraction of useful pigments and antioxidants form corn and corn fractions.

My research crew attended the DGTC Distillers Grains Technology Conference in Minneapolis in June 2019.

My research staff attended and presented three posters on corn utilization at the Institute of Food Technologists Conference in New Orleans, July, 2019. 

A manuscript on Chinese Steamed bread fortification with food grade DDG was submitted to the Journal of Food Science and Nutrition.  The paper is currently under peer review.

Several SDSU research scientists have begun collaboration with JB Meyers Industries, SD, on potential technologies for large-scale supercritical CO2 extraction of DDG for recovery of oils and other corn components.

A survey of the ethanol production industry is underway to determine the prospects and potential for value enhancement of corn in food, feed and pharmaceutical applications.
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Figure 3. Poster on Food grade standard for Distillers Dried Grains.
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Figure 4.  ACE apparatus for optimizing extraction and recover conditions for bioactive compounds from corn DDG.



	

Table 2. Color characteristics of raw materials and finished products 
(L= brightness, a=redness & b=yellowness)


	SAMPLE
	L*
	a*
	b*

	
Wet DDG (Unwashed)
	80.27
	5.17
	37.64

	
	77.97
	5.15
	36.55

	
Freeze Dried DDG (Unwashed)
	77.00
	4.65
	37.64

	
	79.97
	5.15
	36.55

	
Coarse DDG - Freeze Dried (Washed)
	86.81
	2.49
	29.17

	
	86.44
	2.58
	29.28

	0.2mm Sieve DDG (Washed)
	93.08
	1.64
	28.65

	
	94.05
	1.38
	28.59

	0.5 mm Sieve DDG (Washed)
	90.84
	1.55
	28.59

	
	93.67
	1.89
	29.82

	Super Critical Extracted DDG – Coarse (Un-milled)
	81.69 
	5.29
	29.10

	
	82.11
	5.42
	29.57

	Super Critical Extracted DDGS (Un-milled)
	60.17
	9.81
	29.91

	
	62.90
	9.88
	31.71

	Super Critical Extracted DDG (Milled – 0.5mm sieve)
	90.12
	4.67
	32.02

	
	88.53
	4.47
	31.42

	Super Critical Extracted DDGS (Milled – 0.5mm sieve
	77.80
	6.56
	35.59

	
	77.99
	6.25
	35.07




	
Table 3. Proximate composition of raw material and commercial Supercritical Extracted DDG showing modest fat reduction and protein content increase.


	Sample
	Crude Protein
	Moisture
W/W%
	Crude Fat
W/W%
	Ash
W/W%
	NDF
W/W%
	TDF
W/W%

	DDG
	37.49
	5.69
	3.38
	5.04
	30.67
	40.02

	
	37.59
	5.71
	3.27
	5.05
	30.03
	39.86

	DDGS
	34.26
	8.65
	8.15
	4.78
	32.08
	42.33

	
	34.36
	8.66
	8.23
	4.76
	32.39
	42.56
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Figure 5. Automated Total Dietary Fiber Analysis system for fiber measurement in cereal-based products. 
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INTRODUCTION

Distillers Grains (DG) are co-products obtained from ethanol
production using corn as the principle substrate. Generally used
as livestock feed, DG can be use in the food industry, and its
composition of 38% protein and 40% dietary fiber makes it
attractive for such use. Transitioning from industrial grade DG to
food grade DDG (FDDG) requires stringent control over its quality
characteristics and nutritional composition.

RESEARCH QUESTION

Desired
FDDG (o
product

Sofey

RESEARCH HYPOTHESIS

* A processing technique for FODG will yield an ingredient that is
wholesome for food applications.

« Selective solvent treatments will yield enhanced nutrient
composition and food functionality traits for FDDG.

« FDDG optimized for particle size matching all-purpose flour will
yield acceptable mixing and dough properties.

RESEARCH OBJECTIVES

* To determine the effects of treatment with defatting solvents
namely: 1) Ethanol, 2) Hexane + Ethanol, 3) Ethyl Acetate +
Ethanol on unprocessed DG and their corresponding solvent-
treated dried products.

+ To characterize the physical and chemical composition of
unprocessed DG and their corresponding solvent-treated dried
products.

* To determine efficacy of FDDG processing techniques on removal
of aflatoxins and fumonisins in controlled spiking studies using
rapid detection methods (Envirologix Quickscan system) and LC-
MS technique.

Developing Food Quality Standards for Distiller’s
Dried Grains - Evaluating Composition, Quality and

Safety
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RESULTS & DISCUSSIONS

*Table 1.Physical and chemical properties of raw materials

Factors % %Crude [%Crude o e gagh | L |2 b awe| ol

Moisture _protein | fat phenolics:
Mean values

Ethanol plant fractions

DG* without solubles | 2652 | 3552 | 101a | 505a | 1.8a |67.9a4.1a|31.1a 052 | 210.8a

DG with solubles 2742 3472 952  39.1b  48b 57.6b 6.5b 27.3b 0.6a 333.5b

Initial moisture type

Wet form 512a | 3522 | 10.8a | 4522 | 452 |63.4a|50a|30.1a/09a] 325.0a

Freeze-dried form 27b  350a | 87b  443a 332 621a 56a 283b 02b 219.4b

Year

2017 2832 | 341a | 93a | 436a | 35a 63.3a46a] 292 06a| 275.2a

2018 2562 36la | 103b 459  3db 622a 6.0b| 2922 05a 269.2b

LsD* 71 38 07 61 | 03 16 10 08 01 209

mSES 418 118 | 04 96 01 23 08 06 01 3618

*Table 2. Physical and chemical properties of finished products

Factors % |WCrude %Crude g rpesash L s b Awe @

Moisture | protein | fat phenolics®
Mean values

Solvent treatment

Ethanol 88a | 379a | 20a | 401a | 34a | 79.8a | 1.6a |24.0a 052 1425a

Hexane + Ethanol 852 | 3792  12b | 404a 342 804a 15a 239a 05a 167.3b

Ethylacetate + Ethanol 842 | 3792  14b | 404a  33a 8l3a 152 236a 0.5a 148.5ab

LsD 09 06 02 | 24 | 02 21 04 06 01 220

Ethanol plant fractions

DG* with solubles 87a | 386a | 13a | 44.5a | 19a | 81.7a | 0.9a 238a 0.5a| 1205a

DG without solubles 84a | 37.2b  17b  362b 49b 793b 2.2b 238a 05a 185.0b

Initial moisture type

Wet form 872 | 385a | 152 | 43.1a | 3.2a | 817a1.0a 2092 05a| 63.4a

Freeze-dried form 832 | 37.3b 162 | 375b 35b 793b 2.1b 26.7b 05a 242.2b

Year

2017 99a | 372a | 17a | 389a | 34a | 79.3a |13a 2352052 15522

2018 7.2b | 386b  13b  418b  33a 8L7b 18b 24.2b 03b 150.4a

Replication of treatments

1 852 | 371a | 152 | NA7 [340a| 799 | 16a 237205 1524a

2 86a | 377a 152 | NA 3342 8L0a 15a 2392 052 1532a

Lsp* 08 05 02 19 0191 17 04 05 01 179

msEs 17 06 01 52 0107 84 03 08 00 9482

Logond: For Tabes 1,2, 3and 4
5:5TotalDitary Fibe, 2 Water acihty, 3:Tofa Phenolic Content measured in mg Galli ackd equialence/100 g of sample 4: istiler’sgrains, : Least Sgnficant
Difference, 6: Mean Square Error7:Not ApplicableUnited Sates Food & Drug Adrinistation 9: it of Detecton 10: Wet Distler's grains wthou solubes 11
e died Distiler’ rans wihoutsolubles

“Means Wit the same eter wilin columas are ot sgnificanty diferent fom each ather (7 <0.05)

Table 3. Detection of mycotoxin levels by LC-MS technique

Manual processing Fumonisin spiking study

FDA®

Mycotoxin Lopg | Ethanol Raw | Spiked | Ethanol
s |00 hedwD | FiDGH | FrDG | washed 06
Aflatoxin BL | 20ppb | 13 <13 <13 <13 | <13 <13
Aflatoxin B2 20ppb | 12 <12 <12 <12 <12 <12
Aflatoxin G1 20ppb | 11 <11 <11 <11 <11 <11
Aflatoxin G2 20ppb | 16 <16 <16 <16 <16 <16
FumonisinBl  2ppm 0.1 03 01 16 27 15
FumonisinB2  2ppm 0.1  <0.1 <0.1 03 11 0.2
FumonisinB3  2ppm | 0.1 | <0.1 <01 <01 <01 <01
Table 4. Particle size distribution for finished products & All-purpose flour
Sieve description Particle size distribution
Meshsize |Sieve| Ethanol 'Hexane+ethanol| Ethylacetate+ | Al
no. | washed ' washed products | ethanol washed | purpose
products products flour
Initial sample 100.0 100.0 100.0 100.0
>400um 0 71 7.4 69 01
400pum-250um 60 26.1 269 256 0.2
250um-180um | 80 206 187 17.7 69
180um-150um 100 21.8 27 202 718
150pm-75um 200 16.1 15.5 183 10.0
<75um Pan 73 79 103 9.2

CONCLUSIONS

* Research attempted to minimize the quality variability in DG for use as a food
ingredient.

+ Solvent extraction stepis critical to achieve desirable food functionality traits.

* Ethanol is preferred over other food grade solvents, s it is a product of the corn
industry.

+ “An ideal FDDG product will have high ‘U value (brightness) of 85, low ‘2’ value
(redness) of -0.11, ‘b’ value (yellowness) of 18, crude protein in excess of 38%,
crude fat <2%, total dietary fiber in excess of 42% and ash content <1.5%, Aw
<0.4, total phenolics of less than 100mg GAE/100gm of sample and negligible
amounts of fungal toxins

+ Approximately 70% of FODG particles will range from 150-400um.

+ For compatibility with all-purpose flour, 70% FDDG particle size will need to be
reduced to 180um.

+ For LC-MS technique, no constituents exceeded the limit of detection in the
samples tested.
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