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Agenda

Measurement of under- and over-processed Soybean products

 New fast method to determine heat damage based on NIR

 Effect of heat damage on amino acid digestibility

 Determination of digestibility in relation to heat damage via 

AMINORED®

 Heat damage affect value of the raw material

 Conclusions
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Traditional Methods to Monitor 

SBM Quality

 Urease assay (UA) – pH method

 KOH protein solubility test

 Protein dispersibility index (PDI)

 Trypsin Inhibitor Assay (TIA)
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Bird performance still varies although 

quality of SBM are within specs

Beans A B C D

Crush A B C D

CP, % 46.8 46 48.7 46.7

Fibre, % 3.5 5.5 3.6 3.4

ether ext. % 1.4 0.9 2.2 1.8

ash, % 7.1 11.6 7.1 7.7

AME, kcal/kg 2431 2215 2542 2459

KOH-PS, % 86 86 80 76

TI, mg/g 2.9 2.9 3.1 1.6

Urease, ΔpH 0.02 0.02 0.02 0.01

Animal performance (10-day bioassay feeding study)

Gain, g 236a 226abc 218bc 216bc

FCR 1.9ab 1.97cd 1.95bc 1.98cd

Swick (2008), sbmQC conference
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Autoclaving 

time (minutes)

Content, %

Lysine Cystine Methionine Threonine

0 3.27 0.70 0.71 1.89

20 2.95 0.66 0.71 1.92

40 2.76 0.63 0.70 1.87

(Adapted from Parsons et al., 1992)

Some amino acids are sensitive to 

heat treatment
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Effects of heat treatment on amino 

acid levels in soybean products

 3 Soybean product samples were systematically heat damaged at 

DIL (Deutsches Institut für Lebensmitteltechnik) 

 Heat treatment in autoclave at 135 °C

 Samples were taken in 3 min intervals 

starting at 0 until 30 min resulting in 10 samples

 Sample analyses total amino acids
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Some amino acids are sensitive to 

heat treatment

Soybean meal, 46.8% CP
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Fullfat soybeans, 36.6% CP
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Total lysine decreases linearly with 

heat treatment

All soybean products together expressed as % of CP
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Heat Damage Indicator

AMINONIR® can measure heat damage in raw materials, based upon 

this an indicator was developed to allow the degree of damage to be 

measured, this is known as the:

Heat Damage Indicator (HDI)

 This allows the degree of damage to be expressed

 The higher the number the greater the damage (0 – 100)
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But what happens in the animal

 Does the degree of heat damage (HDI) affect amino acid 

availability and thereby animal performance?

 Standardized ileal digestibility (SID) is currently our best 

measurement to approximate the availability of amino 

acids in the animal.
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Amino acid digestibility has been 

shown to affect digestibility

Autoclaving 

time (minutes)

Content, %

Lysine Cystine Methionine Threonine

0 3.27 0.70 0.71 1.89

20 2.95 0.66 0.71 1.92

40 2.76 0.63 0.70 1.87

Digestibility, %

0 91 82 86 84

20 78 69 86 86

40 69 62 83 80

(Adapted from Parsons et al., 1992)
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Ileal digestibility of heat treated 

soybean meal and DDGS - broiler

 Soybean meal (47% CP) and DDGS were    

heat treated at DIL (Deutsches Institut für   

Lebensmitteltechnik) 

• 0, 20, 40 minutes at 135 °C

 A digestibility assay was conducted at    

University of Halle, Germany

• 504 one-day-old Ross 308 broilers 

• Experiment start day – 14 day of age

• Experimental feed for 5 days

• Digesta of last two thirds of the ileum 

were collected

• Inert marker: TiO2

Inclusion levels (g/kg)
0 100 200

Corn - 490 -

Soybean meal, solvent extracted - 90 -

Wheat gluten - 90 -

Soybean oil - 50 -

L-Lysine HCl - 9.5 -

DL-Methionine - 2.0 -

L-Cystine - 2.4 -

L-Threonine - 3.6 -

L-Tryptophan - 0.4 -

L-Arginine - 6.7 -

L-Isoleucine - 3.3 -

L-Leucine - 0.9 -

L-Valine - 5.5 -

L-Phenylalanine - 0.7 -

Premix - 10 -

Dicalcium phosphate - 20 -

Limestone - 7 -

NaCl - 3 -

Titanium dioxide - 5 -

Cornstarch 200 100 0

Soybean meal (Expt 1) 0 100 200

DDGS (Expt 2) 0 100 200
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Pure SBM Pure DDGS

Time of heat treatment 0 min 20 min 40 min 0 min 20 min 40 min

Nutrients in%:

Dry matter 89.30 91.70 93.30 90.90 91.60 90.20

Crude ash 6.70 6.90 7.10 3.30 3.30 3.50

Crude protein 46.70 47.70 48.80 25.40 25.70 25.90

Crude fat 1.90 1.60 1.90 12.00 11.80 12.00

Crude fiber 5.60 5.70 6.00 6.50 6.70 6.60

Lysine 2.92 2.63 2.43 0.79 0.50 0.46

Methionine 0.63 0.67 0.69 0.52 0.50 0.51

Cystine 0.71 0.60 0.54 0.53 0.48 0.48

Methionine+Cystine 1.34 1.26 1.22 1.05 0.99 0.99

Threonine 1.87 1.97 2.06 0.98 0.95 0.96

Tryptophan n.a. n.a. n.a. n.a. n.a. n.a.

Arginine 3.51 3.31 3.13 1.19 0.87 0.76

Isoleucine 2.18 2.29 2.34 0.92 0.90 0.91

Leucine 3.62 3.82 3.97 3.04 3.00 3.05

Valine 2.33 2.46 2.51 1.30 1.29 1.31

Histidine 1.28 1.32 1.36 0.78 0.73 0.72

Phenylalanine 2.47 2.59 2.69 1.23 1.21 1.23

Analyzed nutrient and amino acid 

content in SBM and DDGS 
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Ileal digestibility - broiler

Results - soybean meal 
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Ileal digestibility - broiler

Results - DDGS
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Ileal digestibility 

Results demonstrate

 Heat damage of feed ingredients leads to :

 a reduction in the total levels of certain heat 

sensitive amino acids, this is most pronounced for 

lysine, cystine and arginine

 a reduction in the standardized ileal digestibility 

coefficients of amino acids in broilers for all 

essential amino acids
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AMINORED®

Rapid Evaluation of Digestibility

 Combines the Heat Damage Indicator (HDI) 

with standardized ileal digestibility 

 A feed ingredient sample is scanned with 

AMINONIR® .

 AMINORED® calculates specific Standardized 

Ileal Digestible Amino Acid levels for the 

sample, using the Heat Damage Indicator as 

a measure of quality.
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AMINORED® validation 

 A trial was designed to measure the impact of correction 

for total amino acids and standardized ileal digestibility in 

feed formulation using AMINORED®.
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Experimental hypothesis

AMINORED® can identify soybean meal quality 

Correction of  the nutritional matrix of low quality soybean meal based on 
AMINORED® predictions allows recovery of performance to the same 
level achieved when using a good quality soybean meal.

Analyzing the heat damaged soybean meal for only total amino acid 
content and correcting the formulation would result in a performance level 
between the negative control and that of the AMINORED® treatment.

 4 treatments

 Good quality soybean meal

 Heat damaged soybean meal

 Heat damaged soybean meal analyzed for total amino acid content

 Heat damaged soybean meal analyzed by AMINORED®
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Soybean meal production

 Soybean meal was produced by 

CREOL, Pessac, France

 facility / pilot plant for oil extraction – medium scale

 full fat soybeans were purchased and 

 gently extracted (good quality)

 heat treated (poor quality)

Good quality soybean meal Heat damaged soybean meal

Residence time 50 minutes 120 minutes

Indirect steam pressure 1 bar 9 bars

Direct steam flow rate
Adjusted to reach 70 C in the 

exhaust of the vapors
Not defined

Target temperature of the 

bottom tray
> 100 C >115 C

Heat Damage Indicator 12 47
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Soybean meals

Standardized

Low quality High quality

Dry matter 88 88 

Crude protein 47.33 47.28 

Nitrogen 7.57 7.56

Heat Damage Indicator 47 12

SID AA (% as is)     

Lysine 2.14 2.56
Methionine 0.53 0.57
Cystine 0.49 0.55
Met + Cys 1.02 1.12
Threonine 1.43 1.56
Tryptophan 0.54 0.54
Arginine 2.98 3.19
Isoleucine 1.70 1.83
Leucine 2.86 3.13

Valine 1.80 1.91

Histidine 1.04 1.16
Phenylalanine 1.93 2.07A

m
in

o
R

E
D

®

(%)

16.4

7.0

10.9

8.9

8.3

0.0

6.6

7.1

8.6

5.8

10.3

6.8



Evonik Degussa – feed additives

Treatments

Treatment Good Quality 

SBM

Heat Damaged 

SBM

HD SBM + 

Analyzed AA

HD SBM + 

AMINORED®

Basis of 

formulation

AMINONIR 

analysis + SID 

coefficient 

published by 

Evonik

Replacement of the 

good quality SBM to 

reach the same CP 

Level

Analyzed total AA 

+ SID coefficient 

published by 

Evonik

Analyzed total AA 

+ SID coefficient 

according to 

AMINORED®



Evonik Degussa – feed additives

Diet Specifications

Nutrients Limits

Treatment All
Good Quality 

SBM

Heat Damaged 

SBM

HD SBM +

Analyzed AA

HD SBM + 

AMINORED®

Metabolizable Energy (MJ) >= 13.2 13.2 13.2 13.2 13.2

Crude protein (%) No limit No limit 20.1 20.28 20.35 20.47

Nitrogen from soya (%) = 2.29 2.29 2.29 2.29 2.29

Crude protein from soya (%) = 14.3 14.3 14.3 14.3 14.3

Ether Extract (%) <= 9 8.84 8.87 8.87 8.87

Total Lys 1.10 1.10 1.03 1.10 1.14

SID Lys >= 1.00 1.00 0.90 0.96 1.00

SID Met >= 0.47 0.47 0.46 0.47 0.49

SID Met+Cys >= 0.74 0.74 0.71 0.72 0.74

SID Thr >= 0.65 0.65 0.62 0.62 0.65

SID Trp >= 0.22 0.22 0.23 0.23 0.23

SID Arg >= 1.06 1.20 1.06 1.06 1.06

SID Ile >= 0.70 0.74 0.70 0.70 0.70

SID Leu >= 1.37 1.41 1.37 1.37 1.37

SID Val >= 0.76 0.80 0.76 0.76 0.80
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Experimental design

 1200 Ross 308 broilers (278 g at 10d of age)

 4 dietary treatment x 15 replicates x 20 birds

 Birds were kept in pens

 wooden shavings, bell drinker, feeder 

 Experimental diets

 pelleted

 fed from day 10 to 28

 feed intake, weight gain, feed conversion

 carcass weight, breast meat yield
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AMINORED® validation 

Daily Body Weight Gain

60
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Treatments

d
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BWG 78.9 66.9 75.4 78

< 0.05 c a b bc
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Heat 

Damaged 
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HD SBM + 

AMINORED®
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AMINORED® validation 

Feed Conversion Ratio 

1.45

1.50

1.55

1.60

1.65

Treatments

F
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FCR 1.51 1.61 1.53 1.50

<0.05 ab c b a
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Evonik Degussa – feed additives

Carcass weight
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Breast per carcass, %

17

18

19

20

21

BpC, % 20.3 18.2 19.5 20.2

p<0.05 c a b c
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AMINORED® validation

 The trial completely validates AMINORED®.

In conclusion:

 SBM quality can be quantified by AMINORED®. 

 It is possible to get good broiler performance with poor 

quality soybean meal as long as the level of digestible 

amino acids are adjusted according to quality of the raw 

materials. 
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Effect of heat damage on value of 

soybean meal samples

 Shadow price evaluation of different qualities

 Estimated effect on animal performance
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Example of broiler grower diet formulation using two 

qualities of SBM (HDI 12 & 47) 

– nutrient specifications used in Brill least cost formulation
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Δ 32 USD/MT

Example of broiler grower diet formulation using two 

qualities of SBM (HDI 12 & 47) 

– raw materials in Brill least cost formulation (Shadow price)
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– effect on feed price when SBM (HDI 47) is used at same 

price as SBM (HDI 12)
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9% less

– effect on nutrient specs when SBM (HDI 47) is used with 

same matrix as SBM (HDI 12)
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Accurate predictions are essential 

for good performance results

Ross 308 (day 7-35)
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Accurate predictions are essential 

for good performance results
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Gross Margin Calculation scenario:

10 mill broilers

35 days at slaughter

1 US$/kg Live weight 

Feed price 323 US$/MT

Total LW production (105 % CVB): 10 mill x 2.120 …. 21,200 MT 

Total LW production (96 % CVB): 10 mill x 2.030 …... 20,300 MT 

Revenue: 21,200 x 1000  ……………………………… 21,200,000 US$

Revenue: 20,300 x 1000  ……………………………… 20,300,000 US$

Reduced revenue ……… ……………………………..      900,000 US$

Impaired performance affect 

revenue substantially
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Gross Margin Calculation scenario:

10 mill broilers

35 days at slaughter

1 US$/kg Live weight 

Feed price 323 US$/MT

Total feed cost (105 % CVB): 21,200 x 1.43 x 323 …..   9,792,068 US$

Total feed cost (96 % CVB): 20,300 x 1.54 x 323 ……. 10,097,626 US$

Additional feed cost …… ……………………………….    305,558 US$

Gross Margin
105 % CVB: 21,200,000 – 9,792,068 ………………..11,407,932 US$

96 % CVB: 20,300,000 – 10,097,626 ………………..10,202,374 US$

Reduced Gross Margin  ……………………………    1,205,558 US$

… feed cost, and gross margin
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Conclusions

 Heat treatment affect total and digestible amino acid level 

in soybean meal and DDGS

 New fast tool to detect heat damage and predict 

digestible amino acid level was developed

 AMINORED® gives better understanding of the feed 

ingredient and thereby,

more accurate formulation

more consistent performance over time 
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Evonik Degussa 
Turning knowledge into your profit
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 This information and all further technical advice is based on our 

present knowledge and experience. However, it implies no liability or 

other legal responsibility on our part, including with regard to existing 

third party intellectual property rights, especially patent rights. In 

particular, no warranty, whether express or implied, or guarantee of 

product properties in the legal sense is intended or implied. We reserve 

the right to make any changes according to technological progress or 

further developments. The customer is not released from the obligation 

to conduct careful inspection and testing of incoming goods. 

Performance of the product described herein should be verified by 

testing, which should be carried out only by qualified experts in the 

sole responsibility of a customer. Reference to trade names used by 

other companies is neither a recommendation, nor does it imply that 

similar products could not be used.


