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The Happening: 

ñAn apocalyptic threat to 

humanity arrives out of the clear 

blue sky with a series of violent, 

inexplicable deaths spreading 

across the country. The cause of 

the terrifying phenomenon 

remains unknown, prompting 

science éò

Un-explained Phenomenon

Is the movie implying a stress 

of biological/ecological force 

is to blame?



C = carbohydrate/polysaccharide

P = protein/peptide

The Tree Gum Phenomenon:
-A self defending substance to wounds - bearing resemblance to PYF 

factors in chemical composition

- Illustrative molecular make up 

of Gum Arabic- with unique 

hydrophobic properties 

Anderson & 

Yin 1988



Proposed mechanisms - PYF
- Evan Evans and Mandeep Kaur 2009. (After van Nierop et al 2004)

PYF by A. HMWP causing primary PYF only; and B. Primary and secondary PYF caused by 

HMWP in association with AP. 

Premature Yeast Flocculation (PYF) factors 

generated from barley husk by fungi. A: Normal 

infestation by fungi; B: fungal enzymatic 

degradation of the husk with PYF causing fungi; 

& C: Heavy fungal infestation and production 

of more AP by barley. 

HMWP = high molecular weight polysaccharides

AP = antimicrobial peptides 



Factors associated with PYF 
- Vidgren & Londesborough, 2011 JIB

Chemical nature of PYF factor MW Reference

Gum-based polysaccharide: arabinose (27%), xylose (17%), mannose (17%), 

galactose (16%), rhamnose (14%), and glucose (12%), acidic sugar

100 kDa Herrera & 

Axcell, 1991

Arabinoxylan products of husk degradation by endoxylanase and A. niger High MW van Nierop et 

al 2004

Polysaccharide complex: arabinose (31%), xylose (21%), galactose (12%), 

glucose (9%), rhamnose (9%), and mannose (3%)

~40 kDa Koizumi et al  

2004

High MW polysaccharide with ferulic acid Ó100 kDa Lake & 

Speers 2008

Fractions ðpolysaccharide: arabinose, galactose, xylose, rhamnose, 

galacturonic acid, mannose, glucose & glucuronic acid

<40 kDa Koizumi 2008

Enzymatic digestion products of above fractions >5,000 Da Koizumi 2008

(adapted from Lake and Speers 2008, and Kaur 2010)



*Pronase is a commercially available mixture of proteases isolated from the extracellular fluid of 

Streptomyces griseus. Activity extends to both denatured and native proteins leading to complete or nearly 

complete digestion into individual amino acids. ----- https://en.wikipedia.org/wiki/Pronase

The Complex Nature of PYF Factor 
- the protein moiety 

u Identification of the chemical compositions indicated that the PYF factor is a 

glycol -protein with 4% nitrogen content (Kirin 1975, 1976) 

u Others reported it was a lectin -like molecules with some 30% protein in it 

(SAB 1989, 1991)

u Pronase* inactivated PYF factor but pepsin or trypsin did not => PYF Factor 

has protein nature (Kirin 1975)
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PYF testing: The conventional 8 -day method 
- Nakamura et. al.  EBC1997

- Thresholds for plato difference and cell count ratio (measured by OD) against 

those of the standards on 8 th day are referred to for PYF determination



PYF Method Optimization at Rahr

-Brown, Aron, Yin & Kramer, 2017 
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-8 day Method (Rahr)

-EBC tubes (600 ml)

-Jibiki (Asahi ,2006) Method ~3 days

-50 mL graduated cylinder

Practical Values 

shorter time, smaller 

sample, and less risks in 

results



Optimization of Experimental Procedure
-Brown, Aron, Yin & Kramer, 2017 



Fermentation - Method Comparison

-Brown, Aron, Yin & Kramer, 2017 

The PYF positive threshold is 40% and the 

PYF negative threshold is 80%.
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2014 J.ASBC 

Fungal Infection of Barley and effect on PYF
- Cochliobolus sativus, or Fusarium graminearumn have been 

reported to associate with PYF behaviors



Cheung, Turkington, Lowe, 

Izydorczyk, Gräfenhan & Chen, 

2017:

Candida spp. were found in 

abundance in PYF +ve malts. 

Previous studies suggested that 

fungal contamination and the 

activities of their extracellular 

enzymes may be related to 

PYF. In contrast, Lactobacillus

and Arthrobacter spp. showed 

inhibitory effects on PYF.

Microbial Taxa Potentially Associated with PYF



On 7/64 On 6/64 On 5/64 Thru 5/64 MOIS %EXT COLOR DP ALPHA %TOTAL %SOL %S/T BG FAN VISC Friab Unmod LOX Modific Homogen AAL OD Ratio

On 7/64 1.00

On 6/64 -0.97 1.00

On 5/64 -0.88 0.74 1.00

Thru 5/64 -0.66 0.47 0.86 1.00

MOIS 0.40 -0.39 -0.35 -0.27 1.00

%EXT DB 0.34 -0.28 -0.40 -0.34 -0.15 1.00

COLOR -0.03 0.08 -0.07 -0.15 0.16 0.19 1.00

NTU 0.10 -0.01 -0.26 -0.28 0.38 0.23 0.73

DP -0.44 0.43 0.38 0.28 -0.19 -0.50 -0.43 1.00

ALPHA 0.00 -0.03 0.07 0.03 -0.12 0.08 -0.31 0.38 1.00

%TOTAL -0.30 0.22 0.38 0.40 -0.03 -0.62 -0.39 0.51 0.23 1.00

%SOL -0.43 0.33 0.55 0.42 -0.33 -0.43 -0.29 0.64 0.60 0.65 1.00

%S/T -0.30 0.25 0.37 0.18 -0.41 0.01 -0.03 0.38 0.60 -0.05 0.73 1.00

BG -0.58 0.59 0.47 0.39 -0.23 -0.33 0.19 0.00 -0.46 0.12 -0.11 -0.26 1.00

FAN -0.37 0.26 0.52 0.42 -0.40 -0.31 -0.39 0.60 0.61 0.52 0.93 0.74 -0.20 1.00

VISC 20 -0.47 0.51 0.29 0.21 -0.30 0.13 0.33 -0.23 -0.53 -0.36 -0.38 -0.16 0.76 -0.38 1.00

Friab 0.44 -0.41 -0.43 -0.37 -0.26 0.64 0.03 -0.26 0.04 -0.65 -0.35 0.13 -0.52 -0.14 -0.12 1.00

Unmod 0.05 -0.04 -0.08 -0.03 0.53 -0.43 -0.01 0.13 0.02 0.50 0.14 -0.26 -0.05 0.00 -0.30 -0.64 1.00

LOX 0.03 -0.01 -0.07 0.07 0.15 -0.19 -0.05 0.30 -0.10 -0.21 -0.13 0.01 -0.10 -0.08 0.04 0.15 0.03 1.00

Modific 0.47 -0.46 -0.40 -0.22 0.16 0.27 -0.10 0.07 0.42 -0.02 0.09 0.13 -0.70 0.14 -0.47 0.25 0.20 0.16 1.00

Homogen 0.41 -0.41 -0.35 -0.17 0.10 0.22 -0.23 0.12 0.54 0.05 0.15 0.16 -0.68 0.17 -0.50 0.19 0.21 0.17 0.94 1.00

Score -0.09 0.05 0.15 0.07 0.14 0.01 0.06 -0.05 -0.09 0.11 0.13 0.06 0.14 0.14 0.10 -0.33 0.24 -0.14 0.08 -0.04

AAL 0.07 -0.06 -0.05 -0.12 -0.03 0.04 -0.27 0.51 0.55 -0.02 0.29 0.40 -0.50 0.32 -0.45 0.23 -0.02 0.27 0.32 0.32 1.00

OD Ratio -0.12 0.08 0.19 0.20 -0.42 0.08 -0.25 -0.05 0.06 0.05 0.04 0.02 -0.10 0.16 -0.12 0.40 -0.38 -0.20 -0.14 -0.05 -0.02 1.00

Plato Diff 0.15 -0.18 -0.05 -0.04 -0.11 0.12 -0.01 -0.28 -0.11 -0.04 0.03 0.06 0.08 0.06 0.19 -0.12 0.05 -0.15 0.10 0.01 -0.18 -0.49

How does regular malt analysis reflect PYF Potential 
- Case study: Simple linear correlations with cell count ratio (OD Ratio) 

*Malt samples (72) were collected from different origins of world

DP, Alpha, FAN did not 

exhibit correlation



y = -3.1935x + 2.8213
R² = 0.242

-2.50

-2.00

-1.50

-1.00

-0.50

0.00

0.50

1.00

1.50

0.6000

P
la

to
 D

if
fe

re
n
c
e

OD Ratio

OD Ratio vs Plato Difference

y = 0.0041x + 0.6275
R² = 0.1576

0.6000

0.7000

0.8000

0.9000

1.0000

1.1000

1.2000

50.0 60.0 70.0 80.0 90.0 100.0

O
D

 R
a

ti
o

Friability

OD Ratio vs Friability

0

500

1000

1500

2000

2500

3000

3500

4000

Avg30 Avg25 Avg20 Avg15 Avg10 Avg00
R

e
la

ti
v

e
 v

a
u

le

Samples groups according to Pdff average value

RDF( Pdiff) vs. malt quality parameters

DP

ALPHA

TP

SP

FAN

Zinc

Ser

Lys

Dextrins

AAL

ODR

Pdiff

Other Malt Traits and Effect on Fermentation 
While regular malt analyses have weak correlations with PYF, Zn 

content appears to be correlated to plato reduction 



OD Ratio Flexi Overview
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What about Malting Conditions on PYF Potential  
- A case study on optimization of steeping conditions

Targets: O2 in steep 5ppm min. & CO2 in extraction ducting <1%



New aeration nozzles in 
steep tanks

Before increased aeration

After increased aeration

OD Ratio 

Trending

Aeration ða Key Operational Parameter
- Function of aeration system and CO2 extraction important


