


Most economical to reduce microbial populations

Also inactivates certain enzymes but …

induces chemical reactions

Acid catalyzed reactions – unsaturated terpenes

Maillard reaction – complex mixture of products

Thermal decompositions/reactions

produce sulfur volatiles





Formation of sulfur volatiles – degrades flavor

dimenthyl sulfide

methanethiol

hydrogen sulfide

Non sulfur volatiles formed

4-vinyl guaiacol (ferulic acid)

alpha-terpineol (limonene)

Furaneol (sugars + ascorbic acid)



0

1

2

3

4

5

G
ra

p
e
fr

u
it
- o

P
a
s
s
io

n
 F

ru
it
- o

M
o

ld
y
- o

C
o
o
k
e
d

- o

M
e

d
ic

in
e

- o

G
ra

p
e
fr

u
it
-r

P
a
s
s
io

n
 F

ru
it
 -

M
o
ld

y
-r

C
o

o
k
e

d
-r

M
e

d
ic

in
e

-r

S
w

e
e
t

A
c
id

B
it
te

r

Canned OJ vs Fresh Squeezed OJ

0

1

2

3

4

5

G
ra

p
e
fr

u
it
-o

P
a
s
s
io

n
 F

ru
it
-o

M
o

ld
y
-o

C
o
o
k
e
d

-o

M
e

d
ic

in
e

-o

G
ra

p
e
fr

u
it
-r

P
a
s
s
io

n
 F

ru
it
 -

r

M
o
ld

y
-r

C
o
o
k
e
d

-r

M
e
d
ic

in
e

-r

S
w

e
e
t

A
c
id

B
it
te

r

G
ra

p
e
fr

u
it
-o

P
a
s
s
io

n
 F

ru
it
-o

M
o

ld
y
-o

C
o
o
k
e
d

-o

M
e

d
ic

in
e

-o

G
ra

p
e
fr

u
it
-r

P
a
s
s
io

n
 F

ru
it
 -

M
o
ld

y
-r

C
o
o
k
e
d

-r

M
e
d
ic

in
e

-r

S
w

e
e
t

A
c
id

B
it
te

r

Canned OJ (blue) Fresh Squeezed OJ (red)

No Naringin!!
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Widely distributed in Foods

Are found in many chemical forms

Typically found at trace concentrations

Have extremely potent aromas

Are difficult (BUT IMPORTANT) to measure

GC-olfactometry

Sulfur specific GC detectors - PFPD



Sulfur in Cooked Foods



Sulfur in Fruits
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Sulfur Off-Flavor Structures



Sulfur Off-Flavors



Relative Aroma Strength

Rough rule – many exceptions



Compound Odor 

Description

Odor Threshold (µg/L)

Hydrogen sulfide Rotten egg, sulfurous 10

Methional Cooked potato 1.8

2-Acetylthiazole popcorn 1

Methanethiol Sulfurous 0.2

Dimethyl disulfide cabbage 0.16

2-Acetylthiophene sulfury 0.08

2-Furfurylthiol Roasted, coffee like 0.005

2-Methyl-3-furanthiol Boiled meat 0.005

Bis(2-methyl-3-furyl)-disulfide beef like 0.00002

Sulfur Aroma Thresholds



How to measure at trace levels?



Atomic Emission

Sulfur Chemilluninesence

Flame Photometric detection

Pulsed Flame Photometric Detection, PFPD

Selected Ion Monitoring, SIM
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Mechanism for 1-PMT formation

SH

H S H

+-limonene

citrus

1-p-menthen-8-thiol

Grapefruit – character impact

+
H+





Thiam ine (vitam in B1)

N H2N

N N

S

O H

+

bis (2-m ethyl-3-furyl)-disulfide
O

S S

O

threshold =  2 parts in  10
14

parts w ater

Thiamine Decomposition

Dreher, J. G.; Rouseff, R. L.; Naim, M., GC-Olfactometric Thermal Degradation of Thiamin in 
Model Orange Juice. Journal of Agricultural and Food Chemistry 2003, 51, 3097-3102.
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Tasteless-odorless Cooked potato
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Non-pathogenic bacteria

Associated with fruit juice off-flavors
flavor defect in apple and orange juices

Produces flat/sour type spoilage
storage temperature critical

no gas produced

Off-aroma
medicinal

antiseptic

disinfectant
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Perez-Cacho, P. R.; Danyluk, M. D.; Rouseff, R., GC-MS quantification and sensory thresholds of guaiacol in orange juice 
and its correlation with Alicyclobacillus spp. Food Chemistry 2011, 129, 45-50.

Gocmen, D.; Elston, A.; Williams, T.; Parish, M.; Rouseff, R. L., Identification of medicinal off-flavours generated by 
Alicyclobacillus species in orange juice using GC-olfactometry and GC-MS. Letters Applied Microbiology 2005, 40, 172-77
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Screen incoming juices for precursors

mandrins have highest MMS

orange and grapefruit lower MMS

Sakamoto, K.; Inoue, A.; Nakatani, M.; Kozuka, H.; Ohta, H.; Osajima, Y., S-

methylmethionine sulfonium in fruits of citrus hybrids. Bioscience Biotechnology and 

Biochemistry 1996, 60, 1486-1487.

Direct “at risk” juices to ref. storage

Pass juice through cation exchange resin
Manabe, T., Dimethyl sulfide as a factor of off-flavor in heat-induced Satsuma 

mandarin orange (Citrus unshiu) juice and its precursor. Hiroshima Nogyo Tanki

Daigaku Kenkyu Hokoku 1979, 6, 145-52.



rrouseff@ufl.edu


