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INTRODUCTION

Spices and herbs are employed as raw materials in most

categories of the food industry including semi-processed

and processed meats, fish products, convenience foods and

bakery products.

Owing to their origin many of these materials are highly

contaminated with micro-organisms which include moulds,

yeasts and bacteria.

In general allspice, basil, caraway, celery seed, cumin,

black pepper and dehydrated onion powder are found to contain
6 8

the highest viable counts of the order 10 to 10 per gram.

Although these spices are employed as minor ingredients

(of the order 0.1 - 2%) in food products, they nevertheless

contribute a significant population of micro-organJS.TIS

which find an ideal culturing medium in many semi-processed

and even processed foods. And, as a result, they can cause

food spoilage. The food jndustry has been concerned for

many decades with finding methods to decontaminate spices.

CONVENTIONAL DECONTAMINATION METHODS

A number of decontamination methods have therefore been

applied in the past, and some are still employed, to spices

used in the food industry.



Heat - (Dry) and Steam Treatment

This very common food sterilization method has been widely
applied mainly because of its use in the last stage of
processing canned foods to which the spices have been added.
A disadvantage to heat is that volatiles are sometimes lost

or altered.

UV/ELECTRON BEAM/MICROWAVE IRRADIATION

UV Irradiation has been demonstrated as an effective
decontamination method for spices but its use is highly
limited because of the low penetration into an essentially

opaque material.

Similarly Electron beam irradiation is highly effective
but in this case too, only thin packages can be irradiated

thus limiting the potential of the method.

Microwave irradiation is more penetrating than UV or electrons
However 'since the moisture in spices and seasonings is
rather low (4.5 - 12%) and the effect of this method is based
on heat generation in the presence of moisture, microwave
irradiation has been shown ineffective and insufficient.

CHEMICAL TREATMENT

Chemical agents have been and are still widely used for
decontamination of spices. The more common gas employed

is ethylene oxide. This treatment has been found
effective for the disinfestation of spices as well as for

reduction of bacterial populations. However in recent
years questions have been raised about this gas. New
regulations controlling EtO in the U.S. were published in

1984. These regulations limit worker exposure to Ippm
or less in an 8 hr. day. This is difficult to achieve
in a bulk food product. In addition, while EtO is effective,



it is not always efficient. The following slides show what

happens to onion powder when it is EtO treated. Onion
powders are very dry, (4.5 - 5.5% moisture). EtO needs
a moisture content of 7 - 8% and therefore the powder cannot
be gassed in containers. It is dumped onto long thin

trays and put into chambers. The final 'block1 must then
be groundv

Ethylene dibromide has been used as a chemical fumigant.
The cancellation and phase-out of ethylene dibromide by the
U.S. Environment Protection Agency has led to a need for

alternative treatments.

GAMMA IRRADIATION

Sterilizing by ionizing radiation has a major advantage
in that it is a cold treatment. Irradiation dosage as
high as 50 kGy will only increase the temperature of

irradiated food by 12°C. Therefore there is little danger
of the loss of volatile components of the spice. The

t • * *

irradiation process has the advantage that it doesn't'require
the addition of any chemicals, liquid or gas to the spice.

When McCormick became interested in Gamma Irradiation they

looked for any changes in :
Microbiology.

Chemistry
Mutagenicity.

Sensory.

MICROBIOLOGY

The most common bacteria in spices are the anaerobic spore
formers, such as the Bacillus species, accompanied in some

instances by Clostridium or Salmonellae. The most common
moulds are the Penicillin species, Rhizopus and some of the

Aspergillus group.



A representative group of spices was analysed in the McCormick

laboratories for microbial contamination before and after

gamma irradiation.

TABLE I - presents an overview of results.

The results obtained for dehydrated onion powder are given

in detail in TABLE II.

The spices were irradiated at an average dose of 10 kGy

except for paprika and crushed red pepper which were

irradiated at an average dose of 6.5 kGy. It was found

that this dosage was sufficient to reduce the microbial

population of the capsicums to acceptable levels.

A recent study undertaken in Malaysia on black and white

pepper (TABLE III) yielded similar results using a dosage

of 9 kGy for black pepper and 6 kGy for white pepper. White

pepper having a lower microbial loading than the black pepper,

therefore-requires less dosage.

In a commercial scale-up last year, McCormick processed

40,000 Ibs. of various onion powders in 80 x 50 Ib. boxes

at the U.S. permitted dose of 10 kGy max. (Average dose 7 kGy)

The onion was very high in bacteria with an average SPC

of about 7 million. The average percentage reduction of
• '

micro-organisms was approximately 98%.

CHEMISTRY

Dry products such as spices are less affected chemically by

dry irradiation than high moisture foods such as beef and

whole fruits. In spices which are dehydrated or contain

little water, direct action of irradiation by dissipation

of energy within the molecules of the food constituents



takes place. However, the major constituents are protected.

Generally, impractically high radiation doses would be

required to form significant levels of radiolytic products

in irradiated dry solids or powders. We tested the effects

of irradiation on onion powders irradiated up to 270kGy and
it

found that onion powders proved very resistant to chemical

change.

Extensive chemical analysis of dehydrated onion powders,

(TABLE IV) revealed very few chemical changes in that spice

when irradiated at an average dose of lOkGy constituents

investigated were volatiles, amino acids, sugars, starch,

carbohydrates, proteins and fats.

Chemical analyses on other spices and herbs was undertaken

(TABLE V). Percent moisture and volatile oils were determined

for each spice. In addition non-volatile essential oil

and UV piperine were run for black pepper.

Similar observations were made in a recent Malaysian study

where gamma irradiation with a dose up to 9 kGy did- not have

a significant effect on the moisture content of black or

white pepper (TABLE VI).

Most spices are needed for flavouring foods - however the

acceptability of paprika depends largely on its colouring

properties. Extensive studies have been carried out to

monitor the effect of irradiation on the colouring pigment

capsanthin, in paprika. In Shelf Life studies, the paprika

samples have shown no difference at 6 months storage and

storage temperatures of 40°, 75° and 90° F. (Hunter Colour

and Sensory Evaluation).

SENSORY EVALUATION

Spices are used to provide flavour to foods both industrially

and in the home. The amount of spice used in a product



depends entirely on the flavour and strength desired by

the consumer.

Generally speaking spices form very small amounts of the

total human diet - less than 0.2%. It is of prime importance

that the flavour of spices is not adversely affected by any

treatment undertaken.

McCormick has done extensive sensory evaluation analysis

for its entire line of spice products. The following

standard procedures were used to test for differences in

sensory characteristics between irradiated spices and

controls.

1. Bench top evaluations.

Samples were visually examined by trained staff to note

any difference in appearance - colour, particle size,

composition etc., before and after preparation.

2. Sensory Panel

(a) Triangle Tests.

Most samples were tested using balanced triangle test

designs to compare the flavour of controls to the

'irradiated test sample.

(b) Paired Comparison.

For black pepper only a paired comparison test design

was used to minimise sentory fatigue and carry over.

(c) Red Pepper.

The red pepper samples were evaluated for heat content

using a method developed by McCormick. The method

involves an aqueous extraction of the pepper in hot



water with polysorbate - 80, dilution, and tasting in

comparison to a standard reference solution of

vanillyl nonamide.

Analysis of Results

Results 'of all sensory tests were analysed statistically.

Few differences were found in any of the spices tested:

Onion Powder; Paprika; Other Spices.

As a further check of the sensory properties of irradiated

spices, all samples were evaluated in 3 types of food

application, hot; hot/cold treated; refrigerated (24 hours)

and cold. In the applications tested, no major differences

were found.

WHOLESOMENESS

The term 'Wholesomeness' which is applied to irradiated foods

has acquired the meaning of nutritional quality, toxicologies

safety and microbiological safety. Considerable Who'lesomeness

studies have been undertaken on irradiated spices.

These studies are often divided into mutagenicity testing

and feeding studies.

Mutagenic'ity tests were conducted by McCormick on dehydrated

onion powders. They include :

1. The Ames Test.

2- In vivo Sister Chromatid Exchange.

3. Drosophila malanogaster.

No adverse effects were found in any of the tests.

Animal feeding tests conducted with pungent materials such

as many of the important spices and herbs are extremely

difficult and in some cases impractical, particularly at



the high levels of solids intake required. In a number of

cases, in both short and long term feeding studies,

investigators found various toxic effects due to components

in the spices rather than due to irradiation.

The feeding studies on all irradiated spices indicated no

adverse effects from irradiated material.

PEST INFESTATION CONTROL

The effects of gamma irradiation on pest infestation control

has been part of 2 research studies in the Asian Regional

Co-operative Project on Food Irradiation.

Both studies concluded that irradiation in combination with

good packaging materials helped arrest insect development.

Polypropylene bags, particularly the ones without inner liners

were unable to withstand reinfestation during shipment.

Polyethylene bags of 0.17mm thickness were successful in

maintaining low levels of infestation brought by gamma

radiation. The extra thickness of the packaging afforded

extra durability required for safe handling during

transportat ion.

Tin containers were able to withstand rough handling and

prevent reinfestation. Oxygen absorbers were experimented

with in spice packages but had no effect on microbial

load, chemical or orgaoleptic qualities of spices.

CONCLUSION

Studies and commercial activities in recent years in several

countries have demonstrated that irradiation of spices

and condiments is technologically and economically feasible.



This process has been shown to be safe and wholesome with no

effect on product quality or flavour.

When irradiation is approved world wide the process will

find entry for a limited number of products, including spices.

It will be a valuable process for those products difficult

to clean by other means and it will help provide a safe

wholesome food supply for the world's population.
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TABLE I

MICROBIOLOGICAL DATA : IRRADIATED SPICES

Spice

Allspice

Greek Oregano

Black Pepper

Garlic Powder

Egyptian Basil

Thyme

Mexican Oregano

Domestic Paprika

Spanish Paprika

Celery Seed

Crushed red

pepper

(kGy)

0

10

0

10

0

10

0

10

0

10

0

10

0
10

0

10

0

10

0

10

0

6.

Standard
plate
count

2,278,000

<10

1,214,400

<ao
32.000,000

60

414,000

700

3,000,000

1,000

150,000

40

1,500,000

30

1,000,000

100

2,200,000

260

440,000

<10

130,800

5 ^10

Yeast

^10

-CIO

40,000

<10

0

0

^10

^10

>30,000

-CLO

0

0

>30,000

^:io
0

0

0

0

1,500

-<10

<10

-£10

Mould

0

0

9,000

<10

0

0

7,800

<10

400

<10

300

<10

10,000

<io
0

0

0

0

200

<10

0

0

MPN
coliforms

0

0

2,636

0

25

0

0

0

>11,000

0

30

0

5,000

10

0

0

410

0

25,000

0

0

0



TABLE II

MICROBIOLOGICAL DATE : IRRADIATED ONION POWDER

Standard microbiological

analysis Control Irradiated*

Standard plate count
Mould

Escherichia coli
Faecal coliforms
Total Coliforms

Confined Coliforms

Yeast
Thermophiles

Aerobic spores

Aerobic flat sours

Anaerobic spores

Anaerobic flat sours
Mesophiles
Aerobic spores

Aerobic flat sours
Anaerobic spores

Anaerobic flat sours

480,000

201

1.1

30

1,157

964

ND

6.6

0.2

0.3

10.8

33

25

15

81

2450

NDIf

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

0.3

ND

1.0

* Samples irradiated at average dose 1 Mrad (10 kGy)

11 Not detected.



TABLE III

MICROBIOLOGICAL DATE : IRRADIATED BLACK & WHITE PEPPERS*

Std. Plate Total Yeast
Spice Count and Mould Count

Balck Pepper

0 kGy 15.700,000 21,900

9 kGy 2,900 LT 100K

White Pepper

0 kGy 22,700 21,000

4 kGy LT 100 LT lOOlf

1f Samples irradiated at 2 kGy
* Mohd .Khan Ayob, Ismail Bin Bahari



TABLE IV

CHEMICAL ANALYSIS : IRRADIATED ONION POWDER*

Constituent

Protein
Moisture
Fat
Ash
Crude Fibre

Carbohydrate
Calories
Starch
Total Sugars (sucrose)
Total Sugars (dextrose)

. * *

Control
(%)

10.80

5.50

1.00

3.72

4.85

74.13

•348.83

3.31

63.27

66.57

Irradiated
($*)

10.80

5.62

1.15

3.72

4.87

73.87

349.17

2.96

63.70

67.07

*Samples irradiated average dose 1,000 Krad (10 kGy)



TABLE V

CHEMICAL &NM.VSIS ; IRRADIATED SPICES

So ice Control Irradiated

Egyptian basil
VODS*
Moisture

Spanish Thyme
VOSD
Moisture

Domestic Paprika
Moisture
ASTA Colour Valuefl
NVEE§

Mexican oregano
VOSD
Moisture

Black Pepper
VOSD
NVMc£0
Moisture
UV Piperine

Spanish Paprika
Moisture
ASTA Colour Value
NVEE

Greek Oregano
VOSD
Moisture

Celery Seed
VOSD
Moisture

Allspice
VOSD
Moisture

Crushed Red Pepper
Moisture
Water activitiy (aw)

1.14
7.81

1.28
8.83

11.03
117.00
8.52

5.49
6.19

1.15
9.16
8.63
6.57

9.50
116.00
11.95

2.02
8.26

2.58
5.00

3.38
8.32

8.82
0.65

1.13
8.01

1.29
9.10

11.03
115.00
8.36

5.46
6.40

1.16
9.18
'8.71
6.56

9.43
115.00
12.07

2.00
8.50

2.50
5.00

3.26
8.94

8.92
0.57

* Volatile oil steam distilled-
f American Spice Trade Association.
§ Non-volatile ether extract.
0 Non-volatile methylene chloride extract,



TABLE VI

CHEMICAL ANALYSIS : IRRADIATED BLACK & WHITE PEPPERS*

_ . , Irradiated
Spice Control (9 kGy)

Black Pepper
% Moisture 16.65 10.70

White Pepper

% Moisture 10.59 10.59

* Mohd Khan Ayob, Ismail Bin Bahari


