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Table l.--Aspergillus flavus colonization of Nonpareil almond hulls and 

kernels when other potentially antagonistic fungi are present on the hull. 

A. flavus plus fungal group 

Fungus inoculated No other 
on the hull ~ A B C D Fungus 

Percent of each hull 
39ab~1 colonized by A. flavus 47b 44ab 28a 74c 

Percent of kernels in 
the sample colonized 
by!. flavus 7a 7a 10ab 27c 23bc 

1. A. flavus was not found in non-inoculated controls. 

2. Hull or kernel means within a row without a letter in common differ 
at the 90% confidence level. 
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Table 2.--Aflatoxins in Nonpareil Almond kernels (in hull) 

after drying on soil in the sun or shade. 

-
Highest 

temperatuI 
Drying and Aflatoxin (ppb) Total aflatoxin (~g) recordeo 

inoculation treatments Hull Kemel in hulls and kernels (OF) --

In sun (control) 0 0 0 127 

In shade (control) 0 0 0 88 

In sun + A. flavus 126 32 155 127 -

In shade + A. flavus 107 0 89 88 -
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I. OBJECTIVES AND GOALS: 

II. 

1. To determine the incidence of aflatoxins in almond samples 
taken at various points in the harvesting, handling, and storage 
system. 

2. (a) To determine the effects of controlled atmospheres 
(lowered oxygen levels, increased carbon dioxide levels) on the 
quality of stored shelled almonds; (b) to relate atmosphere compo
sition and temperature during storage to almond quality; (c) and to 
determine effects of various controlled atmospheres on insect 
infestation (cooperative with Stored Product Insects Laboratory). 

ABSTRACT: 

Although aflatoxin analyses made in prior seasons indicated a 
close correlation between insect infestation and the presence of 
toxin, no toxins were found in 535 samples of commercially harvested 
and hulled nuts in 1975, even though some samples had some insect 
damage. 

Almonds stored in controlled atmospheres (1% oxygen + elevated 
CO2 levels) for six months at 59°·or 68°F were of superior quality 
to those stored in normal air. Almonds stored at 75% relative 
humidity deteriorated more than those stored at 55%. Potentially, 
controlled atmospheres may partially compensate for low temperature 
storage, may improve quality maintenance, and prevent insect 
infestation. 



III. EXPERIMENTAL PROCEDURE: 

Aflatoxin determinations.--Almond samples obtained at packing 
plants as growers delivered the hulled nuts were segregated into 
sound, damaged by navel orange worm (NOW), and damaged by twig 
borer (TB) lots, which were analyzed separately for aflatoxin. Thin
layer chromotography methods detected and quantified aflatoxins Bl , 
B2, G1 , and G2• 

Controlled atmosphere storage.--Almond samples were stored for 
6 months in controlled atmospheres at 59° or 68°F and at 55 or 75% 
relative humidity. Atmospheres of 21 or 1% oxygen and 0, 10, 20, 40, 
or 80% carbon dioxide were maintained at the above temperatures, as 
well as a check lot in air at 36°F. 

Almond quality was determined in a sensory evaluation performed 
by a trained taste panel supervised by Dr. D. Guadagni at the 
Western Regional Research Laboratory. The panel used a hedonic rating 
system in which 1 equaled disliked extremely and 9 equaled liked 
extremely. 

IV. RESULTS: 

Aflatoxin determinations.--Of the 535 samples analyzed, 253 were 
sound, 224 with NOW damage, and 58 with TB damage. On a location 
basis, 312 samples were from The Ballico area, 193 from Fresno, and 
30 from Chico. No aflatoxins were found in these lots in 1975, 
regardless of insect infestation or growing area. 

Controlled atmosphere storage.--After six months, the poorest 
quality almonds were those stored in normal air at 59 or 68°F and 
those stored in several of the atmosphere combinations at 75% RH at 
68° (table 1). The best lot was that stored in 1% 02 and 10% C02 
at 55% RH at 59°. This lot was almost equalled by a high C02 lot 
(80%) stored at the same temperature an~4bumidity. Hedonic acceptance 
ratings are shown in table 2. The nuts~rghest ratings were all 
stored at 55% RH. " . 

V. DISCUSSION: 

Aflatoxin determinations.--Since the aflatoxin level was very 
low in the 1975 crop, differences in incidence of toxin due to various 
insect control programs or to geographical factors could not be 
demonstrated, as in prior seasons. Some lots from "clean" orchard 
plots in the Ballico area remain to be analyzed. 
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Controlled atmosphere storage.--Although additional work must 
be done, preliminary results suggest that high levels of carbon 
dioxide in the atmosphere are b~neficial in maintaining almond quality. 
Low oxygen levels (1%) also show some benefit, but not as consistently 
as high CO2 , High relative humidity levels (75%) were consistent in 
contributing to quality loss, particularly at the higher temperatures 
used in this study. When lots that have been in storage for 10 
months have been evaluated, we should have a better determination of 
CA effects on quality. 



Table 1.--Sensory evaluation of off-flavors in almond kernels stored 

for 6 months in controlled atmospheres, in comparison with a control 

stored at 36°F in air 

Storage conditions Percentage of judgments 

Atmosphere Temp. R.H. indicating least off-

% CO2 (%) flavor compared to control 

1 10 59 55 34 -* 
21 80 59 55 44 
21 0 36 55 (control) 
21 10 59 55 49 
21 40 59 55 51 

1 0 59 55 54 
1 40 59 55 54 
1 20 59 55 54 
1 0 68 55 55 
1 80 59 55 57 
1 80 68 75 58 

21 20 59 55 59 
1 20 68 55 62 * 
1 80 68 55 65 * 
1 0 68 75 68 * 

21 0 59 55 68 * 
21 0 68 55 68 * 

1 20 68 75 72* 
21 0 68 75 83 * 

* Indicates significant difference 
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Table 2.--Effect of storage conditions on hedonic acceptance ratings of 

almonds after 6 months of storage 

Storage conditions Mean hedonic 

Atmosphere Temp. R.H. acceptance rating * 
r 

(i.) 

1 0 59 55 6.6 
1 10 59 55 6.3 
1 20 59 55 6.6 
1 40 59 55 6.0 
1 80 59 55 6.6 

21 0 59 55 6.5 

( 21 10 59 55 6.8 
21 20 59 55 6.5 
21 40 59 55 6.9 
21 80 59 55 7.0 
21 0 68 55 6.4 

1 0 68 55 6.8 
1 20 68 55 7.0 
1 80 68 55 6.6 

21 0 36 55 7.0 d 
21 0 68 75 4.9 a 
1 0 68 75 5.3 ab 
1 20 68 75 5.7 bc 
1 80 68 75 6.2 c 

* Numbers followed by different letters are significantly different at 

Ii. level. 
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