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Abstract

BACKGROUND: Pistachio fruits suffer from postharvest decay, caused by Aspergillus flavus. This results in aflatoxin B1 (AFB1)
accumulation in kernels, which is hazardous for human health due to its carcinogenic activity. In this study, themechanism used
by exogenous ⊎-aminobutyric acid (BABA) treatment for attenuating Aspergillus decay, minimizing aflatoxin B1 (AFB1) accumu-
lation, and maintaining nutritional quality in fresh-in-hull pistachio kernels, infected by A. flavus during storage at 25 °C for
18 days, was investigated.

RESULT: Results of an in vivo assay showed that the spore germination and germ tube elongation of A. flavuswas repressed by
BABA treatment at 7.5 mM. Aspergillus decay accompanied by AFB1 accumulation was also minimized in fresh-in-hull pistachio
kernels treated with BABA at 7.5 mM and infected by A. flavus. Fresh-in-hull pistachio kernels, infected by A. flavus, treated with
BABA at 7.5 mM, also exhibited higher phenol and flavonoid accumulation and 2,2-diphenyl-1-picrylhydrazyl (DPPH) scaveng-
ing capacity accompanied by higher phenylalanine ammonia lyase (PAL) enzyme activity.

CONCLUSION: Promoting phenylpropanoid pathway activity with higher PAL enzyme activity in fresh-in-hull pistachio kernels
treatedwith BABAmay not only reduceAspergillusdecay in kernels by cell wall fortification but alsomay be favorable formaintain-
ing the kernels’ nutritional quality through its effects on ROS scavenging capacity. As oxidative stress, represented by ROS accumu-
lation, is responsible for A. flavus growth and AFB1 accumulation, higher phenol and flavonoid accumulation in fresh-in-hull
pistachio kernels treated with BABA may be beneficial for attenuating Aspergillus decay and minimizing AFB1 accumulation.
© 2019 Society of Chemical Industry

Keywords: Aflatoxin B1; ⊎-Aminobutyric acid; A. flavus; fresh-in-hull pistachio kernels; nutritional quality; postharvest

* Correspondence to: MS Aghdam, Department of Horticultural Science, Imam Khomeini International University, Qazvin, 34148-96818, Iran,
E-mail: soleimaniaghdam@eng.ikiu.ac.ir (Aghdam); Z Luo, Zhejiang Key Laboratory for Agro-Food Processing, College of Biosystems Engineering and Food Science,
Key Laboratory of Agro-Products Postharvest Handling Ministry of Agriculture, Zhejiang University, Hangzhou 310058, People's Republic of China.
E-mail: luozisheng@zju.edu.cn (Luo)

a Department of Horticultural Science, Imam Khomeini International University, Qazvin, Iran

b Key Laboratory for Agro-Products Postharvest Handling of Ministry of Agriculture, Zhejiang Key Laboratory for Agro-Food Processing, College of Biosystems Engineer-
ing and Food Science, Zhejiang University, Hangzhou 310058, China

c Department of Genetics and Plant Breeding, Faculty of Agriculture and Natural Resources, Imam Khomeini International University, Qazvin, Iran

d Department of Food Science and Technology, Ahar Faculty of Agriculture and Natural Resources, University of Tabriz, Ahar, Iran

e Department of Forestry and Medicinal Plants, Ahar Faculty of Agriculture and Natural Resources, University of Tabriz, Ahar, Iran

f Higher Education Center Shahid Bakeri Miyandoab, Urmia University, Urmia, Iran

g Department of Horticulture, Faculty of Agriculture, University of Zanjan, Zanjan, Iran

J Sci Food Agric 2020 www.soci.org © 2019 Society of Chemical Industry

1

https://orcid.org/0000-0002-1586-347X
https://orcid.org/0000-0001-8232-9739
mailto:soleimaniaghdam@eng.ikiu.ac.ir
mailto:luozisheng@zju.edu.cn


INTRODUCTION
Pistachio (Pistacia vera L.) is an economically important nut crop
worldwide. In 2017, the annual pistachio production of Iran was
575,000 metric tons, which constituted 51% of the world's pista-
chio production 1. In addition to its significant economic value,
owing to higher phytochemicals such as fatty acids, proteins, vita-
mins, mineral nutrition, and phenols, pistachio kernels have nutri-
tional and medicinal value and so are beneficial for human
health.1–4 Owing to significant economic, nutritional, and medici-
nal benefits, pistachio fruits could be considered as green gold
worldwide.5 Pistachio fruits suffer from postharvest decay, caused
by Aspergillus flavus, resulting in aflatoxin B1 (AFB1) accumulation
in kernels, which is hazardous for human health due to its carcino-
genic activity.2,3,6 In addition, fresh pistachio kernel infection by
A. flavus during postharvest life is accompanied by deteriorating
nutritional quality of the kernels.6 In recent years, the demand
for fresh pistachio kernel consumption has been increasing con-
tinuously, thus the market for fresh pistachio kernel is also
expanding fast. Aspergillus decay and AFB1 accumulation in pista-
chio kernels can restrict its local and international marketing. An
attempt to adopting safe eco-friendly strategies for attenuating
Aspergillus decay of fresh pistachio fruits during postharvest oper-
ation for minimizing AFB1 accumulation in kernels will therefore
enhance the significant economic value of pistachio fruits.1

In plants, triggering endogenous ⊎-aminobutyric acid (BABA)
accumulation in response to stresses demonstrates that BABA
may serve as a priming molecule for fortifying defense systems
activity for conferring stresses tolerance.7–9 In recent years, BABA
treatment has been used as a promising and safe strategy to
enhance fungal decay resistance in strawberry,10,11 peach,12

grape berry,13 mango,14 jujube,15 apple,16 blueberry fruits,17

tomato,18 kiwifruit19 and pitaya20 fruits during postharvest life.
Enhancing decay resistance in fruits treated with BABA during
postharvest life may be ascribed to the maintaining of membrane
integrity by reducing membrane-deteriorating phospholipase D
(PLD) and lipoxygenase (LOX) enzyme activity,10 sufficient intra-
cellular adenosine triphosphate (ATP) providing,10,12 triggering
reactive oxygen species (ROS) scavenging enzyme activity, 10 for-
tifying cell wall by promoting phenylpropanoid pathway activ-
ity10,12 accompanying by impeding cell-wall deteriorating
enzymes activity,17 eliciting PRs genes expression and enzymes
activity by triggering NPR1 genes expression,11,12,14–16 promoting
sucrose, fructose and glucose accumulation useful for providing
sufficient intracellular ATP, reducing power nicotinamide adenine
dinucleotide phosphate and carbon skeletons,11,17 triggering sys-
temic acquired resistance (SAR) representing by higher endoge-
nous salicylic acid (SA) and nitric oxide (NO) accumulation13 or
triggering signaling H2O2 accumulation useful for eliciting PRs
genes expression and enzymes activity,14,15 and promoting
endogenous ABA accumulation useful for callose deposition
resulting in cell wall fortifying.18 In addition to priming function,
BABA exhibits direct antifungal activity by disintegrating fungal
membrane integrity, represented by higher soluble carbohy-
drates and protein leakage, resulting in lower spore germination
and germ tube elongation, which is beneficial for enhancing
decay resistance in fruits and vegetables.11,16

To the best of our knowledge, this is the first study regarding the
attenuating effect of BABA treatment on Aspergillus decay and
AFB1 accumulation, and its relationship with the nutritional qual-
ity of fresh-in-hull pistachio kernels. The goal of our experiment is
thus to elucidate the mechanism by which BABA attenuates

Aspergillus decay of fresh-in-hull pistachio kernels, infected by
A. flavus, during storage at 25 °C for 18 days, by evaluating AFB1
accumulation, PAL enzyme activity, and phenol and flavonoid
accumulation, as well as DPPH scavenging capacity.

MATERIALS AND METHODS
Fresh-in-hull pistachio kernels
Fresh-in-hull pistachio kernels were harvestedmanually at the com-
mercial maturity stage as described by Ferguson and Haviland.21

Pistachio fruit cv. Akbari selected according to wildly cultivation
and production in Iran. At harvest, the average moisture of the
kernels was 38.25% (fresh weight basis). Fresh-in-hull pistachio
kernels without wounds or signs of decay were selected for
in vivo BABA treatment and A. flavus inoculation. Before BABA
treatment, these kernels were disinfected in 70% ethanol and
2% (v/v) sodium hypochlorite for 3 min. The fruits were then
washed with autoclaved ddH2O and dried under a sterilized
laminar airflow for 2 h as described by Panahirad et al.6

Aspergillus flavus
Aspergillus flavus, which was isolated from naturally decayed pis-
tachio fruits, was obtained from the plant pathology laboratory
of Higher Education Center Shahid Bakeri Miyandoab, UrmiaUni-
versity, Urmia, Iran. Aspergillus flavus was grown on potato dex-
trose agar (PDA) at 25 °C for 7 days. The spore suspension was
prepared by adding 10 mL autoclaved double-distilled water
(ddH2O) and submerging the surfaces of 7-day-old fungal culture.
Using a hemocytometer, the concentration of spores was
adjusted to 1 × 10 5 mL−1 spores using 0.05% (v/v) Tween 80.6

Spore germination and germ-tube elongation of A. flavus
Spore germination and germ-tube elongation of A. flavus in
response to the addition of BABA was assayed as described by
Osman et al:22 100 μL spore suspensions at 5 × 105 spore mL−1

were cultured on petri dishes (8 cm diameter) with 20 mL PDA
plus BABA solution at 0, 0.5, 2.5, 5, 7.5 and 10 mM. Then, spore ger-
mination (%) and germ-tube elongation (μm) were measured
(in 200 spores) after inoculation at 25 °C for 16 h (Osman
et al., 1989).

Aspergillus decay of fresh pistachio fruits
For BABA treatments, 1620 fresh-in-hull pistachio kernels were
harvested manually at the commercial maturity stage according
to Ferguson and Haviland.21 The fruits were then divided into
six lots of 270 fruits for the following treatments in triplicate
(90 fruits per replicate) by dipping wounded fruits at 0 (control),
0.5, 2.5, 5, 7.5, or 10 mM BABA solutions for 15 min. After air-dry-
ing, the hulls of fruits were wounded longitudinally, with wounds
5 mm in length and depth, by a sterile lancet in the shell gap site,
causing kernel injury.6 Then, fresh-in-hull pistachio kernel inocula-
tion was done at 25 °C for 6 h by adding 100 μL suspension at
5 × 105 mL−1 spores under sterilized laminar airflow. After con-
ventional polyethylene packaging, the fresh-in-hull pistachio ker-
nels were stored at 25 °C for 18 days. Aspergillus decay (%)
incidence and the kernels’ AFB1 accumulation were evaluated
after 18 days at 25 °C. Phenol and flavonoid accumulation, as well
as DPPH scavenging capacity originating from PAL enzyme activ-
ity in the fresh-in-hull pistachio kernels, were evaluated over 6, 12,
and 18 days at 25 °C.
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Fresh pistachio fruits Aspergillus decay and kernels AFB1
accumulation
Aspergillus decay in the fresh-in-hull pistachio kernels was
assessed as described by Panahirad et al.,6 and AFB1 accumula-
tion in fresh-in-hull pistachio kernels was assayed by high-
performance liquid chromatography (HPLC) as described by
Panahirad et al.6 AFB1 accumulation in kernels was expressed as
μg kg−1 FW.

Fresh-in-hull pistachio kernels PAL enzyme activity,
phenols, and flavonoids accumulation and DPPH
scavenging capacity
Phenylalanine ammonia lyase enzyme activity was analyzed as
described by Nguyen et al.,23 and expressed as katals produced
per mass of protein (kat kg−1). Phenol accumulation was analyzed
using the Folin–Ciocalteu technique,24 and expressed in g gallic
acid equivalents (GAE) kg−1 FW. Flavonoid accumulation was ana-
lyzed using the aluminum chloride technique,25 and was
expressed as g quercetin equivalents (QE) kg−1 FW. 2,2--
diphenyl-1-picrylhydrazyl scavenging capacity (%) was analyzed
as described by Oliveira et al.26

Statistical analysis
The experiment used BABA and storage times as factors and a
completely randomized design (CRD). It was conducted twice
using three replicates. Data analyses were performed using SPSS
software version 20 (SPSS Inc., Chicago, IL, USA) and means were
compared with Tukey's test with a P < 0.01 significance level.

RESULTS AND DISCUSSION
Spore germination and germ tube elongation of A. flavus
As shown in Fig. 1, BABA treatment at 7.5 mM significantly
repressed spore germination (P < 0.01) and germ-tube elonga-
tion (P < 0.01) of A. flavus. BABA exhibits direct antifungal activity
by disintegrating fungal membrane integrity, represented by
higher soluble carbohydrates and protein leakage, resulting in
lower spore germination and germ tube elongation, which may
be essential for enhancing decay resistance in fresh-in-hull pista-
chio kernels treated with BABA.11,16 Lower spore germination
and germ-tube elongation of A. flavus treated with BABA at
7.5 mM in vitro may originate from disintegrating membrane
integrity, represented by higher protein and sugar accumulation,
resulting in lower spore germination and germ-tube elongation.
It has been suggested that the higher O2

− and H2O2 accumula-
tion is responsible for A. flavus growth, therefore attenuating oxi-
dative stress may have efficiency for delaying A. flavus
growth.27–33 Accordingly, lower in vitro spore germination and
germ-tube elongation of A. flavus treated with BABA at 7.5 mM
may originate from the promotion of ROS scavenging enzyme
activity by BABA, which resulted in oxidative stress attenuation,
therefore delaying A. flavus growth. Also, chelating endogenous
Fe3+ by BABA may be beneficial for attenuating oxidative stress
by decreasing Fe3+ accumulation resulting in lower Fenton reac-
tion operation.34

Fresh pistachio fruits Aspergillus decay and kernels AFB1
accumulation
As shown in Fig. 2, BABA treatment at 7.5 mM significantly atten-
uated Aspergillus decay caused by A. flavus in fresh-in-hull pista-
chio kernels during storage at 25 °C for 18 days (P < 0.01).
Hence, BABA treatment at 7.5 mM was preferred for analyzing

AFB1 accumulation and PAL enzyme activity, phenol, and flavo-
noid accumulation as well as DPPH scavenging capacity evalua-
tion in fresh-in-hull pistachio kernels infected by A. flavus during
storage at 25 °C for 18 days.
Wang et al.11 reported that BABA treatment at 10 mM attenu-

ated postharvest gray mold decay in strawberry fruits by signal-
ing H2O2 accumulation, leading to higher ⊎-1,3-glucanase and
chitinase gene expression along with higher chitinase,
⊎-1,3-glucanase, and PAL enzyme activity. Treatment with BABA
at 10 mM also exhibited direct antifungal capacity by Botrytis
cinerea, demonstrated by lower in vitro spore germination and
germ-tube elongation, originating from keeping risky spore
membrane integrity and leading to soluble proteins and carbo-
hydrate leakage. Jannatizadeh et al.10 reported that attenuating
gray mold decay in strawberry fruits treated with BABA at
25 mM may be ascribed to providing sufficient intracellular
ATP, higher ROS scavenging enzyme activity resulting in dimin-
ishing H2O2 accumulation, higher PAL enzyme activity resulting
in higher phenols and anthocyanins accumulation as well as
DPPH scavenging capacity, and lower PLD and LOX enzyme
activity, resulting in maintaining membrane integrity, represent-
ing by lower malondialdehyde accumulation. Wang et al.12

reported that enhancing resistance to Rhizopus decay caused
by Rhizopus stolonifera in peach fruits treated with BABA may
be ascribed to higher ⊎-1,3-glucanase and chitinase gene expres-
sion and enzyme activity originating from higher NPR1 gene
expression, and higher lignin accumulation originating from
higher PAL, 4CL, and C4H enzyme activity, resulting in cell wall
fortification. Wang et al.13 stated that the enhancing resistance
to gray mold decay caused by Botrytis cinerea in grape berry fruits

Figure 1. Spore germination and germ-tube elongation of A. flavus after
incubation for 16 h at 25 °C treated with BABA. Data are shown asmean ± SE
(n = 3). Significance values are given according to Tukey's test at P < 0.05.
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during storage at 20 °C for 5 days treated with BABA at 10 mM
resulted from the provision of sufficient NADPH, which was
responsible for triggering ascorbate-glutathione (AA-GSH) cycle
activity, resulting in higher GSH accumulation accompanying
by triggering SAR, demonstrated by higher endogenous SA and
NO accumulation, resulting in higher PRs gene expression during
storage at 20 °C for 5 days. We therefore concluded that attenu-
ating Aspergillus decay caused by A. flavus in fresh-in-hull pista-
chio kernels treated with BABA at 7.5 mM during storage at
25 °C for 18 days may be ascribed to sufficient intracellular ATP
and NADPH providing higher ROS scavenging system activity,
higher phenol and flavonoid accumulation, and higher PAL
enzyme activity, lower PLD and LOX enzyme activity accompa-
nied by SAR, triggered by higher endogenous SA and NO
accumulation.
Fresh-in-hull pistachio kernels treated with BABA at 7.5 mM

exhibited lower kernel AFB1 accumulation during storage at 25 °C
for 18 days (Fig. 3; P < 0.01). In fresh-in-hull pistachio kernels
during storage at 25 °C for 18 days, higher kernel AFB1 accumula-
tion was accompanied by lower kernel phenol and flavonoid
accumulation and lower kernel DPPH scavenging capacity origi-
nating from lower kernel PAL enzyme activity (Table 1). Panahirad
et al.6 reported that the attenuating postharvest A. flavus infection
in fresh-in-hull pistachio kernels by SA treatment was accompa-
nied with fungal growth suppression, leading to suppression of
kernel aflatoxin B1 accumulation. Phenols, flavonoids, and antho-
cyanins have the anti-aflatoxigenic capacity for attenuating AFB1
biosynthesis by A. flavus by suppressing the mitogen-activated
protein kinase (MAPK) signaling pathway in A. flavus, which is cru-
cial for AFB1 biosynthesis and accumulation.35,36 Accordingly, we
concluded that the lower kernel AFB1 accumulation in fresh-in-
hull pistachio kernels, infected by A. flavus but treated with BABA
at 7.5 mM, may originate from higher phenol and flavonoid accu-
mulation exhibiting anti-aflatoxigenic capacity. Oxidative stress,
with higher O2

− and H2O2 accumulation, is also crucial for fungal
growth and AFB1 biosynthesis by A. flavus. Attenuating oxidative
stress by higher phenol and flavonoid accumulation and higher
SOD and CAT enzyme activity may therefore be crucial for mini-
mizing AFB1 biosynthesis by A. flavus.27–33 In our present study,

Figure 2. Incidence of Aspergillus decay in fresh-in-hull pistachio kernels
infected by A. flavus during storage at 25 °C for 18 days treatedwith BABA.
Data are shown as means ± SE (n = 3). Significance values are given
according to Tukey's test at P < 0.05.

Figure 3. AFB1 accumulation in fresh-in-hull pistachio kernels infected by
A. flavus during storage at 25 °C for 18 days treated with BABA. Data are
shown as means ± SE (n = 3). Significance values are given according to
Tukey's test at P < 0.05.

Table 1. The PAL enzyme activity, phenol and flavonoid accumulation, and DPPH scavenging capacity in fresh-in-hull pistachio kernels infected by
A. flavus during storage at 25 °C for 18 days, treated with BABA

Treatment Storage time
Phenol metabolism

BABA
(mM) Days

PAL activity
(kat kg−1)

Phenol accumulation
(g GAE kg−1)

Flavonoid accumulation
(g QE kg−1)

DPPH scavenging
capacity (%)

0 6 2.30 ± 0.36 d 1.37 ± 0.12 d 0.72 ± 0.06 d 76.33 ± 0.33 b
12 4.10 ± 0.32 c 1.63 ± 0.09 d 1.06 ± 0.07 c 72.67 ± 1.45 c
18 5.87 ± 0.35 b 2.10 ± 0.06 c 1.40 ± 0.07 b 69.33 ± 0.88 d

7.5 6 3.40 ± 0.42 c 1.67 ± 0.07 d 1.13 ± 0.07 c 79.67 ± 2.03 a
12 5.33 ± 0.24 b 2.70 ± 0.15 b 1.60 ± 0.06 b 78.33 ± 0.88 a
18 7.30 ± 0.40 a 3.23 ± 0.13 a 1.97 ± 0.09 a 75.67 ± 2.40 b

Significant df
Time 2 ** ** ** **
Treatment 1 ** ** * **
T × T 2 * * * **
CV - 13.24 8.91 8.45 3.89

Mean values ± SE (n = 3). Significance values are given according to Tukey's test at P < 0.05.
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therefore, lower kernel AFB1 accumulation in fresh-in-hull pista-
chio kernels, infected by A. flavus but treated with BABA at
7.5 mM,may originate from higher phenol and flavonoid accumu-
lation exhibiting ROS scavenging capacity for attenuating oxida-
tive stress. In addition to promoting phenylpropanoid pathway
activity, lower kernel AFB1 accumulation in fresh-in-hull pistachio
kernels, infected by A. flavus, treated with BABA at 7.5 mM may
originate from higher ROS scavenging system activity. Also, che-
lating endogenous Fe3+ by BABA may be beneficial for attenuat-
ing oxidative stress by decreasing Fe3+ accumulation resulting in
lower Fenton reaction operation.34

Fresh-in-hull pistachio kernels PAL enzyme activity,
phenols, and flavonoids accumulation and DPPH
scavenging capacity
As shown in Table 1, BABA treatment at 7.5 mM significantly pro-
moted kernel PAL enzyme activity (P < 0.01) resulting in higher
kernel phenol and flavonoid accumulation (P < 0.01) and higher
kernel DPPH scavenging capacity (P < 0.01) in fresh-in-hull pista-
chio kernels, infected by A. flavus, during storage at 25 °C for
18 days. Wang et al.37 reported that the higher O2

−, OH−, and
DPPH scavenging capacity in sweet cherry fruits treated with
BABA may originate from higher phenol, ascorbic acid, glucose,
fructose, and sucrose accumulation and higher SOD, APX, CAT,
and GR enzyme activity. Hence, in our present study, higher kernel
phenol and flavonoid accumulation, and higher kernel DPPH
scavenging capacity in fresh-in-hull pistachio kernels treated with
BABA at 7.5 mM may originate from the promotion of kernel PAL
enzyme activity, which may be useful for maintaining kernels’
nutritional quality in fresh-in-hull pistachio kernels, infected by
A. flavus, during storage at 25 °C for 18 days.
In response to fungal infection during postharvest life, phe-

nylpropanoid pathway activity is fundamental for enhancing
decay resistance in fruits and vegetables, resulting from a direct
inhibition of spore germination and mycelium growth by phe-
nols or elimination of fungal pathogens by phenols by quinine
production, and a deposition of phenols in the cell wall, which
serves as a physical barrier to fungal infection, restricting fungal
sparring.38,39 Kim and Hwang40 also reported that the higher
PAL gene expression and activity were responsible for attenuat-
ing pathogen infection in pepper as a result of signaling H2O2

accumulation, generated by higher NADPH oxidase gene
expression, resulting in higher endogenous SA accumulation
and higher PR1 gene expression. Nayak et al.41 also reported
that the promotion of PAL enzyme activity and higher endoge-
nous SA accumulation, resulting in higher PRs gene expression,
accompanied by higher ROS scavenging system activity, was
responsible for higher resistance of groundnut to A. flavus
infection. Li et al.39 reported that enhancing resistance to
brown rot caused by Monilinia fructicola in peach fruits by NO
treatment may originate from the promotion of PAL, 4CL, C4H,
CHS, and CHI gene expression and enzyme activity, resulting
in higher phenol, flavonoid, and anthocyanin accumulation
exhibiting antifungal capacity. Aghdam and Fard38 reported
that enhanced decay resistance in strawberry fruit as a result
of melatonin treatment may originate from higher PAL enzyme
activity, resulting in higher phenol and anthocyanin accumula-
tion as well as higher DPPH• scavenging capacity, which is
key not only for cell-wall fortification but also for maintaining
the nutritional quality of the fruit. Accordingly, our results dem-
onstrated that the attenuating Aspergillus decay in fresh-in-hull
pistachio kernels during storage at 25 °C for 18 days treated

with BABA at 7.5 mM may be useful for maintaining kernel
nutritional quality by promoting kernel PAL enzyme activity,
resulting in higher kernel phenols and flavonoid accumulation
as well as higher DPPH scavenging capacity.

CONCLUSION
As oxidative stress and ROS accumulation are responsible for
A. flavus growth and AFB1 accumulation, lowering in vitro spore
germination and germ-tube elongation, and minimizing in vivo
AFB1 accumulation may be ascribed to the attenuation of oxida-
tive stress by treatment with BABA at 7.5 mM. Higher phenol
and flavonoid accumulation originating from higher PAL enzyme
activity, which resulted in higher DPPH scavenging capacity, may
be responsible for minimizing in vivo AFB1 accumulation by
A. flavus treated with BABA at 7.5 mM. Higher phenol and flavo-
noid accumulation is not only effective for cell-wall fortification,
which suppressed fungal penetration in pistachio kernels, but is
also useful for the nutritional quality of fresh-in-hull pistachio ker-
nels. The application of BABA may therefore not only be a useful
procedure to attenuate Aspergillus decay while minimizing AFB1
accumulation, but may also be effective for maintaining the nutri-
tional quality of fresh-in-hull pistachio kernels during their
postharvest life.
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