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Algicidal Characteristics of Cashew Nut Oil against Microalgae
and Development of its Mixtures with Synergistic Effects
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ABSTRACT. This study was conducted to investigate the algicidal characteristics of cashew nut oil (CNO) and to develop CNO
mixtures with other compounds having synergistic effects on the growth inhibition against a blue-green alga, Microcystis
aeruginosa. Among tested CNOs, CNO with higher anacardic acid contents (Ana-A) exhibited the best algicidal activity against
M. aeruginosa. Ana-A showed broad algicidal spectrum with particular greater activity against blue-green algae than green algae.
Ana-A showed the greatest activity against to Oscillatoria tenuis (IC5;= 0.19 pg mL™") among the tested blue-green algae and to
Chlorella vulgaris (IC5,= 4.54 pg mL™") among the tested green algae, respectively. In a mixture experiment to evaluate a chemical
interaction in M. aeruginosa control, Ana-A showed a strong synergistic effect with MSB and menadione, mild synergistic effect
with citric acid, and additive effect with chryspophanol, copper sulfate and quinoclamine. Taken together, our results suggest that
CNO containing higher anacardic acid can be used as an eco-friendly natural algicide for selective control of blue-green algae such
as M. aeruginosa and O. tenuis through an optimization of application rate and in combination with synergists such as MSB and
menadione.
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Table 1. Fresh-water algae tested in this study.

Group Scientific name (Abbreviation)

Botryococcus braunii UTEX 572 (Bb 2)
Botryococcus braunii UTEX 2441 (Bb 3)
Chlamydomonas spp. (Cs)

Chlorella vulgaris UTEX 265 (Cv)
Scenedesmus spp. (Ss)

Anabaena affinis (Af)

Microcystis aeruginosa UTEX 2388 (MaU)
Microcystis aeruginosa WREO11 (MaW)
Oscillatoria tenuis UTEX1566 (Ot)

Green algae

Blue-green algae

Spirulina platensis (Sp)
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o] A670 nm=0.05-008 U2 & 2As}g.on, oF4 227}
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A AEICYAZH FHrls 7|2 oR S 2HS B
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(Sp), Anabaena affinis (Af)°] Tt FA|Z 2] EH(FA|71)
© 280 FAE ] A = (%)=A YER I 1
HY Oscillatoria tenuis (Ot)2] 7-$-oll= A|Z7} 54 A}t
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Fig. 1. Chemical structure of major constituents contained in
cashew nut oil.
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Fig. 2. The effect of three compounds prepared from cashew
nut oil on the growth inhibition of Microcystis aeruginosa
UTEX 2388. Ana-A: cashew nut oil containing 87.1% anacardic
acid; Ana-B: cashew nut oil containing 66.6% anacardic acid and
19.9% cardol; Car-M: cashew nut oil containing 82.5% cardol and
9.8% cardanol. Vertical bars represent average + standard
deviation of three replicates.

7R @ Yofl= anarcardic acid, cardanol, cardol 5 ¢]
| o] EaEol g Watoheh 2t7te] HEEoA
% oY ThE BlTRe] 24 AHIYE SA ol
31 Bh=t (Fig. 1), 2 Wo] FFE li= AJE-2 anarcardic
acido]t}(Hamad and Mubofu, 2015; Lubi and Thachil,
2000). o]& AEo] Al A ko] w2 ARIHA H|IE
3l G3f HE2F< Microcystis A7 Aol 1|2 = A4

LA aE AT 1 23, Ana-A > Ana-B > Car
-M 402 o] =2 A 0 2 e} anacardic acid7} AF

TS ekl 70 4B & 4 dgithFg 2). @
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Chelikani et al, 2009) ©]2{3t X 2= =& ARTAS 7
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HAA7]7] o]H7] H&¢) 7533t anacardic acid $HEFO]
=2 AL Agste] AdA st AMgshs Ao F& A
o & AzrHEct

Ana-A°| AZEM AHIEZ

Anacardic acid g=F0] 80% ©]A+Q] Ana-AZS 7}X|1l & 7}
A w25 9 GRS F7 AR Aold 2AE Bl
71 Adt Ana-A°] 8 FRFE SRFHEO A oR
W7k 93-S ekfo] Ana-Ae] Rl that 50% 4
FAAF=(ICs) 7t 1.0 ug mL™ 0]5F L, Z2fro] it
50% A A s+ 4.5-9.8 ug mL 2 A (Table 3), & &
zve] MEldo] vmd Eg S4S Yeoc) H2s
o ojgh ALEgHY S F7k Ml Ak £ 2 Hol)
ANAA T A H ez Cvrt 917eHICs, = 4.54 ug mL™) 7
ol ok HRF 4] &g Hlao] 9lojAl= Fig.
304 B Ble} o] Ovk 7H BIZHHAT(IC,=019 g
mL™) T2 MaU ©] 2™ (ICs=0.38 pg mL™), Sp7} 7}
A =25 tHICs = 1.0 pg mL™")(Table 2). wW2}A] Ana-A
L gajR7) ol EEE dARE dumoz WAt
=t -85t 82 4= S AOE AtREH 53] Ot
of M7l A £5 FolA 714 0zt WS ol
Ana-aol oI5} WAL T B % Qe Eom PekE o,
Microcystis@} Ocillatoria G-2 &-20 &9 $-2uz} a1
A 71 BAA] B 3491 88 JxFo|m (Ahn et al,
2015), Ocillatoriai= =o| A= th& A=Y 7 HEF

N

L B
Fol7]1% slth(Lee et al, 1993). whehA], 7i7UH 2YU-S o]
|3to] o]F YRFE avtHo|al P A o2 WA 4=
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Fig. 3. Effects of anacardic acid on the growth inhibition of 4
species of freshwater blue-green algae. Af: Abaena affinis; MaU:
Microcystis aeruginosa UTEX 2388; Ot: Oscillatoria tenuis
UTEX1566; Sp: Spirulina platensis. Vertical bars represent
average + standard deviation of three replicates.

Table 2. Effect of Ana-A on the growth inhibition of different
algal species.

Group Scientiﬁ‘; name ICSO_1 )
(Abbreviation) (ugmL™)
Green Botryococcus braunii UTEX 572 (Bb 2) 7.96
algae Botryococcus braunii UTEX 2441 (Bb 3) 9.83
Chlamydomonas spp. (Cs) 4.75
Chlorella vulgaris UTEX 265 (Cv) 4.54
Scenedesmus spp. (Ss) 6.37
Blue- Anabaena affinis Lem (Af) 0.75
z‘i;z? Microcystis aeruginosa UTEX 2388 (MaU)  0.38
Oscillatoria tenuis UTEX1566 (Ot) 0.19
Spirulina platensis (Sp) 1.00

*Application rate (ug mL™) inducing 50% growth inhibition of each
alga.

Table 3. Interaction of Ana-A + MSB mixtures on the growth
inhibition of M. aeruginosa UTEX 2388.

Conc. (g mL™) Algicidal activity (%)
Interaction
amcadic v S T oy
(Obs) (Exp)*
0.125 0.1 40.6 7.8 32.8
0.15 58.8 18.0 40.8
0.2 75.1 62.8 12.3
0.3 78.0 65.8 12.2
0.4 100.5 96.1 44
0.1875 0.1 459 17.9 28
0.15 73.1 27.0 46.1
0.2 87.7 66.9 20.8
0.3 85.2 69.6 15.6
0.4 99.6 96.5 3.1
0.25 0.1 52.3 37.3 15
0.15 92.2 44.2 48
0.2 90.5 74.7 15.8
0.3 95.2 76.7 18.5
0.4 101.3 974 3.9
0.375 0.1 98.9 98.9 0
0.15 102.9 99.0 39
0.2 99.7 99.5 0.2
0.3 99.6 99.6 0
0.4 102.6 100.0 2.6

YCaculated by Colby’s equation.
“Positive numbers, numbers near zero and negative numbers represent
synergistic effect, additive effect and antagonistic effect, respectively.
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9 A= SEY Aoargol o) Asete id
sh= A9 371 "ol ol 2% ®ASH] Ax %
HES Alxstd dxA9 AA4 B4t gEo A=
Al o SHAE o7t Q1S Alolth A|E71A] anacardic
acid®} 5285 7Htkal By sighE HE A
(methicillin) © 24| o] 52| &3tA = HgAde-A3 3
Al 32 e ATt (Staphylococcus aureus)2] XA o] 371 Itk

Table 4. Interaction of Ana-A + menadione mixtures on the
growth inhibition of M. aeruginosa UTEX 2388.

Conc. (g mL™) Algicidal activity (%)

11 399t (Muroi et al., 2004). 18U o)A ZREE iAo
2 AEE A= AY A dEbA & dAFelA =
anacardic acid 11§+ =521 Ana-A9}9] E3 A E &
8 fo] FAHE Bk 2TE BusA AR5
O ==5 Ana-A9] AT]=xEE anacardic acid TS 7|
To® gHbsto] EASHIY EFA Y i StEEe
o = AZREA o] itk H 1% MSB, menadione
(Haghjou et al, 2014), citric acid (Dayan et al, 2009;
Ozdemir, 2009), chrysophanol (Cantrell et al., 2007; Choi et
al., 2004), copper sulfate (Jancula and Marsalek, 2011),
quinoclamine (Aida et al., 2006) 5= AR5},

Ana-A + MSB BRI 49, 2 SEAGEE dof
A AR EASA) SHER o2 AlLbsto] ozl 7]
AR ojH ABAHE A4 Table 30412} 2
om HHHA O 2 Ana-A + MSBO] E9tAg= A% A5
A= HEtith 53] EgA Y] 4 = =% 5 M
aeruginosa UTEX2388¢] tfjgt =35t WA a5 Uelf+=
282 anacardic acid 0.125~0.2 pg mL™'+MSB 0.1~0.2 pg
mL™, anacardic acid 0.25 pg mL™+ MSB 0.15~0.3 pg mL™0]
&It} SHH anacardic acid + MSB E3HE9] SFA A2l s s

Interaction
Anacardic . Observed  Expected values ) o ) ]
¢ Menadione  values values  (Obs-Exp)* Table 5.. h?te.r.actlon of Ana-A + citric acid mixtures on the
acid (Obs) (Exp)” growth inhibition of M. aeruginosa WREO11.
0.125 0.05 60.0 22.8 37.2 Conc. (g mL™) Algicidal activity (%) .
0075 65.2 313 339 . . Observed  Expected Inf:ﬁ:: "
0.1 78.0 46.7 313 An:g’gdlc ?Ctlréc values  values  (Obs-Exp)®
0.15 85.8 80.7 5.1 (Obs) (Exp)”
0.2 99.2 96.4 2.8 0.037 10 25.0 23.3 1.7
0.1875 0.05 65.7 254 40.3 20 28.3 233 5.0
0.075 68.4 33.6 34.8 30 56.7 41.2 15.5
0.1 76.9 48.5 284 40 100.0 73.2 26.8
0.15 97.6 81.4 16.2 0.11 10 25.0 233 1.7
0.2 99.3 96.5 2.8 20 56.7 233 334
0.25 0.05 77.5 314 46.1 30 68.3 41.2 27.1
0.075 79.3 38.9 40.4 40 100.0 73.2 26.8
0.1 93 52.7 40.3 0.33 10 51.7 46.7 5.0
0.15 98.7 82.9 15.8 20 58.3 46.7 11.6
0.2 99.1 96.8 2.3 30 83.3 59.1 24.2
0.375 0.05 89.1 84.1 5 40 100.0 81.3 18.7
0.075 101.6 85.8 15.8 1 10 95.0 91.7 33
0.1 100.4 89.0 114 20 95 91.7 33
0.15 100.6 96.0 4.6 30 100.0 93.6 6.4
0.2 100.2 99.3 0.9 40 100.0 97.1 2.9

YCaculated by Colby’s equation.
“Positive numbers, numbers near zero and negative numbers represent
synergistic effect, additive effect and antagonistic effect, respectively.

YCaculated by Colby’s equation.
"Positive numbers, numbers near zero and negative numbers represent
synergistic effect, additive effect and antagonistic effect, respectively.
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Fig. 4. Interaction of Ana-A + chrysophanol (A), Ana-A + copper sulfate (B) and Ana-A + quinoclamine (C) mixtures on the
growth inhibition to M. aeruginosa (UTEX2388 at A, WREOI1 at B and C).

TAAZ] (0.5 pg mL™Y), = OFA|o] EEHH| 8L 0:100%~100
0%z AR Teld T el i Eahul&ol anacardic
acid 40% + MSB 50%=E] anacardic acid 90% + MSB 10%
HAY W M. aeruginosa UTEX23880] tfjdt ArzgA]of
QlolH M} Faig A5AHES U AckaRR v,

Ana-A + menadione &3+%]2]Q] 9%, Ana-A + MSB &
k) g ol A9} o] M. aeruginosa UTEX2388 WA ol i3}
e Aol BRE T WAlo) QoA 4wt A
2Zke 9o JElY = anacardic acid 0.125~0.25 pg
mL™" + menadione 0.05~0.1 ug mL"'0| 1T} (Table 4).

Ana-A+ citric acid E&X 2| 9] H$%, M. aeruginosa
WREOI11 Ao thaf vlwa] 33t 452He-& et
At As2rgo] 71 A UERdE anacardic acid
0.04 ~0.33 ug mL™"+ citric acid 30~40 pg mL ']} TH(Table 5).

3+ Ana-A + chrysophanol, Ana-A + copper sulfate, Ana-
A + quinoclamine &3t 2] 9] 7= FL o] wle} njek
o A E= AeAbgo] Hol7|k SHARE Pt o &
o} A7 A8 UEbdThL & 4= QLSITh(Fig. 4). ©]/4]
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