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Abstract

intensity exercise session.

In this review, three components of cashew apple juice (CAJ) including vitamin C, branched-chain amino acids (BCAAs), and anacardic
acids are considered to play major roles on metabolism, oxidative stress, immune function, and cardiac autonomic function in exercise.
Supplementation with CAJ could promote effects of exercise training on increased fat utilization, increased immune cell counts, increased vagal
activity, and decreased oxidative stress during high-intensity exercise in healthy persons. This may lead to increase endurance time in exercise
and may help athletes and sedentary persons to early recover and reduce susceptibility to involve in illness after the competition or high-
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Abbreviations: BCAAs: Branched-Chain Amino Acids; CAJ: Cashew Apple Juice; CHF: Chronic Heart Failure; ROS: Reactive Oxygen Species

Introduction

The cashew tree (Anacardium occidentale L.) belongs to the
family Anacardiaceae. It is a native plant of Brazil. The fruit
consists of a cashew nut (the true fruit) and a cashew apple
(pseudofruit). The cashew nut is the most important product
of the cashew tree; whereas the cashew apple has increased
in value [1]. Many procedures have been industrialized for
transforming the cashew apple into several products such as
juice, jam, syrup, chutney, and beverage [2]. Cashew apple juice
(CAJ) is one of the most popular juices in Brazil and is widely
available in the Brazilian market [3].

Contents of Cashew Apple Juice

CAJ is an excellent source of vitamin C, averaging
200-269mg/100g of juice, 4-7 times higher than orange juice
[4]. In addition, the CAJ also contains a complex mixture of
vitamins, antioxidants, fructose and glucose, mineral salts,
organic acids, amino acids, anacardic acids, and carotenoids
such as a-carotene, 3-carotene and (3-cryptoxanthin [5,6].

Cashew Apple Juice and Fat Utilization

Oxidation rates of muscle glycogen and plasma glucose
increased and plasma free fatty acids and triacylglycerol
decreased during high-intensity exercise [7]. Our previous
study demonstrated that supplementation with CAJ at 3.5ml/

kg body mass/day for 4 weeks enhanced fat oxidation during
high-intensity exercise and increased endurance performance
in athletes and sedentary persons [8]. CA] may enhance fat
oxidation via the effect of vitamin C on carnitine synthesis
[9]. Vitamin C acts as a cofactor for e-N-trimethyl-L-lysine
hydroxylase and y-butyrobetaine hydroxylase enzymes. They
are required for the biosynthesis of carnitine which plays
an important role on fat oxidation in skeletal muscle [10].
Moreover, vitamin C also directly stimulates the -oxidation
of fatty acids [11]. Leucine, the other content, was suggested
to take synergistic effects on energy metabolism. It induced
a significant increase in fat oxidation in C2C12 muscle cells
and adipocyte tissue and decreased fatty acid synthase (FAS)
expression in the adipocytes [12]. A few previous studies
showed that supplementation with leucine increases hepatic
and muscle glycogen concentrations [13], suggesting greater
fat used during exercise. Anacardic acids supplementation
was also shown to decrease body fat deposition. Uncoupling
action of anacardic acids on the mitochondrial oxidative
phosphorylation was proposed [14].

Cashew Apple Juice and Oxidative Stress

Our previous work showed that supplementation with
CAJ for 4 weeks increased antioxidant such as superoxide
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dismutase and reduced inflammation in cyclists. These are
important factors contributing to increase exercise tolerance
[15]. Vitamin Cis a potent water-soluble antioxidantin humans.
It is called an antioxidant due to preventing other compounds
from being oxidized [16]. The vitamin C plays important roles
in cellular function and has been implicated in processes
associated with aging, including vascular, inflammatory
damage and cancer. High-intensity exercise increases the
generation of free radicals and lipid peroxidation. Thus, it
induces oxidative damage and result in muscle injury. The
vitamin C is shown to cope with the enhanced production of
free radicals and thus decrease in the rate of lipid peroxidation
[17]. Anacardic acids are also a strong antioxidant [2]. In the
hypoxanthine/xanthine oxidase assay, they predominantly
function in a suppression of superoxide generation and
inhibition of xanthine oxidase and thus ameliorate reactive
oxygen species (ROS) attack and protect DNA damage induced
by ROS [18].

Cashew Apple Juice and Immune Function

Our recent study found that supplementation with CAJ
for 4 weeks increased total leukocyte and neutrophil counts
which were mediated by reduced oxidative product such as
malondialdehyde and 8-isoprostane (not published yet). In
rats, da Silveira Vasconcelos and colleagues found that CA]J
improved the immunological mechanisms and optimized
balance between ROS and antioxidants leading to better
wound healing [1]. In aspect of ergogenic aids, vitamin C
supplementation = 1000mg/day augmented the increase in
lymphocyte counts after exercise in ultra marathon runners
[19]. Vitamin C is an immune system booster par excellence.
It can maintain an effective immune response [20]. There
are some evidences reported that vitamin C strengthens and
protects the immune system by stimulating the activity of
antibodies and immune system cells such as phagocytes and
neutrophils. In addition, it may in theory neutralize the ROS
that are produced especially during high-intensity exercise by
maintaining the redox integrity of immune cells and thereby
protects them against ROS [21]. Anacardic acids have also
reported to increase heme oxygenase-1 which is an antioxidant
enzyme involving immune system [22].

Cashew Apple Juice and Cardiac Autonomic Function

In my previous work we proved that a single dose of
CA] supplementation at 3.5ml/kg body mass augmented
parasympathetic (vagal) activity during high-intensity
exercise in athletes [23]. An animal study also observed that
vitamin C supplementation stimulated the vagal activity
[24]. The vitamin C may act through a mechanistic pathway
mediated by increased vagal and decreased sympathetic
activities [25]. In patients with chronic heart failure (CHF),
vitamin C supplementation improved vagal sinus modulation.
These data open the possibility that the vitamin C acts directly
on the sinoatrial node or sub endothelial nerve endings at the
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baroreceptor level such as carotid, aortic, or cardiopulmonary
and acts indirectly by improving hemodynamic [26].

Conclusion

The cashew apple juice (CAJ]) is a product of cashew apple
manufactures. Itis rich in complex nutrients including vitamin
C, branched-chain amino acids, and anacardic acids. These
components yield their beneficial effects on health. In aspect
of ergogenic aids, acute and chronic CAJ supplementation
enhances body metabolism, antioxidant activity, immune cell
activity, and cardiac autonomic activity during high-intensity
exercise. Thus, the CAJ is a healthy drink which has potential
effects on both sport and health promotion.

References

1. da SilveiraVasconcelos M, Gomes-Rochette NF, de Oliveira ML, Nunes-
Pinheiro DC, Tomé AR, et al. (2015) Anti-inflammatory and wound
healing potential of cashew apple juice (Anacardium occidentale L.) in
mice. ExpBiol Med (Maywood) 240(12): 1648-1655.

2. Trevisan MT, Pfundstein B, Haubner R, Wurtele G, Spiegelhalder B, et
al. (2006) Characterization of alkyl phenols in cashew (Anacardium
occidentale) products and assay of their antioxidant capacity. Food
Chem Toxicol 44(2): 188-197.

3. Kubo I, Masuoka N, Ha T, Tsujimoto K (2006) Antioxidant activity of
anacardic acids. Food Chem 99: 555-562.

4. Menezes ], Alves R (1995) Physiology and postharvest technology of
cashew apple. Fortaleza: EMBRAPA-CMPAT.

5. Bicalho B, Pereira AS, Aquino Neto FR, Pinto AC, Rezende CM
(2000) Application of high-temperature gas chromatography-mass
spectrometry to the investigation of glycosidically bound components
related to cashew apple (Anacardium occidentale L. Var. Nanum)
volatiles. ] Agric Food Chem 48(4): 1167-1174.

6. Campos D, Santos A, Wolkoff D, Matta V, Cabral L, et al. (2002) Cashew
apple juice stabilization by microfiltration. Desalination 148: 61-65.

7. van Loon LJ, Greenhaff PL, Constantin-Teodosiu D, Saris WH,
Wagenmakers AJ] (2001) The effects of increasing exercise intensity on
muscle fuel utilisation in humans. ] Physiol 536(Pt 1): 295-304.

8. Prasertsri P, Roengrit T, Kanpetta Y, Tong-un T, Muchimapura S, et al.
(2013) Cashew apple juice supplementation enhancedfat utilization
during high-intensity exercise in trained and untrained men. ] Int Soc
Sports Nutr 10(1):13.

9. Johnston CS, Corte C, Swan PD (2006) Marginal vitamin C status is
associated with reduced fat oxidation during submaximal exercise in
young adults. Nutr Metab (Lond) 3: 35.

10. Hoppel C (2003) The role of carnitine in normal and altered fatty acid
metabolism. Am ] Kidney Dis 41(4 Suppl 4): S4-12.

11. Ha TY, Otsuka M, Arakawa N (1994) Ascorbate indirectly stimulates
fatty acid utilization in primary cultured guinea pig hepatocytes by
enhancing carnitine synthesis. ] Nutr 124(50): 732-737.

12. Zemel MB, Bruckbauer A (2012) Effects of a leucine and pyridoxine-
containing nutraceutical on fat oxidation, and oxidative and
inflammatory stress in overweight and obese subjects. Nutrients
49(6): 529-541.

13. de Araujo JA, Falavigna G, Rogero MM, Pires IS, Pedrosa RG, et al.
(2006) Effect of chronic supplementation with branched-chain amino
acids on the performance and hepatic and muscle glycogen content in
trained rats. Life Sci 79(14): 1343-1348.

How to cite this article: Piyapong P, Naruemon L.Cashew Apple Juice: Contents and Effects on Health. Nutri Food Sci Int J. 2017; 4(1): 555629. DOI:


http://dx.doi.org/10.19080/NFSIJ.2017.04.555629
https://www.ncbi.nlm.nih.gov/pubmed/25819683
https://www.ncbi.nlm.nih.gov/pubmed/25819683
https://www.ncbi.nlm.nih.gov/pubmed/25819683
https://www.ncbi.nlm.nih.gov/pubmed/25819683
https://www.ncbi.nlm.nih.gov/pubmed/16095792
https://www.ncbi.nlm.nih.gov/pubmed/16095792
https://www.ncbi.nlm.nih.gov/pubmed/16095792
https://www.ncbi.nlm.nih.gov/pubmed/16095792
http://agris.fao.org/agris-search/search.do?recordID=US201300738905
http://agris.fao.org/agris-search/search.do?recordID=US201300738905
https://www.ncbi.nlm.nih.gov/pubmed/10775367
https://www.ncbi.nlm.nih.gov/pubmed/10775367
https://www.ncbi.nlm.nih.gov/pubmed/10775367
https://www.ncbi.nlm.nih.gov/pubmed/10775367
https://www.ncbi.nlm.nih.gov/pubmed/10775367
https://www.ncbi.nlm.nih.gov/pubmed/11579177
https://www.ncbi.nlm.nih.gov/pubmed/11579177
https://www.ncbi.nlm.nih.gov/pubmed/11579177
https://www.ncbi.nlm.nih.gov/pubmed/23497120
https://www.ncbi.nlm.nih.gov/pubmed/23497120
https://www.ncbi.nlm.nih.gov/pubmed/23497120
https://www.ncbi.nlm.nih.gov/pubmed/23497120
https://www.ncbi.nlm.nih.gov/pubmed/16945143
https://www.ncbi.nlm.nih.gov/pubmed/16945143
https://www.ncbi.nlm.nih.gov/pubmed/16945143
https://www.ncbi.nlm.nih.gov/pubmed/12751049
https://www.ncbi.nlm.nih.gov/pubmed/12751049
https://www.ncbi.nlm.nih.gov/pubmed/8169666
https://www.ncbi.nlm.nih.gov/pubmed/8169666
https://www.ncbi.nlm.nih.gov/pubmed/8169666
https://www.ncbi.nlm.nih.gov/pubmed/22822451
https://www.ncbi.nlm.nih.gov/pubmed/22822451
https://www.ncbi.nlm.nih.gov/pubmed/22822451
https://www.ncbi.nlm.nih.gov/pubmed/22822451
https://www.ncbi.nlm.nih.gov/pubmed/16698042
https://www.ncbi.nlm.nih.gov/pubmed/16698042
https://www.ncbi.nlm.nih.gov/pubmed/16698042
https://www.ncbi.nlm.nih.gov/pubmed/16698042

Nutrition & Food Science International Journal

14.

15.

16.

17.

18.

19.

20.

Toyomizu M, Okamoto K(Ishibashi T, Chen Z, Nakatsu T(2000)
Uncoupling effect of anacardic acids from cashew nut shell oil on
oxidative phosphorylation of rat liver mitochondria. Life Sci 66(3):
229-234.

Prasertsri P, Tong-un T, Roengrit T,Kanpetta Y, Yamauchi ], et al.
(2016) Cashew apple juice supplementation increases endurance and
strength performance in cyclists. ] Exerc Physiol Online 19(5): 59-70.

Padayatty SJ], Katz A, Wang Y, Eck P, Kwon O, et al. (2003) Vitamin C
as an antioxidant: evaluation of its role in disease prevention. ] Am
CollNutr 22(1): 18-35.

Evans W] (2000) Vitamin E, vitamin C, and exercise. Am ] ClinNutr
72(2): 647S-6528.

MeloCavalcante AA, Rubensam G, Picada JN, Gomes da Silva E,
Fonseca Moreira JC, et al. (2003) Mutagenicity, antioxidant potential,
and antimutagenic activity against hydrogen peroxide of cashew
(Anacardium occidentale) apple juice and cajuina. Environ Mol
Mutagen 41(5): 360-369.

Nieman DC, Henson DA, McAnulty SR, McAnulty L, Swick NS, et al.
(2002) Influence of vitamin C supplementation on oxidative and
immune changes after an ultramarathon. ] Appl Physiol 92: 1970-1977.

Wintergerst ES, Maggini S, Hornig DH (2007) Contribution of selected
vitamins and trace elements to immune function. Ann NutrMetab
51(4): 301-323.

This work is licensed under Creative
@ @ Commons Attribution 4.0 License
DOI: 10.19080/NFSI].2017.04.555629

10.19080/NFS1J.2017.04.555629.

21

22.

23

24.

25.

26.

. Wintergerst ES, Maggini S, Hornig DH (2006) Immune-enhancing role

of vitamin C and zinc and effect on clinical conditions. Ann Nutr Metab
50(2): 85-94.

Mancuso C, Scapagini G, Curro D, Giuffrida Stella AM, De Marco C, et
al. (2007) Mitochondrial dysfunction, free radical generation and
cellular stress response in neurodegenerative disorders. Front Biosci
12:1107-1123.

. Prasertsri P, Roengrit T, Kanpetta Y, Muchimapura S, Thong-un T, et al.

(2012) The effect of acute ingestion of cashew apple juice on cardiac
autonomic function during vigorous exercise in sport players. KKU
Research Journal (Graduate Studies) 12: 50-61.

Peeters E, Neyt A, Beckers F, De Smet S, Aubert AE, et al. (2005)
Influence of supplemental magnesium, tryptophan, vitamin C, and
vitamin E on stress responses of pigs to vibration. ] Anim Sci 83(7):
1568-1580.

Park SK, Tucker KL, O’Neill MS, Sparrow D, Vokonas PS, et al. (2009)
Fruit, vegetable, and fish consumption and heart rate variability: the
Veterans Administration Normative Aging Study. Am ] ClinNutr 89(3):
778-786.

Piccirillo G, Nocco M, Moise A, Lionetti M, Naso C, et al. (2003)
Influence of vitamin C on baroreflex sensitivity in chronic heart failure.
Hypertension 41(6): 1240-1245.

Your next submission with Juniper Publishers
will reach you the below assets
¢ Quality Editorial service
o Swift Peer Review
» Reprints availability
¢ E-prints Service
¢ Manuscript Podcast for convenient understanding
¢ Global attainment for your research
¢ Manuscript accessibility in different formats
( Pdf, E-pub, Full Text, Audio)

¢ Unceasing customer service

Track the below URL for one-step submission

https://juniperpublishers.com/online-submission.php

How to cite this article: Piyapong P, Naruemon L.Cashew Apple Juice: Contents and Effects on Health. Nutri Food Sci Int J. 2017; 4(1): 555629. DOI:


http://dx.doi.org/10.19080/NFSIJ.2017.04.555629
https://www.ncbi.nlm.nih.gov/pubmed/10665998
https://www.ncbi.nlm.nih.gov/pubmed/10665998
https://www.ncbi.nlm.nih.gov/pubmed/10665998
https://www.ncbi.nlm.nih.gov/pubmed/10665998
http://alliedhs.buu.ac.th/images/stories/research/piyapongp/17.pdf
http://alliedhs.buu.ac.th/images/stories/research/piyapongp/17.pdf
http://alliedhs.buu.ac.th/images/stories/research/piyapongp/17.pdf
https://www.ncbi.nlm.nih.gov/pubmed/12569111
https://www.ncbi.nlm.nih.gov/pubmed/12569111
https://www.ncbi.nlm.nih.gov/pubmed/12569111
http://ajcn.nutrition.org/content/72/2/647s.full
http://ajcn.nutrition.org/content/72/2/647s.full
https://www.ncbi.nlm.nih.gov/pubmed/12802807
https://www.ncbi.nlm.nih.gov/pubmed/12802807
https://www.ncbi.nlm.nih.gov/pubmed/12802807
https://www.ncbi.nlm.nih.gov/pubmed/12802807
https://www.ncbi.nlm.nih.gov/pubmed/12802807
https://www.ncbi.nlm.nih.gov/pubmed/11960947
https://www.ncbi.nlm.nih.gov/pubmed/11960947
https://www.ncbi.nlm.nih.gov/pubmed/11960947
https://www.ncbi.nlm.nih.gov/pubmed/17726308
https://www.ncbi.nlm.nih.gov/pubmed/17726308
https://www.ncbi.nlm.nih.gov/pubmed/17726308
https://www.ncbi.nlm.nih.gov/pubmed/16373990
https://www.ncbi.nlm.nih.gov/pubmed/16373990
https://www.ncbi.nlm.nih.gov/pubmed/16373990
https://www.ncbi.nlm.nih.gov/pubmed/17127365
https://www.ncbi.nlm.nih.gov/pubmed/17127365
https://www.ncbi.nlm.nih.gov/pubmed/17127365
https://www.ncbi.nlm.nih.gov/pubmed/17127365
https://www.ncbi.nlm.nih.gov/pubmed/15956466
https://www.ncbi.nlm.nih.gov/pubmed/15956466
https://www.ncbi.nlm.nih.gov/pubmed/15956466
https://www.ncbi.nlm.nih.gov/pubmed/15956466
https://www.ncbi.nlm.nih.gov/pubmed/19158214
https://www.ncbi.nlm.nih.gov/pubmed/19158214
https://www.ncbi.nlm.nih.gov/pubmed/19158214
https://www.ncbi.nlm.nih.gov/pubmed/19158214
https://www.ncbi.nlm.nih.gov/pubmed/12743013
https://www.ncbi.nlm.nih.gov/pubmed/12743013
https://www.ncbi.nlm.nih.gov/pubmed/12743013
https://juniperpublishers.com/online-submission.php
http://dx.doi.org/10.19080/NFSIJ.2017.04.555629

	Title
	Abstract
	Keywords
	Introduction
	Contents of Cashew Apple Juice
	Cashew Apple Juice and Fat Utilization
	Cashew Apple Juice and Oxidative Stress
	Cashew Apple Juice and Immune Function
	Cashew Apple Juice and Cardiac Autonomic Function
	Conclusion
	References

