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Abstract
Background and Objective: Potatoes (Solanum tuberosum  L.) are an essential crop and are often eaten after boiling. The objective of
this study was to compare the concentration of chlorogenic, neo-chlorogenic and caffeic acid in the raw and cooked peel, raw and cooked
pulp and the potato cooking water of native Andean potatoes. Materials and Methods: The variety of potato used was the native
Huagalina potato cultivated in the La Libertad Region (Peru). The phenolic compounds were extracted with a 50% aqueous solution of
methanol and 0.5% acetic acid in the pulp and peel separately. The Analysis was performed by UPLC-MS/MS. Nested 3-factor design,
ANOVA and Tukey tests were employed. Results: Cooking induced a change in phytochemical content with pulp values tending to zero,
meanwhile, concentrations in potato cooking water were higher than those reported for cooked pulp, but the raw and cooked peel had
the highest concentration. Conclusion: The phytonutrients leached into the cooking water. Concentration in mg gG1 dw of these
metabolites were reported from highest to lowest: Raw peel, cooked peel, potato cooking water and peeled pulp. Therefore, the
consumption of cooked pulp with cooked peel should be encouraged.
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INTRODUCTION

Chronic non-communicable diseases have become a
worldwide epidemic and produce 71% of annual deaths
globally. Close to 85% of deaths are of people who live in low
and middle-income countries1. To maintain the homeostasis
of our cells it is necessary to include in our diet vegetables that
provide functional elements such as secondary metabolites to
keep us healthy2.

The  potato  (Solanum  tuberosum  L.)  is  a  universal
staple  food,  native  to  Peru,  which  contains  essential
nutrients including protein, fiber, complex carbohydrates
(starch, resistant and non-resistant to digestion)3 and
secondary metabolites. The main phenolic compounds are
chlorogenic acid, its isomer (neo-chlorogenic acid) and caffeic
acid,  which  make  this  tuber  a  source  of  phytonutrients,
with       antibacterial,       antioxidant,       anti-hypoglycemic,
anti-hypolipidemic and anti-carcinogenic properties 4-7.

Due to their high daily dietary consumption, potatoes
contribute 25% of phenolic compounds8-10 putting them in
3rd among phytonutrient contributing foods. However, this
tuber is not eaten raw, like oranges and apples that are in first
and second place respectively, because it needs a cooking
process. This process has already been studied, but there are
discrepancies in the results11,12.

A study of 13 native Andean cultivars reported that
phenolic content was significantly affected by environmental
conditions of the crops but these authors considered that the
most important factor that influenced the variability of
phenolic compounds was the genetic factor of cultivars, the
potato variety13. Other researchers mentioned that the tuber
peel is an important source of phenolic compounds and that
50% of these are found in the peel and adjacent tissues and
decrease towards the center of the tuber14-16.

In Peru, research has been carried out on native Huagalina
potatoes from La Libertad Region, to determine phenolic
compounds in peel and pulp separately: Raw peel and pulp,
cooked peel and pulp and in potato cooking water17-19.

People usually consume the cooked, peeled pulp of
potatoes, not knowing if it is the best source of phenolic
compounds. In India, potato peels are used to treat inflamed
gums and heal burns20 and in Peru, potato cooking water is
considered a traditional medicine according to ancestral
customs.

The aim  of  the  study is to compare the concentrations
of chlorogenic, neo-chlorogenic and caffeic acid of the
Huagalina native potato of La Libertad Region, in raw and
cooked peel; raw and cooked pulp and in the potato cooking
water, to demonstrate scientifically what would be the best
way to consume potatoes in order to take advantage of their
phytonutrients for human health.

MATERIALS AND METHODS

Experimental site: Native Huagalina potato was planted in
December, 2014 and harvested in June, 2015 in 2 locations in
the district and province of Santiago de Chuco, La Libertad
Region-Peru: El Zuro (EZ) (3 750 m.a.s.l) and, Huayatán Alto
(HA) (3 150 m.a.s.l.). The analysis was done from July to
December 2015, in Nubiomol Laboratory-Universidade Federal
Viçosa (Brazil).

Chemical reagents: Pure HPLC grade standards were
purchased     from     Sigma-Aldrich     (USA):     Chlorogenic,
neo-chlorogenic and caffeic acids.

Experimental treatment
Extraction: The following aqueous extraction solution (ES)
was prepared: 50% methanol and 0.5% acetic acid17-19. The
phenolic compounds were extracted from the peel, pulp and
cooking  water  separately:  Raw  peel  (CCEZ,  CCHA),  cooked
peel  (CBEZ,  CBHA),  raw  pulp  (PCEZ,  PCHA),  cooked  pulp
(PBEZ, PBHA) and cooking potato water of lyophilized slices
(SPEZ, SPHA), from whole potato (RPEZ, RPHA).

Analysis  by  UPLC-MS/MS:  Extracts  were  automatically
injected (5 µL) into the UPLC-MS/MS system, an Agilent 1200
Infinity Series equipment coupled to a triple Quadrupole Mass
Spectrometer (QqQ) model 6430 Agilent Technologies.

Statistical analysis: A nested design of 3 factors was applied
with the concentration values of chlorogenic, neo-chlorogenic
and     caffeic     acids:     (1)     Place     of     origin     (EZ,     HA),
(2) Part (peel or pulp),  (3)  Treatment  (cooked  or  uncooked)
in  potato  peel  and  pulp  and  2  factors  for  the  cooking
water    of    the    potatoes:    (1)   Place   of   origin   (EZ,   HA),
(2) Treatment (fresh, lyophilized slices SP and stored whole
potato RP), with 3 replications. The homogeneity of variances
was checked using the modified Levene test, an analysis of
variance (ANOVA) because of significant differences and Tukey
test was applied. All the statistical analysis was performed with
a confidence level of 95%.

RESULTS

Phyto-nutrients in raw and cooked peel: Cooking induced
changes in phytochemical content, the results showed
different concentrations of chlorogenic, neo-chlorogenic and
caffeic acid in raw peel and cooked peel. For potatoes
cultivated in EZ, the concentration of the aforementioned
phytonutrients decreased after cooking. The same happened
for HA, with the exception of neochlorogenic acid (Fig. 1).
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Fig. 1: Chlorogenic, neo-chlorogenic and caffeic acid in   raw
peel and cooked peel of Huagalina potato

Fig. 2: Chlorogenic, neo-chlorogenic and caffeic acid in raw
pulp and cooked pulp of Huagalina potato

Fig. 3: Content of chlorogenic acid, neo-chlorogenic acid and
caffeic  acid  in  potato  cooking  water  of  lyophilized
slices and whole potato

Phytonutrients in raw and cooked pulp: As can be seen in
Fig. 2, the scale of the "y" axis was100 times smaller than the
scale used for the peels in Fig. 1. The raw and cooked pulps
were not a good source of these metabolites. Within this scale,
the highest content of chlorogenic acid was found in the
cooked  pulp  of  HA  (0.023  mg  gG1  dw)  and  the  lowest
value  in  the  cooked  pulp  of  EZ  (0.010  mg  gG1  dw),  both
values tending to zero.

Phytonutrients  in  potato  cooking  water  of  lyophilized
slices  and  whole  potato:  Metabolite  concentrations  in
potato cooking water were higher than those reported for
cooked pulp. The highest concentration of chlorogenic acid
was   found   in   potato   cooking   water   from   SPEZ
(lyophilized  slices)  and  RPHA  (whole  potato)  while  the
highest  values  of  caffeic  acid  are  found  in  lyophilized
slices EZ and HA. Neo-chlorogenic acid values tended to zero
in all cases (Fig. 3).

Nested Anova for peel, pulp and potato cooking water: In all
cases a significant difference was reported for the types of
sources studied. From both localities concentrations of the
metabolites were different in raw peel and pulp, cooked peel
and pulp and cooking water from whole potato and
lyophilized slices (Table 1).

Nested Tukey for raw and cooked peel and pulp: According
to the results, the highest concentrations of chlorogenic acid
was found in the CCEZ (4.768 mg gG1 dw), neo-chlorogenic
acid in CCHA and CBHA (0.879 mg gG1 dw), caffeic acid in the
raw peel of HA and EZ (0.775 mg gG1 dw). The raw and cooked
pulps were the ones with the lowest concentration of these
metabolites (Table 2).

Nested Tukey test for potato cooking water: The highest
concentrations of chlorogenic acid were found in potato
cooking water from RPHA (0.462 mg gG1 dw), neo-chlorogenic
acid  in  RPHA  (0.021  mg  gG1  dw),  caffeic  acid  in  RPHA
(0.094 mg gG1 dw). These values were higher than those found
in the raw and cooked pulp (Table 3).

Table 1: Nested ANOVA results for peel, pulp and potato cooking water
Metabolites Source* Source**   Results
Chlorogenic acid Treatment part (treat) Presentation origin (pres) Significant difference 
Neochlorogenic acid Part (treat) origin (part, treatment) Presentation origin (pres) Significant difference 
Caffeic acid Treatment part (treat) origin (part, treatment) Presentation origin (pres) Significant difference 
*Peel and pulp: Treatment (treat): Raw-cooked, Part: Peel and pulp, Origin: EZ-HA, **Potato cooking water: Presentation (pres): Freeze-dried slices(SP)-whole potato
stored (RP), Origin: EZ-HA
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Table 2: Nested Tukey, in raw and cooked peel; raw and cooked pulp
Origin (part, treatment) Chlorogenic acid (mg gG1 dw) Neochlorogenic acid (mg gG1 dw) Caffeic acid (mg gG1 dw)
(Raw peel) CCEZ, 4.768a 0.501a,b 0.765a

(Raw peel) CCHA 4.579a,b 0.879a 0.775a

(Cooked peel) CBEZ 3.022b,c 0.480b 0.004c

(Cooked peel) CBHA 2.460c 0.879a 0.505b

(Cooked pulp) PBHA 0.023d 0.002c 0.001c

(Cooked pulp) PBEZ 0.010d 0.001c 0.001c

(Raw pulp) PCEZ 0.000d 0.003c 0.001c

(Raw pulp) PCHA 0.000d 0.002c 0.001c

The averages that do not share a letter are significantly different

Table 3: Nested Tukey test for potato cooking water
Origin (presentation) Chlorogenic acid (mg gG1 dw) Neochlorogenic acid (mg gG1 dw) Caffeic acid (mg gG1 dw)
Whole potatoes (RPHA) 0.462a 0.021a 0.094a

Lyophilized slices (SPEZ) 0.404ª,b 0.020a 0.089a

Lyophilized slices (SPHA) 0.368b 0.013b 0.015b

Whole potatoes (RPEZ) 0.181c 0.006c 0.013b

The averages that do not share a letter are significantly different

DISCUSSION

The results of this research into native Andean Huagalina
potatoes showed that when the peel was cooked, 63% of
chlorogenic acid in the raw peel (4.768 mg gG1 dw = 100%),
was  retained,  8%  was  recovered  in  the  potato  cooking
water  and  only  0.2%  in  the  cooked  pulp.  When  the  peel
was   cooked,   66%   of   caffeic   acid   from   the   raw   peel
(0.765 mg gG1 dw = 100%), was retained, 12% was recovered
in the potato cooking water and 0.13% in the cooked pulp.
The highest concentration of the metabolites studied was
found in the raw peel, cooked peel and the potato cooking
water.  It  is  important  to  mention  that  this  concentration
could be improved by changing the potato/water ratio from
1/3 to 1/2, 1/1. The fact is that when eating peeled pulp a
significant amount of phenolic acid are lost because the peel
is either thrown out as waste or used in animal feed.

It is possible to explain that the higher level of phenolic
compounds in the cooking water rather than in the pulp
occurs during the boiling process when the contact between
the peels and water is more significant. There is a high transfer
of analytes as these are leached into the hot water as the
mechanical action of boiling contributed to a higher leaching
action12. The difference in concentrations for raw peel and
pulp, cooked skin and pulp and potato cooking water could
be assumed to be because of thermal processing that affects
not only chemical composition and physical structure but also
the intake of bioactive compounds. Another reason could be
the different environmental conditions of the crops on the
two sites (HA and EZ). It is important to note that in this study,
the monitoring of weather conditions was not enough to
determine if the different climatic conditions of each locality

affected the concentration of phenolic compounds. Previous
research publications reported that cultivars were significantly
affected by environmental conditions of cultivation, but the
profile of phenolic compounds was the same, only
concentrations varied21-23.

Recent  publications  justified  the  importance  of
consuming both the pulp and the peel of cooked potatoes.
Consuming phenolic and fiber from peel and resistant starch
from the pulp improve the microbiota of the intestine, thus
contributing to gastrointestinal health. These are metabolized
by the bacteria of the intestine raising the levels of short-chain
fatty acid that develop anti-inflammatory properties in the
intestine24-26 and can attack colon cancer cells.27. Drinking
potato fresh juice decreases the clinical impact of peptic
ulcers, which is a problem that affects many people and its
primary cause is infection by Helicobacter pylori  which can
trigger gastric cancer. It has also been demonstrated in vitro
that the potato peel extract has a protective role in the liver
and brain cells against oxidative stress, retaining the levels of
antioxidant enzymes28-30.

Therefore, there is a critical need to raise awareness of the
health benefits of consuming cooked pulp with peel, as well
as to develop programs that encourage the preparation of
meals that include potatoes with their peels and also the
consumption of cooking water. It is also crucial to develop
varieties that are rich in these metabolites and the native
Andean potatoes could be considered to be a rich source of
alleles for the development of modern varieties whose
objective is not only economic but to increase the supply of
phyto-nutrients.  It  is  imperative  to  continue  with  research
on   the   mechanisms   between   potato   consumption   and
its  effects  on  human  health  like  bio-accessibility  and
bioavailability in vivo.

47



Asian J. Sci. Res., 13 (1): 44-49, 2020

CONCLUSION

In this study, the concentration in mg gG1 dw of
chlorogenic, neo-chlorogenic and caffeic acid in the native
Andean Huagalina potato was found to be, from higher to
lower: Raw peel, cooked peel, cooking water and cooked pulp.
The fiber and the phenolic compounds of the cooked peel and
the resistant starch of the cooked pulp improve the action of
these phyto-nutrients which help prevent degenerative
diseases in our organism. That is why it is necessary to
continue with this study in vivo.

SIGNIFICANCE STATEMENT

This study discovered that consuming cooked potato
pulp with peel can be beneficial to prevent degenerative
diseases. This study will help the researchers to uncover critical
areas of bioavailability and bioaccessibility of phytonutrients
for  potato  peel,  pulp  and  cooking  water  that  other
researchers were not able to explore before. Thus a new
theory for the way we should consume cooked potatoes in the
diet may be found.

ACKNOWLEDGMENT

Special thanks for Nubiomol Laboratory-Vicosa Federal
University   (Brazil).   We   are   also   grateful   to   Financing
Agency   for   financial   support   of   related   equipments
(FINEP, CNPq, FAPEMIG).

REFERENCES

1. WHO., 2018. Non communicable diseases. https://www.who.
int/es/news-room/fact-sheets/detail/noncommunicable-
diseases/

2. Berni, R., M. Romi, C. Cantini, J.F. Hausman, G. Guerriero and
G. Cai, 2018. Functional molecules in locally-adapted crops:
The  case  study  of  tomatoes,  onions  and  sweet  cherry
fruits from Tuscany in Italy. Front. Plant Sci., Vol. 9.
10.3389/fpls.2018.01983.

3. Visvanathan,    R.,    C.   Jayathilake,   B.C.   Jayawardana   and
R. Liyanage, 2016. Health beneficial properties of potato and
compounds of interest. J. Sci. Food Agric., 96: 4850-4860.

4. Ross, K.A., 2014. Concepts important in understanding the
health benefits of phenolics in fruits and vegetables:
Extractable & non-extractable phenolics and the influence of
cell wall polysaccharides on bioaccessibility & bioavailability.
Res. Health Nutr., 2: 29-43.

5. Kono, Y., K. Kobayashi, S. Tagawa, K. Adachi, A. Ueda, Y. Sawa
and H. Shibata, 1997. Antioxidant activity of polyphenolics in
diets: Rate constants of reactions of chlorogenic acid and
caffeic acid with reactive species of oxygen and nitrogen.
Biochim. Biophys. Acta (BBA)-Gen. Subj., 1335: 335-342.

6. De Sotillo, D.V.R. and M. Hadley, 2002. Chlorogenic acid
modifies plasma and liver concentrations of: Cholesterol,
triacylglycerol and minerals in (fa/fa) Zucker rats. J. Nutr.
Biochem., 13: 717-726.

7. Meng, S., J. Cao, Q. Feng, J. Peng and Y. Hu, 2013. Roles of
chlorogenic  acid  on  regulating  glucose  and  lipids
metabolism:  A  review.  Evidence-Based  Complement.
Altern. Med., Vol. 2013. 10.1155/2013/801457.

8. Chun,  O.K.,  D.O.  Kim,  N.  Smith,  D.  Schroeder,  J.T.  Han  and
C.Y. Lee, 2005. Daily consumption of phenolics and total
antioxidant capacity from fruit and vegetables in the
American diet. J. Sci. Food Agric., 85: 1715-1724.

9. Camire,   M.E.,   S.   Kubow   and   D.J.   Donnelly,   2009.
Potatoes   and   human   health.   Crit.   Rev.   Food   Sci.   Nutr.,
49: 823-840.

10. Song, W., C.M. Derito, M.K. Liu, X He, M. Dong and R.H. Liu,
2010.  Cellular  antioxidant  activity  of  common  vegetables.
J. Agric. Food. Chem., 58: 6621-6629.

11. Ezekiel,  R.,  N.  Singh,  S.  Sharma  and  A.  Kaur,  2013.
Beneficial phytochemicals in potato: A review. Food Res. Int.,
50: 487-496.

12. Palermo, M., N. Pellegrini and V. Fogliano,  2014.  The  effect
of  cooking  on  the  phytochemical  content  of  vegetables.
J. Sci. Food Agric., 94: 1057-1070.

13. Andre,  C.M.,  M. Oufir, L. Hoffmann, J.F. Hausman, H. Rogez,
Y. Larondelle and D. Evers, 2009. Influence of environment
and genotype on polyphenol compounds and in vitro
antioxidant   capacity   of   native   Andean   potatoes
(Solanum tuberosum  L.). J. Food Comp. Anal., 22: 517-524.

14. Friedman, M., N. Kozukue, H.J. Kim, S.H. Choi and M. Mizuno,
2017. Glycoalkaloid, phenolic and flavonoid content and
antioxidative  activities  of  conventional  nonorganic  and
organic potato peel powders from commercial gold, red and
Russet potatoes. J. Food Comp. Anal., 62: 69-75.

15. Mattila, P. and J. Hellstrom, 2007. Phenolic acids in potatoes,
vegetables and some of their products. J. Food Compos.
Anal., 20: 152-160.

16. Al-Weshahy,  A.  and  A.V.  Rao,  2009.  Isolation  and
characterization of functional components from peel samples
of six potatoes varieties growing in Ontario.  Food Res. Int.,
42: 1062-1066.

17. Rojas-Padilla, C. and V. Vásquez-Villalobos, 2016. Phenolic
compounds with antioxidant capacity of the native Andean
potato (Solanum tuberosum  L.) Huagalina variety in La
Libertad-Peru. Scientia Agropecuaria, 7: 333-340.

48



Asian J. Sci. Res., 13 (1): 44-49, 2020

18. Rosa, M.D. and P.F. Maupoey, 2017. Book of abstracts.
Proceedings of the International Conference on Food
Innovation, January 31-February 3, 2017, Cesena, Emilia,
Romagna, Italy.

19. Rojas-Padilla, C.R., V.J. Vasquez-Villalobos, C.E. Vital, J.C. Rojas
and N.H. Rios et al., 2019. Phenolic compounds in native
potato (Solanum tuberosum  L.) cooking water, with potential
antioxidant activity. Food Sci. Technol., 39: 66-71.

20. Umadevi, M., P.K.S. Kumar, D. Bhowmik and S. Duraivel, 2013.
Health benefits and cons of Solanum tuberosum. J. Med.
Plants Stud., 1: 16-25.

21. Calliope, S.R., M.O. Lobo and N.C. Sammán, 2018. Biodiversity
of  Andean  potatoes:  Morphological,  nutritional  and
functional characterization. Food Chem., 238: 42-50.

22. Cuéllar-Cepeda,    F.A.,    M.A.    Parra-Galindo,    J.    Urquijo,
L.P.      Restrepo-Sánchez,      T.      Mosquera-Vásquez      and
C.E.    Narváez-Cuenca,    2019.    Influence    of    genotype,
agro-climatic  conditions,  cooking  method  and  their
interactions on individual carotenoids and hydroxycinnamic
acids  contents  in  tubers  of  diploid  potatoes.  Food  Chem.,
288: 127-138.

23. Tian, J., J. Chen, X. Ye and S. Chen, 2016. Health benefits of the
potato affected by domestic cooking: A review. Food Chem.,
202: 165-175.

24. Bibi, S., D.A. Navarre, X. Sun, M. Du, B. Rasco and M.J. Zhu,
2019. Beneficial effect of potato consumption on gut
microbiota and intestinal epithelial health. Am. J. Potato Res.,
96: 170-176.

25. Paturi,    G.,    T.    Nyanhanda,    C.A.    Butts,    T.D.     Herath,
J.A. Monro and J. Ansell, 2012. Effects of potato fiber and
potato  resistant  starch  on  biomarkers  of  colonic  health  in
rats    fed    diets    containing    red    meat.    J.    Food    Sci.,
77: H216-H223.

26. Reddivari,  L.,  T.  Wang,  B.  Wu  and  S.  Li,  2019.  Potato:  An
anti-inflammatory food. Am. J. Potato Res., 96: 164-169.

27. Vanamala, J.K.P., 2019. Potatoes for targeting colon cancer
stem cells. Am. J. Potato Res., 96: 177-182.

28. Alkhatib, A.J., 2018. Crude extract of potato ameliorates
clinical impacts of infection with Helicobacter pylori: Case
study. PSM Microbiol., 3: 64-66.

29. Kujawska,  M.,  A. Olejnik, G. Lewandowicz, P. Kowalczewski,
R. Forjasz and J. Jodynis-Liebert, 2018. Spray-dried potato
juice as a potential functional food component with
gastrointestinal protective effects. Nutrients, Vol. 10, No. 2.
10.3390/nu10020259.

30. Hassan, H.M.M., 2017. Evaluation of protective activity of
potato peel extracts on liver and brain against oxidative
stress. Res. J. Pharm. Biol. Chem. Sci., 8: 685-693.

49


	AJSR.pdf
	Page 1


