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Phenolics flavonoids anthocyanins and antioxidant contents

of baked white and purple waxy corn products
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ABSTRACT: Phytochemical compounds are naturally occurring pigments with claimed benefits. However, these pigments
are sensitive to degradation by high pH, light and temperature. Waxy corn (maize) contains high phytochemical compounds.
Corn snacks are popular snacks, and possibly functional foods with high antioxidant capacities. Therefore, the objective of this
study was to investigate the TPN, TFN, ACN, DPPH-RSA, ABTS-RSA and FCA of white and purple waxy corn processed
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into baked corn products. Dough acidification treatment with fumaric acid was assessed as a means to reduce phytochemical
compounds and antioxidant losses. Purple waxy corn contained higher DPPH-RSA, ABTS-RSA and FCA [2.3, 6.9 mg Trolox
equivalents (TE)/g, and 77 ng EDTA/g] than those of white waxy corn (2.0, 6.2 mg TE/g, and 36 ung EDTA/g); however, it had
lower TPN and TFN levels (1.9 mg GE/g and 1.6 mg QE/g) than those of white waxy corn (2.1 mg GE/g and 1.8 mg QE/g).
White waxy corn did not have a detectable amount of ACN, while purple waxy corn kernels contained 270 pg CE/g. Lime
cooking had the greatest negative impact on the stability of TPN, TFN, ACN, DPPH-RSA, ABTS-RSA and FCA. However, dough
acidification of white and purple waxy corn reduced TPN (5 and 9%), TFN (4 and 4%), DPPH-RSA (5 and 2%), ABTS-RSA
(5 and 6%), and FCA (6 and 12%) losses. Similarly, ACN losses were observed for purple waxy corn kernels when processed
into dough (16%) and baked waxy corn products (13%). Acidified treatment of baked waxy corn products also significantly
reduced microbial growth. Acidified baked purple waxy corn products contained lower amounts of TPC and TFC (1,030 and
25 CFU/g) than those of acidified baked white waxy corn products (3,100 and 26 CFU/g). This study compared phytochemical
compounds and antioxidant contents among corn genotypes and confirmed that dough acidification could reduce TPN, TFN,
ACN, DPPH-RSA, ABTS-RSA and FCA losses.

Keywords: pigment, functional food, corn snack, phytochemical compound
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Table 1 Initial levels (dwb) of total phenolics, flavoniods, anthocyanins, DPPH radical scavenging ability,

ABTS radical scavenging ability, ferrous chelating ability, total plate count, and total fungi count

11,2/

Analysis items

Corn genotypes

White waxy corn Purple waxy corn

Total phenolics (mg GE/g)

Total flavonoids (mg QE/g)

Total anthocyanins (ug CE/g)

DPPH radical scavenging ability (mg TE/g)
ABTS radical scavenging ability (mg TE/g)
Ferrous chelating ability (ug EDTA/Q)

Total plate count (CFU/Q)

Total fungi count (CFU/Q)

2.1+0.1a 1.9+0.1b
1.8%0.1a 1.6+0.1b

nd” 270 £ 20
2.0+0.0b 2.3+0.0a
6.2+0.1b 6.9+0.1a
360 + 20b 770+ 13a
310+ 21a 103 £ 10b
25+ 4a 22 +2a

"Mean + SD obtained from two replications

? Values followed by different letters within rows are significantly different (Duncan multiple range test,

P < 0.05)

¥ nd mean not detected
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(1997) Wuan LﬁfaﬁuLu@“mimiwmium\i%mmﬁ



KHON KAEN AGR.J. 42 (4) : 481-490 (2014)

1INN97 90°C avsinatednslszneuiuean way
AN aINIT0 U TR Lean LT LRI NG Y
Gﬁwi‘wmnﬁmmﬁmﬁmqﬁﬁuﬁw&hwz@mL?w TPN
waz TEN (26 kay 18%) 1nnndndnalnadnqimilen
Aloa (16w 12%) wazgeyida ACN ludnaTwadnamdlen
Falnalszanns 33% wasiaauluduneuniseLusi
(42%) (Table 2) n1sUfuan wuansnuat biunsa
Aahanldileannisgyidonaziiunaunasn
1e9a7s i lmAlAeauazAngNnsalunsF L
pandiadulunansuaidiainaiiiasainnield
annaznanazdaginlansman it AuAsFasnay
(Del Pozo-Insfran et al., 2006) Tadusuanwishinge
ann13gaUlds ACN (17%) wazdalwadnamian
Aslnurueuuis (29%) annisAniugialng
wazn1sdiuaninlmiidunsaues Del Pozo-Insfran
et al. (2007) wWu3IN13grYlAEnas ACN HAdnx
fu ﬁ@ﬂwﬁaﬁum@mLﬁwmmiﬂa:ﬂ@uﬂu@aﬂ
(r = 0.91) LATANNAINITD MINITAIURDNT AT
(r = 0.94) nsdfuaninialdidunsadaaannng
qryide TPN, FVN waz ACN ludiatwe@danouay
Aslnsludnatwannanaug
Imm‘twmmqmummmﬁiﬂﬂ%mmwLﬂu
ﬂi‘@")%@fyl,aﬁ DPPH-RSA ABTS-RSA iay FCA
7423, 13 uay 28% Wwazifinaili 28, 15 uas 46%
TuduneunsenLie 1usilanyfusnmidunas
angryiduaaiilu 18, 8 LAY 22% WAZUAINTDL
wiiaidu 28, 15 way 44% mm:ﬁm@@;mlﬁmm
DPPH-RSA ABTS-RSALAy FCA lulad1qing
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% AN A Ay o
dramtianBainenlignifuanimdunsalseann
15, 11 AT 27% WATUAINITAULTILTZHNU 24, 18
WaY 48% TNINNIINIsgeydenaslanliuanin
Wunsangoududszanns 13, 6 war 12% uay
1520104 17, 9 1A 22% URINTALLIN N1FUFUIANN
aaNARAUTE INAd 1 wTea RN unsAtsan
ﬂﬁi‘@ﬁylﬁﬂ"ﬂ‘ﬂﬁ DPPH-RSA, ABTS-RSA lLlay FCA
Tunisuanle (2, 6 WAZ16%) LATTUABAWNITEL
(7, 10 WAz 26%) l@Andndumneunisnanindining
F19tien &7 (5, 5 AT 6%) LATTUADUNITALIWIA
(6 5 Az 14%) (Table 2) Del Pozo-Insfran et
al. (2006) 1891131 n3dFuannialiidunse
RLANEAIINITNNANE28Y TPN TFN ez ACN lusia
% Y A A = P %
T INAT1 U ANMLAZAT17 eI NAY L6
annsilunsnazdaginld TPN TFN wag ACN
HANNAIAININTY ANEIN9D L UATA Y
a o v v = a al
aanTAtuIaIT19InAd 1uleqdN ez a9
AT Le9aInANaN1sa N3NNI IT A
nIAT3IINBdsTLATIdIaFIaslu (Bily etal., 2004)
AMNAINTNIUNTFN RN TIAT UG RIMA R U
v v = a al
T2 INAT 1N REIAN AL AZEV1Y LT UHAANN
aemlsznavretnauinlaaiuway/isea1siuean
4 N - . o v
nduansaruaanaandiadi taan1vdiniduans

aAa T 4 v e A 2
ﬁ‘@’]sﬁ@W?IWiﬂIﬂTL@uLL@Z@UﬂUﬁNLﬂ@‘V]@@ﬂ“ﬁL@u

(Chang etal., 2001) wazasalaueamlsznaufag
ngulansanda Tauansnauatnisnlunissiug
panTInduUENUNITLAUNNT scavenging WiFa chelating
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Table 2 Retention (%) of total phenolics, flavonoids, anthocyanins, DPPH radical scarvenging ability, ABTS

radical scarvenging ability, and ferrous chelating ability in processed waxy corn products (dough,

bake waxy corn product) as affected by genotype (white, purple waxy corn) and acidification

of dough (reduction of dough by addition of 0.2% w/w fumaric acid

)1/,2/

White waxy corn

Purple waxy corn

Nonacidified Acidifed Nonacidifed Acidifed  Nonacidifed Acidified Nonacidifed Acidified

Retention (%)” dough dough baked baked dough dough baked corn  baked
corn corn product corn

product product product

Toal phenolics 73.8+ 79.0+ 68.1+x19e 743+ 842%+3.1b 932+ 789%x 842+%
3.1d 2.2c 2.2d 4.1a 3.1c 3.2b

Total Flavonoids 821+ 859+ 739+24e 804+ 884%x35b 927+ 805+ 866=
4.1d 1.8c 2.6d 3.8a 3.4d 2.2c

Total Anthocyanins nd” nd” nd” nd”  66.7+21c 833+ 585+ 711%
1.8a 1.6d 1.6b

DPPH radical 770+ 825+ 725+28e 780+ 848%+28b 87.0x 761 826=
scavenging activity 3.2d 2.1c 2.9d 3.2a 2.4d 2.8c
ABTS radical 866+ 918+ 849+£21d 902+ 885+31c 943+ 819%x 914+
scavenging activity 2.5d 3.1b 3.2b 3.4a 2.8e 2.8b
Ferrous chelating 722+ 778+ 556+25e 694+ 727+23c 883% 519+1.3f 77.9%
ability 3.1¢c 2.8b 1.8d 2.8a 2.9b

"Mean + SD obtained from two replications

* Values followed by different letters within rows are significantly different (Duncan multiple range test,

P < 0.05)

¥ Retention (%) calculated from initial concentration in raw kernels

“'nd mean not detected

HATBINTEUIUMSNARADLTNIURAUNT T UaE
ERFINIUNA

WULTNIW TPC way TFC Tunansingidnalne
drwilen@inuduanuia (403 waz 32 CFU/g) Andn
v 24 a al 1 v
dralnadwiiaa@eiauduweuuie (1,376 uaz
44 CFU/g) (Figure 1a,b) wanslsiiudndnalng
dramilendnasiiannannsnlunnsfudaqaurise
Tagandrdnntwadnowiiandane Aniu Ansaniinig
fugliqaunsdaasnaninsidatnadamiaani
AULATUTLLBNTPN, FUN az ACN Hanudusiisg

1 = a ‘ﬂl o =

naRserzrdnaliunesansiueannanaannie

Lmzmlumsﬁu&aaum‘?‘ﬁ (Alberto et al., 2006)
Tneiantzag1efenaninlaanfu-lnalelas
poaulnlaenfuid uansduseiiazanainle
(Kokotkiewicz et al., 2010) n19LENNTANINTA
doailasiunazannisgryiduassansinianiinea
18T uet 19Anasdednalunisannisiiingu
989 TPC waz TFC Tud1alnad1auiladsag
WEBLILIA (520 WAY 25 CFU/g) wazdnalnadnqmilen
dr1qunueuLe (352 uar 28 CFU/g)
IR AT WAy (Figure 1a,b) danAR8ariL
$UANEYR9 Tajkarimi (2011) WUIINTARUNTERNA
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luﬂﬂiﬁuéz\‘if-gﬁuw?ﬁﬂaiwmr] wazluantaz pH i
@m'qm@'aLzﬁumwmmim‘l,umiﬁm%mﬁuﬂﬂ‘
WAZNIIHUBBNTLATY 1T ULALIALIIURS T8
Friedmann (2000) wudﬁ@niiumié’u&ﬂﬁuﬁﬂ’
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yaggsiueanluinnaldauAuAn pH wavianssy
nsfiuEqauYIdaas rowanberries LuNaNIaIN

A a a2 o o o
astlsznaunueAnuaznIaTastnTNNNA lN9ELgY
gaslazsn (Brunnen, 1985)
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Figure 1 CFU/g of total plate count; TPC (a) and total fungi count; TFC (b) in processed waxy corn products

as affected by genotype (white, purple corn) and acidification of productsby addition of 0.2% w/w

fumaric acid. Bars with different letters for each processing treatment are significantly different

(P <0.05).

a9

2 o 1 = 3 a
AZERAENLN Ansvinaneansinineiines

TUse NI NTUABUNITHNA VA NIILAZNITDL I
nnsgayideiunns TPN, TFN, ACN, DPPH-RSA,
ABTS-RSA uaz FCA anasadeldadAny
wWalfuanineandoailiidunse wuanlsuans
Wiu nuaad19Inad1miisonazinfldann
% o N A = o
dralnad1wmilandnag HAnua n1salunisiw

A o Vv 9 P P
aandwndungendndiainadiamiiandeng wesann
ACN Tanu L Fannzdnatnadnowmiiengdag n1senunil
garn7ati ld g U Tamlinaiindsunauanslnin
indnaaLazAnantTRTmEnaesininadamilen
Asinalundninuaisines Aelliiefinasntenuay

A Y o ¥ a a 1% c Y ¥ =
nadenliiugusinananimusidnainad1amiian

o pRp ea >
wazduduansauisnilanuantiAlunisdiu
aandadulazdAnaninlunissnelsnaneas
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