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ABSTRACT

This study investigated how the incorporation of citrus (Citrus unshiu Marcov.) peel
powder (0, 3, 6, and 9 % w/w) influences the antioxidant capacity and phenolic profile
of rice morning bread. Powder addition significantly increased the total phenolic,
flavonoid, and carotenoid contents; 9 % supplementation resulted in a 3.7-fold increase
in the total phenolic content compared to the control. The antioxidant activities measured
by DPPH (2,2-diphenyl-1-picrylhydrazyl), ABTS (2,2"-azino-bis(3-ethylbenzothiazoline-
6-sulfonic acid)), and FRAP (ferric ion reducing antioxidant potential) assays increased
accordingly and were strongly correlated with the total phenolics (r = 0.98, p < 0.05).
High-performance liquid chromatography with diode-array detection analysis quantified
15 phenolic acids and two flavonols. The levels of gallic, vanillic, syringic, chlorogenic,
and trans-ferulic acids, together with rutin and quercetin, increased markedly as
supplementation rose. These results suggest that citrus peel powder can serve as an
effective clean-label ingredient for enhancing the bioactive compound content of
rice-based bakery products, while also offering a sustainable and value-added use for
citrus processing by-products.
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Table 1. Antioxidant activities (DPPH, ABTS, and FRAP) of morning bread supplemented with
different levels of citrus peel powder (Citrus unshiu Marcov.)

(#mol TE/g)
Citrus peel powder DPPH ABTS FRAP
Control 1.83 + 0.07¢ 1.32 + 0.08¢ 3.33 + 0.24¢
3% 291 + 0.07 2.33 £ 0.08 529 + 0.12°
6% 6.12 + 0.03° 5.54 + 0.07° 10.47 + 0.68°
9% 7.37 £ 0.06° 6.77 £ 0.03 1455 + 0.19°
F-value 5,564.0"" 48422 540.8™""

Values represent the mean = SD (n = 3).

Means in the same column with different superscript letters differ significantly at p<0.05 according to Duncan’s

multiple range test.

""p<0.001

& =5

ot A= A2 oA
¥ Z8tEo|=(hesperidin, narirutin 5) 2
HlsAR(ferulic acid, p-coumaric acid §)2+
22 FAst ZRY 7]ojof W Ao & sjMHt
(Li et al. 2006; Gonzalez-Molina et al. 2010).

Hs4d e AFEdEds LA AY
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ol A E4S UEtl=E Zo=® & 4
9lthRice-Evans et al. 1997; Shahidi &
Ambigaipalan 2015). 7154 B4 A7t
AL AFoAME 2 ALt FARE 7ol E—Ti%
v} Qlth. Ceylan et al.(2021)2 SHA| A Bt
AP AESZ A A7t 7164 AlelZoA &
HE & ABTS #HZ 4750 Rodo=
Z71oI92S HAotH o, 3 Wang et al.
(2023)2 "= (Taraxacum mongolicum)©]|
A FE3 SR ot SRIES 8%t 7 A
FolA DPPH ¥ ABTS FAlshso0] dA3] 7hAl
]}40-1,0_9_ ﬁ]—ol‘al—oﬂ]:]-. O]Ei*é‘]— 7331]—.__ /l]‘:'/lé /\XH
o] H7Pt HlEAt S U =N Al AlE

it 71578 Ao o QS SRRt

_1:'1__1:11— ]

2. & BitEL0|E H = JI=E|L0|E S

AEAE BT 0%, 3%, 6%, 9% A7Fst 2
o] & EetEo|t H(umol QE/g) ¥ ¥
712 Eo]= g umol BCE/g)}2 Fig. 19 Y
Bt AEHs Zeti ot 4 7R E ko]
T 3] 2 MUR, o]F BE TS B4
S Foohe 7154 AN E8EI ot E9

Total flavonoids (umol QE/g)
Total carotenoids (ug BCE/g)

~

-0

Control 3% 6% 9%

Control 3% 6% 9%

+ SD (n=3). The different
superscript letters indicate significant differences among

The bars represent the mean

groups according to Duncan’s multiple range test
(p<0.05).
""p<0.001 based on one-way ANOVA for both

total flavonoids and total carotenoids.

Fig. 1. Total flavonoid (umol QE/g, left axis)
and total carotenoid (umol BCE/g, right
axis) contents in rice morning bread
supplemented with 0, 3, 6, and 9%
citrus peel powder.



7FeAEO A A FE AES AU AR
g 249 g SRt dHAkeks el 71
og ¢ Q= 7oz ByHY glov(Hollman
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Fo] 2A5= 7F=2E| 0| =21 B-cryptoxanthin
3} lutein, B-carotene> A8/ FAEsHA|olH,
AHollA vEHTl AR A%Eo] HY 7|5, Al
A 5oz 523 9 3th(johnson 2002;
Rao & Rao 2007). #2d2 53] of=e &
o] FHUL § IsE=E FHEo] Q= FEO
7, AF e F 71548 9REY 77T =

71578 A7FeY] A A8} e At
oA Lee(2015)= HEE 222 H7It 9%
oA EefEwolt FHF F7F E S G40l

2ggol shiel Y A His 2lRlE 290 DIxls g 377

ool FIEISZ HHL, Bing & Chun
(20152 WF o] J7H & #EA 0l=0A
Z Z9dE ¢ SR wolt T7F ZUIet e
DPPH ¥ ABTS &tz &750] =AUt
Hskqiet.

3. & Hi= 3fetE e

Fig. 2= =44 &Y= 0%, 3%, 6%, 9% 5=
TOoE VIRt ARy F He Itotal
phenolic content, TPC, zmol GAE/g)< e}
W Zyjolrt. ZEAd BEe] H7t o] S
of @zt TPC FA7F FstA 715kl
Duncan's B H9] 24 23 A= 2 Fofgt
Ao 7k ERRIE AHp<0.05).

f2+9 & W& 2 596 + 0.16 pmol
GAB/go2 7P Woko, 3%, 6%, 9%= Z+zt
6.67 £ 0.13, 8.83 + 0.20, 10.11 + 0.18
pmol GAE/gO = UEgTh 53] 9%= xR
o] oF 69% =2 TAE H3loH, o= #=EH

12 4

10 4 =

2

Total phenolic content (umol GAE/g)
o
H

Control 3% 6% 9%
The bars represent the mean = SD (n = 3). The
different superscript letters (a—d) indicate the significant
differences among groups according to Duncan’s
multiple range test (p<0.05).

""p<0.001 based on one-way ANOVA.

Fig. 2. Total phenolic content (umol GAE/g) in
rice morning bread supplemented with
0, 3, 6, and 9% citrus peel powder
(Citrus unshiu Marcov.).
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A Zo] Angue] ¥z slgtE
o7 F7HAIR Ag ofn|gith
¥z SRIEZ AEdM s 22 Akt
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(Pandey & Rizvi 2009). 0131
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hydroxycinnamic acid,
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2
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Y HfEt
phenolic acidg& o Fstal 9loH, ol&2
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al. 2006; Gonzalez-Molina et al. 2010). &=
9] 8 M= & F ol hesperidin &2
T8 HEAE 7HA AL o] A 22 12
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22 7154 AF Aol Qo AlE /3 A
o] ket JEE &85t Al AE A 2
5] AP= Q. E5] =HATEAK]erusalem
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4L THAE & Sl RS RIS AA
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4. HPLC-DADE 0|8% Hi=it 3 SetE=2
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HPLC-DADE ©ol-&sto] H&s4t 9 E2tEs
=Y AF BAS AT A=rET(Fig. 3)
I AP A(linearity), AETA(LOD), FFHA
(LOQ), 35&(recovery) H ABAS(C") 5 &
A9 AZ A HEE Table 20 HEFHALE F 1
Z9| HluAt 239 Z2kE=(Rutin, Quercetin
hydrate)2 tiX oz siglon, EEEMNO] o
W= 0.4~32.0 mg/L oA AF= Ut

HE SRS AR )= 0.9973 oL
2, A 53 AAE FHEIGIES E9l
o 4 JAt. E9] Gallic acid, p-Coumaric
acid, Chlorogenic acid, Rutin 59 r* &
0.9999=2 Yeh wl$ =2 A AF=E HS
t}. ol= #471719F 70| Aol AgstA 47

=jglom, theet HsA siikeo] el et &
Alo] 7Rsge 9Ju]gtHICH Q2(R1) 2005).

A&3A(LOD)= 0.08~0.24 mg/L, FH3HA
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Chromatogram A is standards(20 zg/mL each) and chromatogram B Morning—bread containing 9 % citrus peel
powder. Chromatographic conditions are described in the text.

Fig. 3. Representative HPLC-DAD chromatograms of phenolic compounds.
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Table 2. Linearity, sensitivity, and recovery parameters for phenolic acids and flavonols quantified

by HPLC-DAD
Detection Linear ran, libration rrelation  Recover

Compounds e
Phenolic acids
Gallic acid 275 0.4-32  Y=9.58X+0.28 0.9999 88.53 0.12 0.36
Protocatechuic acid 262 0.4-32  Y=8.70X+0.20 0.9999 93.28 0.08 0.24
Protocatechuic aldehyde 275 0.4-32  Y=6.98X+0.52 0.9996 99.12 0.07 0.22
4-Hydroxybenzoic acid 262 0.4-32  Y=6.13X-1.41 0.9998 95.44 0.10 0.30
Gentisic acid 322 0.8-32  Y=0.24X+0.47 0.9986 92.86 0.09 0.27
3-Hydroxybenzoic acid 275 0.4-32  Y=5.95X+0.36 0.9998 99.79 0.08 0.25
Vanillic acid 262 0.4-32  Y=8.40X+0.13 0.9999 93.52 0.11 0.33
Chlorogenic acid 322 0.4-32  Y=9.76X+0.87 0.9991 95.74 0.10 0.31
Syringic acid 275 0.4-32  Y=8.90X+0.11 0.9999 99.86 0.09 0.27
p~Coumaric acid 322 0.4-32  Y=4.68X+0.15 0.9999 98.43 0.09 0.27
Hydroxybenzaldehyde 262 0.4-32  Y=7.66X+0.18 0.9999 97.97 0.11 0.33
trans—Ferulic acid 322 0.4-32  Y=476X+0.17 0.9999 99.29 0.10 0.31
Veratric acid 262 0.4-32  Y=8.53X+0.42 0.9996 97.85 0.08 0.25
Sinapic acid 322 0.4-32  Y=5.58X+0.16 0.9999 99.34 0.07 0.22
trans—Cinnamic acid 275 0.4-32  Y=3.44X-1.71 0.9998 97.66 0.09 0.27
Flavonols
Rutin 262 0.4-32  Y=0.17X-0.11 0.9990 97.82 0.10 0.30
Quercetin hydrate 275 0.4-32  Y=0.19X+1.36. 0.9973 93.48 0.09 0.28

UCalibration equations were obtained by linear regression (n =

5) using standard solutions. In the equations, X

represents the concentration of standard compounds in mg/L, and Y is the peak area measured by HPLC-PDA.
PRecovery values represent the percentage of analyte recovered from spiked samples (n = 3).

9LOD and LOQ were calculated based on the standard deviation of the response (o) and the slope (a) using

the 3.30/a and 100 /a criteria, respectively.

Qtt. o]+ WJEFA ZHd(matrix effect)o] 4
Q7] WEo s weErh

HEA St ES A 84S Fishe
F0 7154 Aros, 1 724 4o et o
gz &7s, 2% ol ZHolA, Tt oA &
SRR EEEER LR
al. 1997; Manach et al. 2004). &3] Z=74
59 EE
o]} ferulic acid, caffeic acid, gallic

l

THRice-Evans et
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acid 59] HsAlo] EAE]o] QJom o]=9] B3}
4 Z-go] FAks} asts FEAHNGonzalez-

Molina et al. 2010).
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gteE oF
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57Hp<0.05)7F = At
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Table 3. Contents of phenolic acids and flavonols (ug/g dry weight) in morning bread supplemented
with citrus peel powder (Citrus unshiu Marcov.) at 3%, 6%, and 9%

Compounds Control 3% 6% 9%
Phenolic acids

Gallic acid 1.36 + 0.044? 196 % 0.05 2.70 + 0.05° 2.87 + 0.08"
Protocatechuic acid 247 + 0.05° 2.67 + 0.05° 2.92 + 0.06 2.99 + 0.09°
Protocatechuic aldehyde ND? ND ND ND
4-Hydroxybenzoic acid 0.86 + 0.02¢ 1.67 + 0.04¢ 2.67 + 0.03° 2.91 + 0.06°
Gentisic acid ND 0.02 + 0.00 0.05 + 0.01° 0.05 + 0.00°
3-Hydroxybenzoic acid ND ND ND ND
Vanillic acid 1.65 + 0.04¢ 7.60 + 0.19¢ 14.95 % 0.40° 16.70 % 0.50°
Chlorogenic acid 0.98 + 0.03¢ 1.40 + 0.03¢ 1.93 + 0.06° 2.05 * 0.05°
Syringic acid 1.38 + 0.04¢ 10.05 + 0.28° 20.76 + 0.46 23.31 + 0.47°
p~Coumaric acid 23.40 + 0.52° 24.02 + 0.54 24.77 + 0.65° 2495 + 0.63°
Hydroxybenzaldehyde ND ND ND ND
trans—Ferulic acid 31.92 + 0.67 38.55 + 0.92° 46.74 £ 147 48.69 + 1.11°
Veratric acid ND ND ND ND
Sinapic acid 2.07 + 0.07¢ 2.97 + 0.07° 4.09 + 0.10° 4.35 + 0.10°
trans-Cinnamic acid 0.08 + 0.00¢ 0.12 % 0.00° 0.16 * 0.00° 0.17 £ 0.01
Total phenolic acid( xg/g) 66.16 91.03 121.74 129.04
Flavonols

Rutin ND 1.29 + 0.03¢ 2.88 + 0.09° 3.26 + 0.08°
Quercetin hydrate ND 4.80 + 0.13¢ 10.74 + 0.22° 12.15 % 0.29°
Total flavonol(xg/g) 0.00 6.09 13.62 15.41

DValues are presented as mean + standard deviation (n = 3).

PDifferent superscript letters within the same row indicate significant differences (p<0.05) according to Duncan’s

multiple range test.
IND, not detected.
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Table 4. Pearson correlation coefficients (r)V and two-tailed p-values? among the antioxidant indices
of rice morning bread fortified with citrus powder

Total DPPH ABTS FRAP Total Total

carotenoids
0.992 (0.008)

flavonoids
0.997 (0.003) 0.997 ( 0.003) 0.998 (0.002) 0.970 (0.030)

phenolics

Total phenolics -

DPPH - - 1.000 (£0.001) 0.991 (0.009) 0.957 (0.043) 0.988 (0.012)
ABTS - - - 0.990 (0.010) 0.955 (0.045) 0.987 (0.013)
FRAP - - - - 0.979 (0.021)  0.993 (0.007)

0.990 (0.010)

Total carotenoids - - - _ _ _

Total flavonoids - - - _ _

YBold values indicate statistical significance at p<0.05 (n = 4, 0, 3, 6, 9 % citrus powder; degrees of freedom = 2).
DValues in parentheses are two—tailed p-values.
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Table 5. Pearson correlation coefficients (r)V and p-values? between individual phenolic acid
contents and antioxidant activities (DPPH, ABTS, FRAP) of rice morning bread fortified

with citrus powder

Phenolic acid

DPPH

ABTS

FRAP

Gallic acid
Protocatechuic acid
4-Hydroxybenzoic acid
Gentisic acid
Vanillic acid
Chlorogenic acid
Syringic acid
p~Coumaric acid
trans—Ferulic acid
Sinapic acid
trans—Cinnamic acid

Total phenolic acid

0.978 (0.022)
0.981 (0.019)
0.979 (0.021)
0.967 (0.033)
0.979 (0.021)
0.979 (0.021)
0.979 (0.021)
0.978 (0.022)
0.979 (0.021)
0.979 (0.021)
0.968 (0.032)
0.979 (0.021)

0.977 (0.023)
0.980 (0.020)
0.978 (0.022)
0.966 (0.034)
0.978 (0.023)
0.978 (0.022)
0.978 (0.023)
0.977 (0.023)
0.978 (0.023)
0.978 (0.023)
0.966 (0.034)
0.977 (0.023)

0.955 (0.045)
0.961 (0.039)
0.956 (0.044)
0.931 (0.069)
0.956 (0.044)
0.956 (0.044)
0.956 (0.044)
0.955 (0.045)
0.956 (0.044)
0.956 (0.044)
0.945 (0.055)
0.956 (0.044)

YBold values indicate statistical significance at p<0.05 (n = 4, 0, 3, 6, 9 % citrus powder; degrees of freedom = 2).

PValues in parentheses are two—tailed p-values.
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