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Abstract

This study aim to investigate the quality characteristics and antioxidant activity of Ricotta cheese added with Citrus mir—
cocarpa concentrated solution (CCS) as coagulation agent replacement (C2: citric acid 3%, CCS 2%; C3: citric acid 2%,
CCS 3%). The quality characteristics include the moisture content, protein content, color, pH, water holding capacity
(WHC), viscosity and sensory evaluation. The antioxidant activity experiments include the DPPH scavenging activity and
ferric reducing antioxidant power assay (FRAP). The moisture content of C2 and C3 treatment were significantly lower
than the control (p{0.05). The protein content of Ricotta cheese was significantly increased with an increasing CCS
(£0.05). The pH of C3 treatment was significantly lower than the other treatments (0{0.05), whereas the viscosity was
higher than the other treatments. The DPPH scavenging activity of CCS treated samples were significantly higher than
the control (1X0.05). The FRAP of C3 treatment was significantly higher than the other treatments (¢0.05). Among the
sensory properties of color, flavor, off-flavor, and overall acceptability traits of C3 was significantly the highest value
(1X0.05). These results showed that the citric acid 2% and CCS 3% (C3) treatment was improved the quality character—
istics and antioxidant activity of Ricotta cheese. Therefore, citric acid 2% and CCS 3% were suitable as coagulation agent
replacement for Ricotta cheese.
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A2 g0 fAE, AY, A 5O gIAE Wrfslel 7p EIFE AR VPR RARE SIS Wi p2E oE
A caseinyS STMAA §HL AAT F Y%, APsiol A Fotol FERk Ao} SAS AU glol, Bt A5l &

0

Z3k= FAIECI M (Lee and Nam, 1996), Aol eHF-50] U=
A, g, 714, vElE BE okl glo] o= R
HES] AH|E= AlFo|thKeum, 2019). A 2= =4 7]
e} AA X2} 4 A2E FEEY, 4} F, 84 59
&L HRo] whet SLEE o] TRt R0 2|27t ARE AL QL
THKim et al., 2011).

8/J0] ol AAKCZ thfst &2 AH|EIL Qh(Pizzillo
et al., 2005). SFA|Tt 2]FEF X 2= OF 15%20%2] = A%t
2 9HRAITL Q) hEol] U ANIAES 717 ol 2
0] 91418 X|Yal QJtiBanks, 2004; Ortiz Araque, 2018). ©]
of 1FE A= AES WIsh] Tt A=A AYIFe]
2 7 F= 8 ol8e At 3% vt L2 (Banks et

AA A2 2 QEAQ] I =4 2]FEF X Z(Ricotta cheese)
= 994 754 80C-85CY &2 7F3t H, citric acid,
acetic acid 52| A7t %2 SAAIE 7o) SES Al
Al71L, o% 774 EEE Y5t 5] flsto] 4R ¢ AP

al, 1989), Tl STAZA AHET} W BjEFA) AES
£ 0|83 A0 A%, A0 AUREE WE 4 YT 3
tH Abdel-Razig and Algamry, 2009). oJof w2} Tzl 831
A=A A7 22 HA H7H=9] o8 1E4 A= A x|
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ekt et wekETh

A7t 3 AAH7EQl A=A (Citrus microcarpa)y=
AEFol &ohd, slAH 2 d (hesperidin), DGPP (3',5-di-C-4-
lucopyranosylphloretin) 50| Thg hi=o] Rlo] 4IRS,
et FE. BY A, MAHRA] 59 '] nta
A AtHLou and Ho, 2017). ©]o] @&} Yoong (2006)2 5
A AR A SREZ AAEA717] S8l Z=RRAE 7154 7t
E24] 0]835}990H, Gomez 5(1985)2 ZeH]| 2552
At GAA|ZA olgsto] 7154 ™ AZRE ARt HE Qlok
SERIRE ZEREA] AHS 71548E Ad S SIAEA
e} X 2o]| H835t A= FFE HF fich

webA 2 Atoflxl TlE SIA|ZA] citric acidE 7Rt
S FEF A28} 715/dS Ad ZERHAE SIA|Z o83t BlE
B} 2| 29| F4 BT FAkeksS vl EAlsk, ZeRiAl ¢
HO| Fal hAA|=A] A oAl AHS 25Tt

e H U

SAME A 2|FE} X|= HZE

2 9o ARGH P FEF X209 ThlE ZAlA= 2.5%E 3]
A3} citric acid2} Z=FTHA] UH(Citrus microcarpa concentrated
solution; CCS, pH: 2.30; CIE L*: 46.87; CIE a*: -0.3; CIE b*:
11.10; Chakanfood, Busan, Korea)S ©]-85}3tt. Y0+ 80-
85C Y] &= 71y} SAlo] wyks AAlstyl o, o ot
&L HEgo] ARFEH wHES FHHolal tE control)ofli= €A
F S2ol el citric acid 5%E H7FsHl, C2 AEFol=
citric acid 3%, CCS 2%S A7}5F¥H0H, C3 Aol citric
acid 2%, CCS 3%= A7I5lo] A=E JAA AT 2% A
= WEo] "ol IR dPoE ASFAX F A% 72

2 FEL X R0 B3} Tl =42 AOAC(Association of
Official Analytical Chemists, 1990)530] w2t -5 =R 105T
A7t A xRy, T SRFS KjeldahH o2 245t

Mz 5%

2] 7E} 29 Y AL colorimeter(CR-10, Minolta, Tokyo,
Japan)E ©o]-83s}o] CIE L* Q] WX (lightness), CIE a* ZtQl
2T (redness), CIE b* Q1 S (yellowness)E S35

pH =¥

pH Z4e 25eh X% 4 g3} 554 16 mLE B T,

ultra-turrax(HMZ-20DN, Pooglim Tech., Seoul, Korea)E 0]-&
S 137t 6,991xg0 & ST 1 T {E|%= pH meter
(Model S220, Mettler-Toledo, Schwerzenbach, Switzerland)E
ol-gsto] ZAs3ict.

w4z &Y

oJ1}R|(Filter papers No. 2, GE Healthcare Life Sciences
Whatman™, Marlborough, MA, USA)o|| |FE} A= 5 ¢ 7
A T, gxHo] g7l FYZ EHo| Wil centrifuge(Supra
R22, Hanil, Daejeon, Korea)Z 4C R4 109xgC 2 10&
7+ ARSI 11 & pEo] AEE Am FAE S5t
31, of9] A& B %Z ARESH

] AxBe T glmet 129 2 (g)
we (%)= AR A g =E =9 A (g I
He =8

2]FE} 2|29 AT = 25 mm concentric cylinders7} A&
S A AHE A (MerlinVR, Rheosys, Princeton, NJ, USA)S o|-&
3od 25T Z70A] head speedZ 4xgO 2 AAT F 3% 7H4
0% 6027+ A

DPPH free radical AHs AMr =4

DPPH free radical 245 24 95t AAH= g FEF X =&
3 g1} S5 15 mLE @1 ultra-turrax(HMZ-20DN, Pooglim
tech.)E ©]-85}0] 5,352xg, 20%7F #23t & centrifuge(Supra
R22, Hani) 2 983xg, 4C, 1082] A0 & AARa5c) 5
ZMLO- filter paper(Whatman No. 1, GE Healthcare, Marlborough,
MA, USA)e] oftsto] AH54e 2231910k 33 A5
mL)¥} DPPH A]9K(1 mL)& S35t} A-23173(24C)9] ofF2
oA 3087F WSA|Z1 & spectrophotometer(Optizen 2120
UV, Mecasys, Deajeon, Korea)E ©]-85}] 517 nmoj|A 4%
2 2451900, o8 B9 B Ag Ao olle] A1g B3

HEee HERI:

DPPH free radical (%)=

AR EHIKE)
=

2= (Ferric reducing antioxidant power assay, FRAP) X

2 7E} 2 20] MUY =0 Dudonné 5(2009)2] HHS
0]835}9itt. FRAP A]2FE 0.3 M sodium acetate buffer@} 40
mM HClof| 21 10 mM TPTZ, 20 mM FeCl-& 10:1:1 H|-&
T ZRREF 37C, 1587t RESAIA FHISHITE A52(1 mL)
T} FRAP AJ9K3 mL)y& 33t & 37C 2404 1587t vk
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S

171 3 spectrophotometer(Optizen 2120UV, mecasys)S ©O|-&
sfol 593 mmold] FHES 2Felect

o}

sS4t

e)3e} A120) ke SR panel 2.9 189L T4}
o ZF A2FE=2 A(color), E1](flavor), 2| (texture), TFHEA
(juiciness), ©]d] - ©]F(off-flavor), A& 7]& L (overall accep-
tability)o]] toto] H7istRiet. Zh = et B7h= 103 &
E0S olgelelon, 1038 7P Sk 19 71 ot

o 4 AHE HEIH-

r

SHXE

4elo] 2ok 2 33 o} v Aglslel BiEsow]
AYTE 71 9 AHL BAAE =203 SAS(version
9.3 for Window, SAS Institute, Cary, NC, USA)E 0]-&3}3it}.
BHZAL ANOVAS 53] 2748 gho] e 2L A
Ak, HEFE7HY] 8904 ZJo]= Duncan’s multiple range
tests ©]-&3to] KOS AATIATHp<0.05).

>
58
o
1=
A
ool

=

SAHAAZA CCSE F7Ioto] A x3t 2|5TEt
A 29| UbYEZ UEUSITh 2 9% 574 23, =77t
67.56%, C2 A2 77} 64.24%, C3 2|17} 63.37%= C2, C3
A27F ti2Ttoll Hlsf frojdlor e aE RS HEH
At (p<0.05). A A2 t27F 12.71%, C2 A2+7F
13.52%, C3 A|2|77} 14.05%2] THd oFghS Yehfiglon,
CCS9 71go] 571 Wil e folos 57t
5} th(p<0.05). Mihretie 5(2018)2 SIA|ZA & 25
= ol8ste] A= AR Al AEFEE A7l S/ ©
i ool S7IIRHAL st 2 A At ARSI
T3t Udabage 5(2001)9] ¢1+of] mh2H Zggo]2o0] F71to]
w2} 7Rl o) §a e E STRRIRL Stk o]
2I5t k= ZERhA Yol Zo] 8.4 mg HF-Eo] Utk &
24 Ql=d(Pangerapan et al., 2016), Z=HEA o] S-05 Z5
o7 Qlsto] CCS9| F71ol S7Fdrs 7Rl 9 A &
/ol 7t T ol A5t Ao s AEE, ol
uhet ZERA 9] M7k e 2|5 2|29 ATt 7hs
S Zolgkal whekETh

=5
=N
(¢]
flo
(¢]

ME, pH
CCS7} 3471l 2j57et 2|=29] M2} pH 57 Z¥}H= Table
10| YERHSITE Bt AAE 27 A}, CCs9| 7kl &

Table 1. Moisture contents, protein contents, color and
pH of Ricotta cheese added with Citrus microcarpa con-
centrated solution as coagulation agent replacement

) Treatments
Traits
Control c2Y c3?
Moisture (%) 67.56+2.12° 64.24+0.67° 63.37+1.42°
Protein (%) 12.71+0.35° 13.52+0.23° 14.05+0.14°
CIE L' 89.63+0.06° 88.07+0.06" 86.47+1.02°
Color CIE a" 248+0.05° 2.13+0.23° 1.83+0.06°
CIEb" 11.87+0.32° 16.44+0.06° 17.23+0.15°
pH 5.77+0.03° 5.69+0.03° 5.52+0.06°

All values are mean=SD.

Y C2, Citric acid 3%, calamansi 2%.

2 (3, Citric acid 2%, calamansi 3%.

#°Means on the same row with different letters are signi-
ficantly different (£X0.05).

7FE G030 2 ZAsHtHp<0.05). HHE T =4
A3}, CCS9| H71go] S71drs T gF B3F fojdos
7oAt (p<0.05). Celli 5(2018)9] Ao = S3IA| F
Foll wheha] 2|FEr 2| =29] Mo FokE mFTaL skeich
0|9} SAsHAl CCSQ] MIZ(CIE L*: 46.65; CIE a*: -0.3; CIE
b*: 11.10)°]] kS ol CCSQ] H7kgo] Z718= 2 et
A|=0] M T3k Wt Ao® AlmEch

pH =4 A3k gzt 2 ATt 7ho] 89 ] zjol=

WA 4 QA €3 Hel T e Aol Hs) fold
0 e pH e Uehfoickp<00). o2t pHe| Aol

240l 22) B3} o] s, oF, T 5L 70T-90C
9] 2704 7HET Al 20T ZAof| H|s] Zgol2 E4o]
23% =713}l 5 2 ™(Choi and Cho, 2015), Mishra &
(2005)9] Ao W= 2= AF Al A9 pH7F WO
Zgol29] T B0k A1 B 83l B
yepdtha sigick E3F 7]l TelE2 5521 pH 4.60]
A SH-RAo] 7P st stof(Kim et al., 2011), pH7}
22 C3 A7t w2 A2 FE&S UEW AL, olof wiet A
% %80 953 Aoz AzkEry

B

g 3E} 29| SUYAARA CCSE H7lsle] MRS 7,
Hegl g 27439 Z3k= Fig. 1] YeRRQIT tiRte] Had
ZHe 73.02%, C2 X2to] B4d ZhS 78.16%, C3 X279
Hag R 7831%% SE3oH, A 119 H4go]
2.0]49] zjo|i= Holz| ok} Almena-Aliste 5(2006)2] ¢
Toll =W 2|29 pH7F 355 S22 7HAQ] T o) A
3 AEZ FNA B8-S F7HRIXIHAL sto] 2 A-dnet

Aot A}S Veho), B ATox AzH 2T 229
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Fig. 1. Water holding capacity of Ricotta cheese added
with Citrus microcarpa concentrated solution as coagul—
ation agent replacement. C2, citric acid 3%, Calamansi
2%; C3, citric acid 2%, Calamansi 3%.

pH HIR] 5.52-5.770 M Hepgol] 9 v Hre 83
7H 24 @71 theEel o= woErt wehs CCSE ol8sto]
B|TE} AZE AR A 7129 P3E A20f HpgoA F
o7k WAYsHA| he AEE AxT 5 U Ao Almdr:

e

Fig. 2= SHAIAZA CCSE d7Foto] Al&3t 2|3t} A
29| J=E yehd 3ol M= 54 23, Hix+7F 1.01-
0.16 Pa.s, C2 A 2|77} 2.17-0.42 Pas, C3 A7} 4.92-1.42
PasE YEHHo] C3 A7} o A2l Bl 7 =2
AEE Uehiiglr A2 L2} ol wet HEd] gk
UL 4 Q1= Gigante 5(2006)0] TET W2 pH
2 Ml Azt £ AES UeHIT so] £ A7} 94
ottt E3F AR A e AR o] gl
Monteiro 5(2009)2 pH7} W& 2|29 AL pH/} =& A=
of Hlsf A3o] w2 545 7HITtaL sioitt. wEbA pH7E o

«=J=Control
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Fig. 2. Viscosity of Ricotta cheese added with Citrus
microcarpa concentrated solution as coagulation agent
replacement. C2, citric acid 3%, Calamansi 2%; C3,
citric acid 2%, Calamansi 3%.

279k C2 Aol Hls) Rekd €3 Mol Aol 2
Aos Ayzheick

ik

Ly

DPPH ZiC|Zt AHs, FRAP &Hel=

Fig. 32 CCS7} 7} 2|38t A 22] DPPH =tz 47
7} B0 Uehl TRlolck. DPPH 2jtig 474 24 =
A3, Cose) Ahgo] F1ES Byol folHoE Zvkl
of AL FAE 4 ¢ e ACE UETHp<0.05).
Alonso 5(2002)2 & E2jHlE Tt 4t @42 F A
THAE vepditha siet olef wet CCS Wolls & &7
¥z Fgo| v 5o 7] dleol w2 e UE
e Zo=s gZHEH. 2 A4t fARH =2 555 7|
T A7HEEHA At X 20f| A7zt Giroux 5(2013) E3F &
4lso] SISkt Al HArstl=tl, ofof whet ZTkA] E
g A= AR A 7158 FoIT £ Sle A B2

SAUHAHAZA CCS7} 71=of A2H 2 FEr 229 gl
2(FRAP) 4 23, Hi279] Fd&= 0.68 nm, C2 A2
9] 4% 0.65 nm, C3 A= 0.72 nm= 2712} C2 A
T 7tofl= 59291 Xo| S HolA] egkoLt, €3 AT th
£ Aol v5] £ SI=E UeEh feldoz shdgo]
713t 02 YEhdth(p<0.05). & A7}t AR A=, o
o 2 Y4 B Frste] A2E AxolgE o gdEo] &
7Fotttal shd=tl(Lucera et al., 2018), o|2{3t Aik= 2zt
THAl ol A A T2 Sk= 7R caffeic), FHRAE
(coumaric acid), A|U4ZAKsinapic acid)} Z-2 A SRIE
o] ?Ht&=o] 17| WiZolth(Noor et al., 2018). o]of w} 33l
diAAzA CCSE H7leto] =3 =25 AZsis o
CCS Tol &2 C3 APt w2 ks Ad 7154
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Fig. 3. DPPH radical scavenging activity and ferric
reducing antioxidant power (FRAP) of Ricotta cheese
added with Citrus microcarpa concentrated solution as
coagulation agent replacement. *°Mean on bars with
different letters are significantly different (0€0.05) C2,
citric acid 3%, Calamansi 2% C3, citric acid 2%, Cala—
mansi 3%.
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Table 2. Sensory properties of Ricotta cheese added
with Citrus microcarpa concentrated solution as coagu-
lation agent replacement

Traits Treatments
Control c2" c3?
Color 7.78+0.44>  867+0.71°  8.89+0.60°
Flavor 8.67+1.00° 8.78+0.83® 9.57+0.53°
Texture 856+1.13  8.78+0.67  8.78+0.83
Juiciness 8.44+1.13 8.33+0.71 8.44+0.73
Off-flavor 8.22+0.97° 8.67+£0.50°  9.22+0.67°
Overall 8.17+1.12° 833+0.71°  9.50+0.53°

acceptability

All values are mean=SD.

Likert scale ranging from 1 point (poor) to 10 points

(excellent).

" C2, Citric acid 3%, calamansi 2%.

2 C3, Citric acid 2%, calamansi 3%.

*bMeans on the same row with different letters are
significantly different (¢€0.05).

Table 2= -SIALHAAZA CCSE 719t 2] FEr 2|29
SH7FE UEhd #oloh M FRojlA= C2, C3 A=t
ZFo]| g fojHoE =A UE O™ (p<0.05), F1] &
oM €3 A7 7ol Hlsl FolH o2 A Yeptt
(r<0.05). I} T FROME H2iTE 7ol 394
ol Ho| gigron, ol - o] FEL thaFo] s C3
Ai77 R0 2 ekdthp<0.05). BAH 7155
HE €3 A7t 2 A2l gl we) foldoR we
1S LERARITHp<0.05), ZeTlsh T2 TRRL 552
& YERE g-terpineol, geranyl acetate AJ+0] $HF-&| 0]
W71 gizo] 1] SX9] FA 0= tRt AlFol| HEE7|=
SItH(Nisperos-Carriedo et al., 1992). ESF Z2HEA|9] SHAI:

7h 7] giZo] M FX aNE A —’F Arkar 0}317‘% Ao

H(Yang and Cho, 2007), Z = A
ot FEE71= FHKim et al., 2010). WA F5571
A% FRoH Exo| AT o2 i)

OOF
45

AP SIAAZA CCSE Brfolel AT
et 20 B 9 s B4 Bassit 45 Hsi]
A Cosel le] et 4 el gadislon, gud

279, pH7 Zagiel wet sk 45steict
£ el 550 ol FHE A B, HALE, A

BE a7} Aolg WY, HAYL CCs9 Al] wE
AeF= 119 Folg Ho|x| skt FAkRtedt wHE
DPPH &}z £7%53} FRAP 3H1Z2 CCS9] H7t= QIgH
ksl A3t arE de 4 e, WEE 5 4R
FEJA CCSE AA7Fotos o 953 54 Ueh Ut o]

o &3 YAA|ZA CCSE 3% F7ISHL citric acidS 2% A7}
2 C3 A7 i) F4E B0 9% E4S UER

7] W&o, &1L HAAZA Agst 82 CCSe} citric acid
£ 2V 3%%} 2%E 3715k Zo] v RS o= A
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