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Study on the Process Optimization of Quinoa Black Medlar Yogurt
and Its Antioxidant Activity

WANG Juan, SUN Ruilin, LIU Xin, XIE Keying, QIAN Zhiwei"

(Department of Food Engineering, Henan Vocational College of Agricultural, Zhengzhou 451450, China)

Abstract: Using quinoa and black medlar as compound additives, the adhesion and sensory scores were used as indicators
to investigate the effects of quinoa slurry, black medlar powder, xylitol and lactic acid bacteria inoculation on quinoa black
medlar sugar free yogurt. For the influence of quality, orthogonal experiment was carried out on the basis of single factor
experiments to optimize the yogurt craft formula, and conduct research on physiochemical indexes, microbiological
indexes, lactic acid bacteria counts and antioxidant activities. Results showed that the optimal processing parameters were
as follows: Guinoa slurry 25%, black medlar powder 1.0%, xylitol 8%, lactic acid bacteria inoculation 1.0%. The yogurt
made under this process had rich aroma of quinoa and black medlar, a sensory score of 93.2 and an adhesion of —2.35 N. At
the same time, the physiochemical and microbiological indexes, lactic acid bacteria counts met the corresponding national
food safety standard for yogurt. The IC5, of DPPH and hydroxyl radicals in quinoa black medlar yogurt were 6.1 and
8.9 mg/mL, respectively, and the scavenging abilities were higher than those of the control group (35.9 and 40.5 mg/mL).
The scavenging ability of DPPH and hydroxyl radical increased in different degrees during storage.
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A, BN 52 My, oA 8 ke &9 .
ST NEWT . T AR IR MR AT 4, BEE R S
BT g s o RU 7 B RR T EFRIMEE &S, b
T W AR R SRR RSy, HA PR
Ak, SO MUAEBEIR . BUideE | I S5 A s P o,
PAMIAC (Lycium ruthenicum Murr.) J2= A0 8 2424
TR, FZESAEFRE PGS A PH AR T X, plisd
JE W SRAAT Sy SR PR AIROR, SRR . 0 iR ER
W MR RS R, HhEAETE R & 8TE
AR FAA Y P AL T RIS, BAA SRR A B IETERREE
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B PEEZLIRR P FDSUBAT PRI SE S 1y i Re s>
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TN s ABERE WiV LAR 2D IR A FR A H]; YO-
MIX883 (FREAEEBR A AN LR I AL FLAT ) FHeEr
SEEED A RAE; SR FUBIHEL (BGLB) R . 45
AhEE P PELT IHERBIE (VRBA) . MC 15353 . MRS 1%
Fekt  dUREr ORI AR AR 1,1- 28 5-2-=
Al 35 28 B (1,1-diphenyl-2-picrylhydrazyl, DPPH)

LI Sigma 23] JoK LB 4EAE R CL il E AL A

TKAG R | AR IV.42%
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1.2.2 BRSNS FE SRR T IR AU EE R LIRS oA
R, gRIE R 120 B, 1592 AR 1Ky, EPEZE
A RASSLIG SR, $2 BEURLK EE 125 (g/mL) i ERBilinst
HoK, 1E 25 °C £5F 12 2 h, 22 15 min 2k, ¥
HUE, FIERDK L 1:4(g/mL)EEK, i 100 &0,
P —E B BEE A . BRAACAS FNACE B A 5]
aizB g, #EPEIA], T 16~18 MPa J& 1 F#9J&, i
R LA ST R IR . Sy ys s B AL SR T
WiJe, R 85 C . 4 20 min IR K. RES
FITR A FLR G 20 2 42 °C . #3109 Fu ks
YO-MIX883 H % A mEF i AR Aa- iR 5L,
P PRI S G450 T 42 °C S R0 K1 7 h, 45
JEIGHR A E 4 °C FHLREE 12 h, KI5 2L Biid
1.2.3 PR  ARPEHISCEEE R, (RRRR Y & B
1R 42 °C M R ENTTE] 7 h AR, Sy B 838 2 0 T8
JiEE . BEMIACA S I . ABEBSAS I . FLIR B R
HEXTEE A AT IR R B TS RN I i . 4%
P2 s L LAJEUREFL . B2 22 3% T BE A AT Y B
100% 3.
1.2.3.1 IR USINR X0 5 T A s FE SRy
AL E IR 1.0%, ARPHEEGSINE 8% M ARG =
1.5% A% F, I B REZ RIS INE N 5%. 10%. 15%.
20%. 25% AT EBE, XF AR TRV E VR FI gk
B3 B RE o
1.2.3.2  BEMyACHY S B X RR WY Sh R A5 E2E
ZITSINE 15%, RPEEEGINE 8% M Fh s n&:
1.5% 2544, I E A B INE N 0.25%. 0.5%.
1.0%. 1.5%. 2.0% #E47 KB, X AR YT TIRCE
PP FIFLRA 7 2 o
1.2.3.3  ABEEEGS IR X R 5 R 52 AEZE S
IR 15%, AR T 1.0% KA Esn
i 1.5% AT, B ARPEEERIE T 5%. 6%.
7% 8% 9% PEA T AT, XF Al PR W5 EA T8 B PEE N
ZhIAE T I RE
1.2.3.4 HFPEINSEXTER DTS BT sEm FEREAE K
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8% MUAMF T, BEEPEFFSIIEN 0.5%. 1.0%. 1.5%.
2.0%. 2.5% PEAT KT, XA Sh R WA TR E PERE
ZHIA 1 I E o

1.2.4 EACIALS AR SIS R, YRR A IR
B . FEAACA S I L . AHHESAS D S BRI
N EEFENR, DUBRE PP AR, 1T Ly(3H) IERL
TG, 254845 DR 320 B A2 FEAAC R W9 5 BT 14 5], 1
ARG R AT UL 1,

1 IERR R 5K
Factors and levels of orthogonal experiment
K%

KT AZE A it BREATACRVR TG CAKERER NG DERM Rk
(%) (%) (%) (%)

Table 1

1 15 0.5 7 1.0
20 1.0 8 1.5
3 25 1.5 9 2.0

1.3 FEZEMRRERTSRITEE
1.3.1 BEVFMbanE  BE e/ 10 B4tk
YN LA, B3 2 Lo 45 o —21, BRI i)
LRI LA BUIRAS | VER . KU 3E TIEAT, B
SEEEAE R e B VR Sy, SPES R 100 43, B
SRMAC R IR E PSR ILER 2.

2 B BRI E AR

Table 2 Sensory evaluation standard of quinoa

black medlar yogurt
WiH i IMEGY)
A 5. TEFLIENTH . TR 20.1~30
HEURES WA 5. A mALENT 10.1~20
YRS . A5 AR E N 1~10
PRSI BRMRZE AN . BRI s 20.1~30
R FUBECANIG . e VL | i o i 10.1~20
FURHLRE | 577 | BRI 1~10
AR WA B &R FWIRACEME  14.1~20
S AR FBAFL AR FORIR, B 8.1~14
TCREA AR IR | TR R FL AR 1~8
HEETREM, AP —3 14.1~20
% B s, 5 —5L 8.1~14
ERET S 1~8

1.3.2 JiAgE ik SRABMAAL, EEEAE N
25.4 mm MERIE BT EHESL A 2.5 kg 78/ 0 ot i3
B3 BE 7 60 mm/min, $24E J1°A 0.050 N, ZEH|
FEESSA 22.00 mm, XTHRARER 13 T E o

1.3.3 HLFNBAEYIFeRME  RYE AL E S
2 4 [ SR E R I FR AR ZL SR, XTI WS g iy St
FEPTEEN P ZLR B KR
P B PR AN EE PR A 0 (AR A BR A R b T T IR
Sy TR o

1.3.4 PrEfbtErgmie 222 BAAC IR W5 Fn )
RS CRESINZEZZ RN BAAD, FHAYHC 7 [RIZESZ JeAh)

PR W AL )7 )AE 0~4 °C 554 I 0. 1. 5. 9.

13, 17, 21 d WERSNILEIRRE ST DL Vo VR BETEXT
&, J14A7E 517 nm 4 DPPH [ L5 EREE 1202
TE 510 nm AbFRIE [ SETEBRAE F12¢0, X i a) i
7 ML RR WA ARG MR AR ST
1.4 HIELIE

IR R T SPSS 19.0 £ Excel 2013 {33
A7538T, F Origin 8.6 #EA il &l . T4 146 4574 1]
E 3 Ko
2 HBRESH
2.1 BFES
2.1.1 FEFIEINEX TR s RIE 1 a]
LIFE H, B A7 MBS B E I AR BT DA bt 2 2
ZEIR AR PRI S BN R A0S Tk, oA S B
ACER WS A ZH R 71 Bt 5 B2 A IS I TR i, i
BBl B A A I BB N 2B Se T R
fIRpka$ . ZEF2IR SNt /b, B3 RIR, P2 hhdr
AT Y BRI wm st B3 SORURAR, e as
T IRDIAZLER; MBI G NS E] 20% B, fiRy)
i R BEZLI B R, A B A D) A, 4240
Wi, 957, JEFLIEMT L, BB PR B i i o WG PE
RSB 15%~25% HF—E0ik.
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90 0.90
& 857 A 170 ~
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Fig.1 Effect of quinoa slurry addition on the quality of yogurt

2.1.2 SEMACHTESIE X IR WY BRI A 2
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95 A
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m 704 =
# 65 1 F 1.50 &
60 —h— !E&E?Ef% L 1.00
55 —e— Zilft 71
50 T T T 0.50
0.25 0.50 1.00 1.50 2.00
SRR (%)
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Fig.2 Effect of black medlar powder addition on
the quality of yogurt
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2.1.3 ABEEEZSINE X RSB sz k& 3 Al
1, Bl AR B I (380, PR i 28 0 AU s
PEA S B0 S = S BRI a3 . AR B I i
R 8% W, BRWITRERIE P, BB PR o ABHIEGS
it /b, BRWER IR, SEARRIE ZEVR, of 22 WIET
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Fig.3 Effect of xylitol addition on the quality of yogurt
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A B S S AR R, R
1.5% B, ZhiBR 0 FBE A543 B e s TR AT S i 2 {IG
ik, LR B r= IR HE 7155, FR W5 % Feist Tl B 1 HAHZUA
Y5y, BRRANE s PRSI e, ZLIR X EvE K
WK S5, FLERFR P =IR AL J15m, K IERT [a) 40, TR S
SRS BRI, U ISR . e YO-MIX883 2
W5 R B R N 1.0%~2.0% BE—1ik.

100 - -~ 4.00
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Fig.4 Effect of lactic acid bacteria addition on the
quality of yogurt

2.2 IEXRE

2 3 FIHL, FECE PEO-E M PEN FE RS, 4 4
Rl X2 2 FEMAC R Wi SR A2 iy~ B>A>D>C,
R B A ACH B8 I >3 22 S I > TR AP s I >R

PEEES NG, i H &8 A3B,C,D,, il T2 &M
SHEE AU INEE 25%, SRAMIACH ARG 1.0%, APE
B iinE: 8%, YO-MIX883 K IEFIINE 1.0%., &
BOE SIS RN IR W B PR R 93.2+0.14 43, Bl
Bff F12R—2.35+0.22 N,

*3RLRMICIRYIE AT EE R
Table 3 Results of orthogonal test of quinoa

black medlar yogurt
ST A B C D RER(43)
1 1 1 1 1 87.2
2 1 2 2 2 90.8
3 1 3 3 3 85.3
4 2 1 2 3 88.5
5 2 2 3 1 92.6
6 2 3 1 2 86.4
7 3 1 3 2 88.9
8 3 2 1 3 91.4
9 3 3 2 1 88.5
k 87.767 88.200 88.333 89.433
k, 89.167 91.600 89.267 88.700
ks 89.600 86.733 88.933 88.400
R 1.833 4.867 0.934 1.033

23 BEXEMCERTIKMAEINER
2.3.1 EETEbR B RMICIR DI LU S] | TR
W, JCFLIEAT Y, CUERAn . BREH HaE v, A A EERL
By B I T S SRR R L RN, S
S]—EA LR,
2.3.2 LRI AEYFerr B MR T RS
PR BEPA . BRRERA . 0 O A BR e VD T QR Y
A, BRALFE AR FIZLIR PR B R S 2 SR DL 3% 4, i
A T2 RIVE B 22 BEAAC R Wy I BRALFE A L ik
A= WBR B M FLIR R 4T A GB 19302-2010 A EFL
B e E RN

4 B BRI KA S 4

Table 4 Results of physiochemical and microbiological
indexes of quinoa black medlar yogurt

KaeI B BEMN (2/100 g) FEHE (g/100 g) R (°T) FLER R (CFU/mL)
P =25 =23 =70 >1.0x10°
W 25 3.87+0.08 3.47+0.11  71.8+0.11 (4.70£1.24)x10’

24 MEMNMHNER

& 5 FIIE 6 TN, 2222 S Ad BR 5 % DPPH
I E 37 B R AR 3L [ i 205 R R 2 v T 6 R R
Wy, TEWTEL 0~13 d, B2 AACER WX W Fh [ b 5k
()T AR 4 B T TR () S S5 T LT Hada A, (0
TN 5B BHIZHT TS o Xof B R g i 0t ps 7] A ZiE
S LI E RGeS R RER UL
2o b PLIR PR R TR AR 0 /NG IR R S0 S5 T P
JEHAT—E WP EALRE T, TREZE FEAAt b = a1
HHEIRIE WEEZE . AL ORI ST UE LY R
i3 2 MAMAC IR W HAT Besim iy A S BRAE T, Bl
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Fig.5 Changes of DPPH radical scavenging activity of yogurt
samples during storage period
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Fig.6 Changes of hydroxyl radical scavenging activity of
yogurt samples during storage period
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