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Aroma and baking characteristics of kiwifruit and its bread

fermented by Pediococcus pentosaceus
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Abstract: Objective: This study aimed to explore the effect of Pe-
diococcus pentosaceus J8 fermented kiwifruit on bread baking and
flavor profile characteristics of wheat bread. Methods: The
changes in §-glucosidase enzyme activity, organic acids and flavor
compounds during kiwifruit fermentation were analyzed. The
physical and chemical properties of wheat dough incorporated
with fermented kiwifruit were determined. Moreover, the
changes in total dietary fiber and total amino acid content, bread
quality and flavor characteristics of the resulted bread were also
determined. Results: After 15.5 hours of fermentation, the g-glu-
cosidase activity reached 55.13 U/L, and the content of lactic acid
and acetic acid significantly increased. A total of 110 flavor com-
pounds were detected by GC-TOF/MS in kiwifruit. After fermen-
tation, the content of acids, esters, alcohols and terpenes in-
creased, while the content of aldehydes and ketones decreased.
For the first time, a-angelica lactone, furfuryl acetate and panto-
lactone were found in kiwifruit. In dough, compared with the un-
fermented group, the q-amylase and protease activities increased
by 14.86% and 18.63% , respectively after incorporation of fer-
mented kiwifruit. In bread, compared with the unfermented

group, the hardness (11.58%) decreased, while the soluble diet-
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ary fiber, total amino acids and specific volume increased by
12.54%, 41.02% and 18.59% . respectively. In addition, bread
incorporated with fermented kiwifruit tasted better, had an in-
creased content (27. 78%) and type (45. 10%) of flavor
compounds and a higher overall acceptability than bread incorpo-
rated with unfermented kiwifruit. Conclusion: Fermenting
kiwifruit with Pediococcus pentosaceuscan improve the flavor and
baking characteristics of bread.

Keywords: 3-glucosidase; kiwifruit; flavor; baking properties; e-

lectronic tongue; amino acid
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Table 1 The recipes of bread g
GG INFERY RRBERRRE R BR Ak K N i Bl TREEE
XB 300 0 0 180 1.5 18 12 4.5
WKB 300 90 0 100 1.5 18 12 4.5
KB-J8 300 0 90 102 1.5 18 12 4.5
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(3) {0% . 2 | Sharma %" 7k,
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T8 53 B, B3 MK F Sy P<C0.05,
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Table 2 The cell counts, pH and TTA of kiwifruit

before and after fermentation

FEdh  HEIE/1g(CFU « mL™ 1) pH TTA/mL
WK - 3.52+0.06" 24.33+0.18°
K-J8 8.1440.04 3.29+0.10* 28.4340.07"

T 3 EER R 2R 25 5 5.3 (P <<0.05)
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Figure 1 Changes in p-glucosidase activities during

kiwifruit fermentation
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Table 3 Changes in the content of organic acid mg/mL
FE i FrE R % TR SRR FLIR R
WK 9.98+0.12P 8.4440.31° 1.9840.06" 0.04+0.00% —
K-J8 8.8240.09* 6.734+0.12* 0.85+0.00% 4.7440.02° 0.35+0.02

T B RN A Fom 28 57 B35 (P<C0.05) ,
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Table 4 Effects of fermentation on the volatile flavor of kiwifruit

BE 2438 | 20228 1 A | 5 UUMH

R4 ABREBRRRKLEYSERNRE

; A BLCX10T) ) VT RLCX107)
ES [a<L’] S ALy
WK K-J8 WK K-J8
T 220.88 2 643.82 Tt 188.34 43.02
2- - 1- PR — 328.19 (ED)-2-9F s s 125.42 5.23
1-T W 12.25 35.86 s 5 79 T 78.20 —
-5 97 -3 33.87 28.99 i 3965.21 188.81
3-H 31T —  3810.88 . (E.E)-2.,4-B — it 82.88 10.79
Hent i 196.88 — 77 mm - 21.49
1-1% i 294.59 1 201.37 HE 242.47 54.66
4P H -1 — 19.04 5 $E-2- e g P 148.00 10.15
(E)-2- )% f-1-B¢ - 14.24 2-FR IR 8.80 9.93
1-C A 86.04  1770.03 W 134.83 -
(E)-3-C. F-1-F - 28.55 22 hs 9.49 13 904.10
3 E R 7.61 25.32 YA — 140.64
(E)-2- -1 - 149.84 LRI - 21.34
1-3¢ -3 28.83 48.92 2R T _ 152.85
ML (R)-1-% -2- T it - 119.29 2B TS 71.95 7747
1-BE W — 363.99 2. SR s _ 1677.03
2-2,3-1-0 FF 7.54 6.95 Z i R s . 277.23
1-2F 23.16 74.99 -3 P _ 13.35
3,7- W H-1,5,7-¢ = -3 — 26.68 Z ik ie . 120.46
2,3 — 61.27 52 1 G 49.29 45.99
5t P B 38.78 - y- T W - 8.43
2~ g Y it 75.36 847.85 2 Fh-2-3E 2, H g _ 74.09
I P 3.23 2.72 2% 1% P TG — 2.70
2- H - 3- s - 1- — 27.62
4 18 2- T 91.59 —
7% 9.44 7.48
’ 311 M -2- Tl 68.09 -
E 10.63 29.15 ]
1-(ZBE A -2- N R — 451.34
asasd- = 3-SR H R 2.52 6.47
1- 5 475 -3~ 735.55 20.89
S TR
2-H J- P 128.10 22.26 2.3 0% — 517 B
2- - T 214.72 —
T 2-H -1 )3 05 -3- T 23.96 12.04
s 4002.41 251.42 L
3-2F il — 42.55
(E)-2-T ¥ 487.76 —
TA-2- -3 (2 H ) -1 g i 7.56 10.76
=i 762.02 68.91 || 2%
. 2,3-C 125.82 —
(E)-2-JR I — 2.71
3-¥F-2- T i — 123.58
B (2)-3-C R — 41.24 R TH
,AA ’ - .
P 61.60 31.00 FEAE DI 30.96
3 IE-2- T M 8.24 9.37 12 -3l 197.55 -
Z,d%% — 45.62 44:':] E’3’JE%’Z’QH - 22.42
(E)-2-CV 1 1 564.14 _ 6-H Ht-5- B-2- i 162.48 97.56
F 125.86 6.94 4= F J-4- I -2- TR — 38.90
(E)-2-Pifa e 500.32 25.49 7 T A g — 8.54




&M | Vol.38, No.l

#E BREXEAREABRERNEEESSHBEHENZN

2k 4
WETE AR (X 107) I T AR (X 107)
2 [iax’] N [ax’]
WK K-8 WK K-8
3-H1 -6, 1- 1 B 2, 325K 0 - 1] 14.88 10.18 2- 1 3L I 10.13 —
LR RT3 17.73 26.42 o7, 3k 61.74 25.91
G 3.9 3.90 2~ H: 1k R 15.83 10.55
mxr oCM 6.16 B 2.5 2 3 4 - — 5.28
2.3-3 - 17.19
2(5 H)-1k mij il 19.39 9.67 i 4.30 -
o A R 34.81 17.28 2P HIRI - 480
6.10-— F -5, 9- | — BUK-2- 4 9.38 4,50 || FEfl PUEC-2, 5 HIZE-kig - 38.00
7% _ 136.49 5- TP B -2-nk g Y - 15.04
i &S - _ 37.68 324 -1 TR 0.80 —
Ty o 65.18 T 2K 17 JBR iR — 48.67
2-TE I 13.13 — 1-H -4, 1-H B £ 0 - - 42.58
L D-Fy g Ji 21.34 11.97 2., 5= g Y i 20.96 —
y-AA I 24.37 9.02 5-3 T e 13.64 9.36
R5 BERAEEZERKLE D5 B R KOR A R A SRR AE R LB R R S A B U
Table 5  Statistics of different volatile flavor compounds IAERRBERE P . KIS I dE Kb B H o JE W
in kiwifruit (B A,
et WK K-J8 WK b 32 2 KR A & 4 o I (e, 22 20 Bk
HH R TR0 FhE WETEALCX 107) (B = (-2l (&a FE) Ml (FE),
Wk 18 1156.88 27 11 816.33 B PRI S T REUR TR E C T E MR IERT
WK 19 12 829.32 18 849.04 TR, i K-S RN (&
78S 0 0.00 2 174.17 B 3-HHE-1-TR(FE T CECRE AT . 1O
LEES 16 1570.97 18 948.68 FECRER ) VR TR CE AL A A 2-F BT (&
52k 3 130.73 15 16 922.29 M B OK R E) X &G W 218 F AR E R
[ 58.84 3 86.17 TR F E L HHB B R . OB BR T R BT BB
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TR IR 14 R B R o A IR AR (1 BES ). ECJRUE A TR
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B2 6 W1, 5 WKB A L R I SowE Bk 8 & B
) KB-J8 Yy SDF & RS 7 12.54% , X 5 HA S 1 g-#
R REIRIG G O /- A AT IR R A A B R OK W



E#i# 3 FUNDAMENTAL RESEARCH

BE 2438 | 20228 1 A | 5 UUMH

o i c
23t b ]
i = a
&1 g
® <= 2F
¥ g
£
=2 1k
N
3 g
|
30
XB WKB KB-J8
2151
Group

(b) o -FIEERGE

TREAN TR 2R 22 5 i 3 (P<C0.05)
B2 BHEAOBAY -ZRBEEL o REASRETER

0.551
[
_ 0507 ]
gl b
= - 0450,
= 2
= § 040f
=
ﬁ# 5 0.35F
N |
3
0.30r
25
0.2 XB WKB KB-J8
20 7
Group
(a) o —JEK)BEHEE
Figure 2

ity VT 8 33k 2T 4k W A 26 80/ o 7 il i e 20 IR A
AR R . WKB i 3 e/, B R 4 4 %%
2 Il 55 580 T TR AT T A D) 4% 45 6, AT S Bk SRR ) B
fik. 5 WKB M, KB-J8 Wifu tb 2548 i T 18.59 %, fifi Ji¥
T 11.58% . WINARAERE)S L A L M 72.10 [
% 65.02,a " b {H B FHIN(P<C0.05), AE ¥J K F 6, /]
TR Ak 0 A o BT, B e D L £ B L 3R R B
A Al WU I & R R Bk S T LR — B . 5

The a-amylase activity and a-amino nitrogen content of different kiwifruit dough

KB-T8 w5 v 19 o o Tl A 2 1 TG 6 065 A AR 3 b A T
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27 AENEHMEEREEERSE

HIIEL 3 7T, A X T XB, WKB 8 52 24 25 iR % it
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R 6 AEESBESEITHE

Table 6 Evaluation of the baking characteristics of different breads

FEih  SDF/(g+kg ') TDF/(g-kg 1) HAEmL/g Wi/ g L* a” b AE
XB 7.024+1.23¢ 18.5141.11¢ 6.1540.01"  281.00£4.10" 72.101.66> 6.9241.18* 35.2241.55*  —
WKB 12.12+1.50" 35.6241.41¢ 5.1140.05¢  354.0045.30¢ 66.98-0.47¢ 9.514+0.11> 38.1340.16" 6.43
KB-J8 13.640.81¢ 31.5941.82b 6.06+0.10>  313.00412.00" 65.02--1.10* 9.79+0.49> 38.6440.45"> 8.37
T SDF Jy ¥ P B £ 27 4k s TDF Sy SO £ 2F 48 5 7 8 R 7 88 22 5 3% (P <C0.05) ,
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Figure 3

Free amino acid content of fermented kiwifruit bread



&M | Vol.38, No.l

S VR E S R AT, R AR (AR A
W2 S E ) Y R R AR (s J R &) R
TR CHF A R R e 1R 2 T I XU Ak & 4 i) 3
FAEERDT . KB-JS i 4 2 R R TN R L O R L
R CEPEE R & =1t XB A WKB &, X 5 Fd) i &
B WKB R FF T 2.32 £, # b Ehrlich #4827 % 24 4
R 50 Z R R T Z R e Ao 2- Y - 1-P e L 8- HH k- 1-T
TR O TE T 3X 3l 49y Jo 440 J2 ThT A, v 2 B2 109 XUOR ) I
2.8 EEMBEHEEEEKST

H I 4C) A, WKB Fil KB-J8 1) % {4 8 R 5 A 3
= TN WAL 5Bk A A HLER (9 2R R AT 5 R
) WX GHAE R RO MEREAEREER L. 5
WKB HH L KB-J8 R Mk L if k| 6 Bk | f6f A 35 i, 372 ik A
TR . WKB 5 KB-JS B3t bk BRIk ik 22 R IR T
LR A K T A 7 R UE i e e A0 B e o 10 2 OR A A

sp :
hab c abe
})H AHH h IHH
a c a
\ b
< P
e ojﬂ I il |
=y
® 2 = XB
**é-% -5k b O WKB
= b O KB-J8
a

-10 1 1 1 1 I 1 ]
AUk OERER Rk BBR SRR EBR
ke
Type of taste
(a) HERFFL

#E BREXEAREABRERNEEESSHBEHENZN

2. KB-J8 rhag i & hk (1T 2R 22 R R 5 0 TR v 184 Jn
TR 08 1 28 R R R & SR 5 5 T WK T 6 O [) I 8
AR IR . KB-J8 Ay bR IR ok (H 3L T WKB, 5 H
ARG 25 T IR O WA G, 28 IR A A IR ) R R IR ok
DRI K

IR 4Ch) AT, 3 A0 B 25 DTk 3K 95.96 24, A Sk
FER RT3 E E . XBOWKB Il KB-J8 Fy 8 14025 bR P 78 32
A bR B R X B2 WKB 535 SR AH 5C T KB-J8 &5
LR B SR A O 50 B A TR AR A A TR A A k174 S A0 % T,
PR PR 3R T A B 22 5 (P<<0.05)
29 REMGHESELZERNKLEYESETN

H 5 Ca) FIE 7 AT, 3 4L A LG 102 Fp XUBR 97
BT AL 39 FhEEE 10 RS M 22 FhE 2R 45, XB Ry Fh
FM & R KB-T8 iR A& 3k WKB 4 138 n T
45.10% 1 27.78 %,

-0.5 0.0 0.5
2 T T 110
WKB/ T 10.8
wkB// / i 0.6
3 1 Y KBy Ak |
%‘ 5 WKB 0.4
= H10.2
=S o 0.0
T k|
A XB # BRIE 1 -0.2
XB R 04
L xB KB-J8 7, Bk 7
- B8 . 06
‘ KBS/,
-2 -1 0 1
F 1

PC1(74.89%)
(b) FERH 5T

B 4 B BRAR AR B & 0 R AR R R 5 AT

Figure 4 Taste characteristic and PCA plots of fermented kiwifruit bread bread
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Table 7 The content of bread flavor compound

i 2 La&Y SR
XB WKB KB-J8
B REFH 257.00+7.34>  229.50+7.74* 302.70+2.92¢
2.3 T B 3E-1- — — 0.434:0.02 —
2-Z IR T BE - — - 0.92+0.02
2-H JE-1- N B MR EEF 3.2740.01% 3.9740.07*  16.2140.13¢
31 HE-1-T i FENH 68.390.12°  90.2641.29> 126.702-0.98¢
1-3% it RE — 0.7340.03° 2.1640.02¢
BEYE 5-HHJE-2- P - 0.47-+0.082 — 1.584-0.04b
1-C HERE 8.280.12*  18.76+0.15¢  16.50+0,13"
N T E 3, 4-C B — 1.0740.03 — —
2-34 i - - — 0.9120.05
DL-2,3-T — & i A 0.804-0.03" 1.5320.08¢ 3.574:0.05¢
DL -8 i BiF — — 38.8141.744  26.5040.92¢
T WA 0.030.02 — —
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gk
i ity QU CEEL
XB WKB KB-J8

Z-2-+ W — — — 1.874:0.02
A T 7.8840.19¢ 9.5940.32" —
2- 14 g FR K56 B — — 2.634:0.08
Z-A- R — 5.4120.08b 6.052-0.01° 3.63420.04°
1,9-T — — — 6.2040.17
i il e TH 5.340.05" 5.1940.05" 4.044-0.06%
A-AUT H IR B - 2.4040.05 — —
2,6-F ZH5-4,5- " — 4.2740.05 — —
(Z2)-2,6-—HH£-2,7-% —H5-1,6- — — 0.2140.01

M R FIE wH 9.5540.12¢ 9.114+0.18¢ 7.90+0.06"
KW B2(EL A 87 192.30+1.05¢ 150.6044.05¢ 135.7040.18"
A-F -2, 31k — — — 2.1740.03
6-(3- 1 3k-3-3F ) M5 3 )-2-F1 k-2, 6-¢
— — 0.8040.01 — —
2-H -6 FP k-1, 7- M -3 - - — 1.11£0.01
1-(3, 7- B 1R I 5 - I - — — 0.224:0.03
3.6- 1 H-3- P - - - 9.4840.15
2,2, 4- = P He-3- TR i R — 3.9140.08 —
3-H J-2- T — 0.6040.03% 1.590.08" 3.6940.054
% i IR IR 41.5342.34*  50.274+1.74>  80.97+2.12¢
2-H AL E @ — — 0.4340.02 —
2-F L B R — 10.7540.21 — —
TR Ng i 18.6974-0.12¢ 8.6143.79*  20.7140.98¢

R 4-F R - 6.744+0.20>  10.144+0.03¢ 1.584-0.022
2-BiFE N IR - — 2.4440.08 —
LR R, g Ui 3.874+0.12*  18.0840.55"  18.54+0.13"
TR 5 g R 5.2140.03% 8.1940.08¢ —
Ea i 14741140 2.5041.07*  10.534:0.03¢
AES T HLIR 3.34740.020 4.1340.02° 3.10+0.12°
(E)-2-Bif BE — — 10.4140.03
T MG AL F 17.9740.01*  20.1040.07"  26.384-0.13¢
(E)-2-3¢ 475 1% IR BL g — — 3.6340.08
R B R — 18.3440.03¢ 2.4040.02°

. H kg iR - - 2.16+0.04
% B R 12.164+0.12¢  17.0040.55>  22,1740.13¢
(E)-2-T-# % AT IHE — 6.3140.08"  10.124-0.05¢
2-F- I BN IR - - 7.8440.15
R e g LT 2.5440.047 4.1340.11° —
(E,E)-2,4-3% — Jis Wt I A — 1.884-0.08" 0.740.02¢
2,30 g — — - 1.81+0.03
I I R - - 1.5340.11
LRI I - 2.2240.02¢  1.1040.02¢ -
TR W AR 13.9940.01%  12.5940.17*  29.0240.13¢

e SFRRPER &+ — 17.0541.12 —
A-F -8 R IR - - - 0.59+0.05
T-M 2 T Gkl - - 1.9340.04
PR TR BB - — 21.0640.13
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gk
ik i URA e e
XB WKB KB-J8

2- 35 B SR R - - — 2.22+0.08
TR [k 2 2.0140.05° 3.9140.01° 6.0310.18¢
THeFLR T Fe AR oS — 5.93+0.08¢ 6.49+0.11¢
8-%% N i ¥ ¥ - - 0.4340.04
T B A i Bt — — 2.8740.06

i 75 TR LRI 1.2540.05° 0.672-0.05° 0.9240.01°
XPAUT B8 LR W R — — — 1.5240.08
O R T B R — 1.40-0.092 2.7540.07"
PR T H R-4-BE A S T TR - 1.28+0.06 — —
1.2- R WA THR — — — 0.88+0.01
AR W T TR - - - 3.8620.11
F R T e £ Wi — — — 1.87+0.08
-3, 5- -2 (3 HD -k I Wi . R 0.53+0.04 — —
32T A — 16.2640.02¢  22.2340.42"
S A 1) WA A 0.4074-0.02° 0.3140.01° 4.2140.02°
L -1 i — 0.082£0.01° 1.22240.07" 0.70£0.03"

_— 2-F H-5- £ F-5-F LR I -2- 0 -1 . AR — 4.830.02 —
2- ¥ B2 B N0 - 1T LTk - — 2.93+0.02
2-¥2 55-3 . 5- T F L BR N -2- 0 - 18 BE¥, HBF — 1.71+0.05° 2.9840.03¢
A5 -2 (3 HD -1k i i — 4.27420.03¢ 2.932420.08" —
5-2, 3 A -3-H Jk-2 (3 H ) -1 I — — — 1.8140.08
3,6 1 — 0.4740.01 — —
Tk - - 5.62+0.14 -
3,5 B it - - - 0.5474-0.04
3 — — 3.54740.07 -
2-FRINEET i - - - 1.35+0.08
B Jt — — — 0.682-0.02
-5k — 1.6640.05 — —

ke l‘ﬁ%‘f - - — 8.1940.12
LR 3 i — 1.590.01 —
1, 4= — 0 - 0.60-0.02 - —
3, 7- -1 I - - - 11.2340.06
2-H3-3-0U I - — 1.7140.072 3.1640.09"
(Z)-5-F He-2-0 4% - — — 3.164-0.07
2.,4-%% I WAE g I 2.2040.09" — 0.64+0.01°
(E)-2-1 4% W, B — 0.730.03 —
2, -2 - 0.8040.04 - -
2- 13 3L 1k I e IR 3.74240.024 2.444-0.12¢ 0.444-0.02%
5- HTJE-3- B bk - — — 1.5840.02

HAl  2-F EL P PR AR THF - - - 5.79+0.13
1 =4k - - — 4.2140.18
2,4-% (1, 1- 3L 2 30 K By - 3.6740.08 — —
LIS B F KA 6.6140.12° 11.1240.25>  15.9140.13¢

T SRR SRR 22 57 3 (P <10.05),
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