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ABSTRACT: Objective To explore the optimal formula for Chlorella vulgaris bread and analyze its characteristic
parameters. Methods Three main factors were selected: The addition content of Chlorella vulgaris and water, and
fermentation time. Single-factor test was conducted to explore the effects on bread chroma, specific volume, texture,
and other indicators on Chlorella vulgaris bread. Based on the sensory evaluation results of orthogonal test, the
optimal formula of Chlorella vulgaris bread was determined. The scanning electron microscopy, electronic nose, gas

chromatography-mass spectrometry and ultraviolet spectrophotometer were used to analyze the microstructure of
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gluten, flavor substances, antioxidant properties of Chlorella vulgaris bread. Results The optimal formula for

Chlorella vulgaris bread was 1.0% Chlorella vulgaris addition content, 53% water addition content, and 70 minutes

of fermentation time. The bread prepared by this formula had a specific volume of 3.42 mL/g, hardness of 5.26 N,

resilience of 0.27, cohesiveness of 0.66, springiness of 4.45, adhesiveness of 3.45 N-sec, and chewiness of 14.04. The

1,1-diphenyl-2-picrylhydrazyl free radical scavenging ability was increased by 1.72 times. Meanwhile, the bread had

characteristic flavor compounds and the best sensory evaluation performance. Conclusion

Chlorella vulgaris

powder can enhance the nutrition of bread, endow it with unique color and flavor, which can provide reference for the

application of Chlorella vulgaris in baked goods.
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A H/NER B (B A MR A IR WD), F R B
(BUMNAE EA&EB TR 55 AR ), b (b E LA A R
N, TR (58 T R R A A R, T TR
AT B R 7 (28 B PR B PR A A B A il ); 2 A R G 5 3
FE OB PG 22 10 RAREE D), A9 NTTE .

1L,1I- = 2% 3 -2- = fi§ & 2% B (1,1-diphenyl-
2-picrylhydrazyl, DPPH)( 4l &f 96%) . % {1k #F (4l &
99.95%)( 1182 SR ALBHE R AT B D), 2,27 -BRA-—
(3- 2 K& - 2E I W mk kk -6- T R ) — & b [2,2-azino-
bis(3-ethylbenzothiazoline-6-sulfonic acid) ammonium salt,
ABTS][ZERE 98%, Birhi TRl A AR, L sz
(LERE 99.5%, FEZGEELFAFARAR), HE[EREK,
FERRCHRBHL (P EDA R A,
1.2 ZLWFE

Omega FI I ML (A b BR 26 £F & i HL A B2 ) );
MIWES24 4> [ 1% VR¥2 i & A ( E 1 05 52 50 A PR 2
l); 503GH3Q HLKEY . ZS-001 /K7 EH AL (I T i 3
FRHE A BRZA F]); SR-64 T35 € B AL (RII = R IR A7 B
/A w]); ST3100 pH FH(BLZEHHX #54 FR2 |l ); TMS-Pro #)1:
ML (SEE FTC 22 #]); Evolution220 284 a] L4366 Bt
(G ETEER CHRALERAT B2 H]); CN-LQC2003 H - KP-(Jk
it 0.001 g, RLEIEREF R A BRAF]); FDIA-50
THLAL R B FESL AN AR A FRA R, SU8600 fHiHEER(H
A H A7 E]); BVM-L370 & AR E(Y . C-CELL &t Kl
AT G ML 23 7]); cNose-18 HL - 8h( FHFRF S0 &
JEARRATD; LR 64912C 8 HLM-2T AMEREY (& B H1 8RR
BRIBARH BR A TD); 5975C M - Y (. HP-5 B 41
(60 mmx0.32 mm, 1 pm)(3& B LZHEAR R AT PR ).
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1.3.1 @awsELs
PRI A RE, B 100 g /NEREERY 1.0% . F-RbH
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16g. Webk 1.2 g, WK 6.25 g, LR 0.4 g, XSEW 7.5 ¢.
K 53%IRAG, MR, SREHL—F, AT 3 min; —4Y4
AT 5 min; MIATEH 6 g, —A4WFT 10 min; MMAZZ 1 g,
SRHEAT 4 ming BURTE R, SRSEEEE 5 min; A
100 g/~ ATATAT, BTGB AN, A 37°C, B
85% MM LA, BEA 70 min; LK, HiR 160°C, TR
170°CH#5 il 25 min, ¥ 15 HIAR S/ NEREHA(FAR HZ, T
[/); A /NEREERIFR b2 AL (R FR KB, TR,
132 ¥HEAER

I/ NER BRI (0.0% ., 0.3%. 0.6%. 1.0%. 2.0%.
3.0%). KEIMEMAT%. 50%. 53%. 56%. 59%). WLk
[@(50, 60, 70, 80. 90 min)X]/NERE Ifi fil i S A5 . A
HEZELE T, W EZKT/NRERNE 1.0%, KTE
H 53%, ME&ATE] 70 min,

133 @ aKEFRN

28 GB/T 35869—2018 (ARIMAGIR /N MY A bR
E PR BGHEMUEL ) , 15 AR Ll A S s
HZ 41 KB A IE 1407 E (R ETEMRERR 1), 258
BOF-31E .

T AT R RS g R, R EUNEREE R
(0.6%. 1.0%. 2.0%), MKE(50%. 53%. 56%)FIE %K B
@60, 70. 80 min){Eh AAS G, HATIEACIAIRGR 2), i
15 ZEMEI AL, WITEA40%) . F(GB0%). EiF
(30%) 3 J T4y, LERBOFIE,

*1 HEHNBRETEME

Table 1 Sensory scores of bread
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{8 KAAL, BRI 15-24
HWBEZAKSSS, BoiARtys <15

A S5 30

PR BB T, T 2530
DR ORI, B 1524
W SR, AR <15
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Table 2 Factor levels of orthogonal experiment

s NRBER GRS K% BRI E/min
1 0.6 50 60
2 0.6 53 80
3 0.6 56 70
4 1.0 50 80
5 1.0 53 70
6 1.0 56 60
7 2.0 50 70
8 2.0 53 60
9 2.0 56 80

1.3.4 w7k
()T 3 L 28 AL BRUE (0 52
PRI A, i 3 B 3h J0 #E M =X 21 R 2 3
e A AR (Y, mL), [A) B A (m, ), HLA(P,
mL/g)i 53R P=V/m, E 3 S FFikEdh .
BHERE N 1 em, TN 12 cm? BTE A A iR C-Cell
FLEBRAMAS, RS BRLER R . e 3 A FATRED .
(27K 53
Z: 18 GB 5009.3—2016€ & i e E 5 bniE B ik
SYRIMIGE ) TR, KHRAE 1L 30 5. 7d MTEAE K
TEIE . BL0.5 g FEAN, AT ERH K A0 R S0 2 e
SEEE, M5 3 AR
()AL A 43T
BN, S8k JIEIRNIIT 1000 N,
AR E 43 & 50, 3 60 mm/min, EI5H 1 N, KR
JE 1 em WA ETHLIE T, WEm@iE, ma,
PUSRME . M | BCERTE . PENE RO . U 3 A PATRES .
(MIH 25T
FEE 1 em AR HA BT 3nh A S, MhE
AL H DA SRR L, oL b, 2EH AETTHEAR
(HaF, FAME 3 A AT .
AE" = \/(AL*)Z +(Ad")? +(Ab"? (1)

* * * * * *
Hi, AL=L" isunio—L wane, Aa =a sswno—d s,

AD"=b"jsxsiin—b e o

(5) AT B XU fg L 1 Bh 43 HIF

S g WORTHEMIALRE &, BT 50 mL & H T2 i
s B, Al ARSI A K, BT R R A SR
%, SHOARE N WEFATEYE S min, JEFEETE 90 s, Kk
Wi 1 L/min,

(6) T A P AL AT 1 0

Z: I8 GB/T 39100—2020¢ Z kB4 L1400 2—DPPH A
ABTS #:) i) ABTS A1 DPPH Bl & mitudi A kit
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(7)1 A pH 2

%5 g KBEE T E B T 45 mL ik, DiEEIE#
75 (40 kHz)Ab 3 5 min, BRI REAT pHIE, M%E 3 4-F
TiFEdh

(CESEr 1R

WV VR TR 1 & T AT DD R, W4 e B T
% T L% T AT DT 22 1 O 25

(9) GC-MS 437

Rt A EMEF N HP-5 (60 mmx0.32 mm,
1 pm); iR IRIREE 40°C, {445 2 min J5, LI 5°C/min
F % 180°C, ZJ5FHRZE 250°C, {4 10 min. B HAX,
AN 0.8 mL/min, AL AEE R 250°C, Z17HTH
b 47 min,

S BT R, BFRER 70 eV, B2
RN 280°C, B FIRIREE R 230°C, PUMATIRE N 150°C,
AP VL 35~450 amu.

(10) FT-IR 4347

BB AT E A S I HE I 50 g, SR B E S
BT, MG 80 B FREL 0.05 g M dh5 50 g T
TR TS P J5 TR, i FT-IR B4 742 I Be 415 (4000
~400 cm ™), FIHEUEL 32

1.4 BIENLE

A SR 3 K, SRR LT (bR w2
FoR, i Origin 2024 4 HIEIE . KA IBM SPSS
Statistics 29.0.2.0 ¥, HEEEHHE 24 Wrk Kt T 5
FHEAHT

2 GER55H

2.1 PEERAMEXEESRMEN
2.1.1 DERFERETIEEEFG Y0

052 TE L BB PP AR AR 2 —, R TR A T A
TN o AN [) /NERBE S in 2t T 1 S ) R B 22 - 1
FIE7R o AU /INERE 0 T A0 35 1A S BB 4, 5 /INBRBE 1Y T
A RAEE R RIS, BB/ NBEREE S SR, 2 AR R
G 1A).

H12 3 Al HZ iR LA 2 KT KB 4k,
L /N IR A ) B AT TR ), 2 B S o /IR g 1 T
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MURNEREER NN 0.6%0F, L™l a™5 KB 41 B4 B3
E5, RIS AR M aH HEEmw, MET
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INTF 2.0%0F, HUBfEE S ERIEINWIAS K, B R R
HH /INBR S S 0 e T Y B A B S . DA b AR
fb, FER/NREAGTHEFENHRRI R, SREPR
MAZ RISHE, 2 AE Wi 6.0 Bf, (EEfFEN B2E5 .

551 1B W], ARECT KB 41, SShn/NeREE (i 1 (58 &
AT

AE*

0 0.7 1.4 2.1 2.8 35
WA/ %
T ATUNEREE S ARSI HIR R0%, 0.3%, 0.6%,
1.0%, 2.0%, 3.0%-
B R F/NERBER IR AL A S L (A) I B (.25 (B)

Fig.1 Photos (A) and total chromatism (B) of bread containing
different amounts of Chlorella vulgaris
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Table 3 Effects of Chlorella vulgaris content on bread chroma

INEREEAY

Y “ b
0 34.96+1.30° 0.82+0.12° 13.85+0.28°
0.3 25.60+£0.20° ~1.67£0.69° 17.37+0.86°
0.6 18.97+0.32° ~5.42+0.18" 22.35+0.53°
1.0 16.67+0.65° ~7.15+0.41° 25.914+0.32%
2.0 11.50+0.42¢ ~11.96=1.44° 27.87+0.55°
3.0 6.84+0.94° ~19.22+0.24¢ 24.16+0.62"

T RSNEG FREAR R 28 57 B35 (P<0.05), % 3~6 [,

2,12 DEERISE QI EFILEE G YR

T, BE 25 S e T T A AR RS I R P R AR AR BB T,
HEE AT AANE . RS, hE 2w, /N
BRER RN 1.0%H), T 254 KB AREAIK 4.2%. 1ALt
ZEFIIRAL B /N Bk e B R BT AR, A Al . R
ZEWHAE/INEREE WM LR R B e P g i B TR R A
AAbhk, PR T A LR, S5, INEREPEAREEL
FEEEN . EWEAEAE, BES/NER T EZSEARM
WA AR VR B VR TR ™ A 2 o v T A P 25 454, S BOH
FHAEFIMEIR, AR SBE TR AR, WAL AR NOL TR
INERTEE A TR K - S0 ALY R AL, v AR, BHL
RAILY oKk, SRR NERILEERE R . B/ NEREER
TINFEAR T AL 7S, E/NBREEE T 7 T a iR iR it
R, B AL ERE R .
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Fig.2 Effects of Chlorella vulgaris content on specific volume and
pulp porosity of bread

2.1.3 ERERWI T O MGk

AL T BB RN, UM 43 o) DL & AR E P fr
AR REE | M | EOEPE SRR bR . T B RIE I R b
551010 R AR O, SN N R M AR E S L TR
IEAHSENT R 4 T, B/ NEREERO VS IR N, ALY
RERE . MEMERME . RCERTE S SETE G RS S R, 5
KB 2= R KA, A/ NREE S it 1L.0%R AL | TH I
P BREMERAL, X 5/NERES R 1.0%0 H ALK
KA HZ HIA R . B 5k 5 KB HEA FRA
5225 THAL I [l 52 P R Sk A A BN BR S D 2
Fhnkass, RTRRIE/NERBEM M T A AR, K ie BIfL
B AR /N, T [ A2 P R int™), -y BRA SRR AT AL, /N
BREES IR 1.0%E T A BT MR i, PRI+ 0.6% .
1.0%. 2.0% 3 MR BEITIREERS SR, DRt

F4 DEKERMENEEREHFE
Table 4 Effects of Chlorella vulgaris content on bread texture
A% WEEE/N [l 52 AR S JBE 1 /(N-sec) WL PR 4
0.0 6.46+0.09" 0.22+0.01¢ 0.63+0.01* 4.04+0.07° 4.04+0.14° 16.33+0.85"
0.3 7.20+0.23" 0.220.00¢ 0.59+0.01¢ 4.06+0.08° 4.56+£0.21° 18.52+1.24°
0.6 7.65+0.23° 0.2440.01° 0.63+0.02" 4.39+0.02° 4.50+0.10° 19.78+0.47°
1.0 5.26+0.37° 0.27+0.01° 0.66+0.01* 4.45+0.03" 3.45+0.20° 14.04+0.78°
2.0 7.200.52" 0.27+0.01° 0.65+0.01" 4.46£0.11%° 4.68+0.39° 20.83+1.86°
3.0 12.16£2.56° 0.27+0.00° 0.620.01° 4.67+0.26* 7.53+1.50" 31.98+4.83

22 MKEXNEERRIIF
221 ek AbE S A ILI 6k

T P H K 4 LA A /K A A B K RFCRASAETE o Ik &
o, A K SR, R S s T R 2% 4
M3 S XK M 45 G IR AR T 2 . th B 3 ml 4,
KR 53%0F, IR A FIBALBR Sk, AT A
WREKR, PINRILEEE S, [ILE Rk, SO
[R5 A A K 43 7T DA TR 6L R IR PR R G 30 VRS, R4
TG ERE R IE ™ A A b, 38 A O T AT A G S R R
P o B AR A B ORI HE H R, 1T T B ALY
JrHE
2.2.2 ek E A 6L R MG R

R 5 AL, BEMDKEE R, EEMREE . bk K
e THEPE R SEREAUE TR S, KR 53%H AT B
W25 WA RN REEA LR AmEE, ik
IR AN mERVEE R, INERRIBOK S, hEE
Fist v A 11 55 22 4 B 1 TR LAY T 2 11 5 K R AR K ARPE A,
W B AR SEIE B e WA R Y S R R A 2, X
TS BRI, NEREE T SR ISR 4E, SRS

TEL 1 5 1 v R T B2, S B AR PR D A T 3 3801
SR FINEL G S PR PR (LR AIC

gi b, JRSEACSRIR IR 3 KK SR 50%
53%. 56%.
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Fig.3 Effects of water addition content on specific volume and pulp
porosity of bread
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Table 5 Effects of water addition content on bread texture
T2/ % /N Iul 42 1 AR b JEFHPE/(N-sec) MEL g
47 11.52+2.48° 0.27+0.03° 0.64+0.01° 4.70£0.15° 7.39+1.16* 34.12+4.38"
50 10.97+0.85" 0.27+0.01° 0.65+0.04° 4.63£0.14 7.03+0.58" 33.07+3.79°
53 5.26+0.37° 0.27+0.01° 0.660.01° 4.45+0.03% 3.45+0.20° 14.04+0.78°
56 5.81+0.60° 0.31+0.01° 0.68+0.01%° 4.38+0.15° 4.1240.39° 18.08+2.16°
59 8.64+0.15° 0.3440.01° 0.71+0.02° 4.57£0.16™ 5.84+0.07° 26.67+1.24°

2.3 AEERTEX E B &R
230 RREELN @ A8 pH Ml

Wit 5 T & (B3 0, 1T A1 pH AR B0 B S
4), TR M B, R ROE WY £, (HHH pH
TR I R3S 70 min J5, T pH T AR, T
REAZTA P B0 T PR R W 0L, AN T 6 1 XU
M

6.00 r

592+

T AlpH
WK W
9 e
[*)} N

5.68 F

I I 1 I 1 1

50 60 70 80 90 100
i &% 15} [1] /min

P14 AN [a] i s et 1) fr) i 1] pH
Fig.4 pH of dough with different fermentation times

2.3.2 K BERT IR @ 6L A A LR B AT F
R, BRI TSR Y R B R TR,
T B, T 1 AR i XU . S WL, B R
B B) B S, TET A0 Y S FL 2 B A L B R g B K, R
& 70 min B AW A IR BRFLOMRINS . K EERTE
T, 2 T BB T R A A SRR T A A AR,
INTRAE ) ST, R R, Btk Rl 2l a

EREE R ANKRE, AR RS54k, 18 B RS RE TR AR,
AT 88 T 30 L 25 B AIK
233 K BRI x; 6L R A6 Fra

TeB B 114 7= < B R T T A 4 AR RE 0 TR Y SR A
SHCEME K, HFR 6 ATHI, KR )X 1A 0 S 280
RN D o PR & BRI, AR R B Rl
PE L THIEME SR 2B R R BRI R 2 S
B T3 PR 25 1 D 285 23 ) 2 PR T T PO I, 2 T A e el
Feep, /INAZ T 5 7K i 0 v A0 Ay P A A K A A R P
Wil 2 TR I TR 84, T 7907 8 1 g 75 T 45 0 4% 25 R 3R
1 AR TS, A . [RIE, 5 1 ) A R
PSR

ZiE, JRSEASIRTG BRI 3 KK A BERT ] R 60,70

80 min,

3.6 @ LA 152
y W LB
Ar {50
32h
go 4 48 °
EOT o =
$ 28 =
2.6 ju ®
24} 142
22— . . . 40
50 60 70 80 90
il 2 B} ) /min

Pl 5 st ) % £, U 2 AL B 3R A 52
Fig.5 Effects of fermentation time on specific volume and pulp
porosity of bread

F6 REERTEIN EE RGN

Table 6 Effects of fermentation time on bread texture

i % B [F] /min T /N [l 52 1 AR 3 R FHPE/(N-sec) NEL I
50 18.61£1.07* 0.240.02° 0.60+0.02¢ 4.63+0.20° 11.23+0.43° 51.98+2.91°
60 11.96+1.16° 0.24+0.01" 0.62+0.02¢ 4.40+0.12* 7.36+0.73° 32.33+2.31°
70 5.26+0.37¢ 0.27+0.01"° 0.66+0.01° 4.45+0.03° 3.45+0.20° 14.04+0.78¢
80 7.05+0.31° 0.30+0.02° 0.69+0.01" 4.13£0.23% 4.86+0.15° 20.08+1.05°
90 5.12+0.82° 0.30£0.02° 0.72+0.03° 3.96+0.10° 3.66+0.57° 14.50+2.40°

T [FWF/ NG G R R 2R 22 57 1835 (P<0.05)
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24 ECGERSAEN
HT LR, /N R IN & (0.6% . 1.0% .
2.0%) . 7K & (50% . 53%. 56%) . & BT [E] (60 . 70, 80 min)
WITIEA LT . REIPMERER RV, /NKE &
1.0% K& 53% . & BERTTE] 70 min Y G0 EE 0 3545 85.44
B PRy o T2 SR B A L2 A ARG 45 SR A A4
R T2 A B TR AL, L R 3.42 mL/g BEEF 5.26 N
mIEPE 0.27. WEM: 0.66. Hi1E: 4.45. FEZiME 3.45 N «sec.
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Table 7 Results of sensory evaluation orthogonal experiment

S - BT
A: INERERD &% B: JKEINE/% C: TR 5[] /min
1 0.6 50 60 69.28+5.75
2 0.6 53. 80 75.01+£6.50
3 0.6 56 70 76.12+5.67
4 1.0 50 80 79.45+7.13
5 1.0 53 70 85.44+4.53
6 1.0 56 60 78.50+5.00
7 2.0 50 70 70.44+4.59
8 2.0 53 60 64.47+6.27
9 2.0 56 80 70.33+5.21
A w1 B Hl ik
an 12 3 ® Hz i {1 30 ® Lz iy
W KB 25 B KB f
20
24 6
P 8 i

& FE

& 6 HZ U KB 2H 1 fo i L 7 5. 75 35 B (A) P E PR 37 15 (B)

Fig.6 Radar images of electronic nose (A) and sensory evaluationof bread (B) in HZ and KB groups
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#*8 HZEF KB AEEHRKME GC-MS 5HER
Table 8 GC-MS analysis of flavor compounds in bread from HZ and KB groups

Ak me HZ 2 it KB 4T f1
{3 B2 B [i2) /min srF= AR % B B5F ] /min s AR
1 1.565 C,HO I 1.584 C,H,O Bz
2 3.480 CsH},0 S 3.480 CsH},0 S
3 3.480 CsH;,0 I 6.567 CsH,40 IEC
4 6.567 CeH 1,0 ECE 9.718 CsH,0 1-2F 4 -3
5 9.718 CsH,60 1-2F -3 13.837 CsH,00 K
(2SS . "
6 12.424 CH,60 [ -2-2F I - 1- I
7 12.424 CsH,60 2\
8 13.474 CsH,60 2,6- —HI AL I
9 13.827 CsH,00 K E
10 32.801 C1oHy0O 1= Jubels
1 4.689 C6H,,0 IEC 4.670 CeH,,0 IEC
2 11.615 CsHO 2R FE 7311 C;H,,0 PR
3 12.024 CsH 1,0 E-2-3F I 9.040 C;HO 2R
4 12.024 C3H,,0 2- = (W) TEE 13.418 CoH,50 T
K 5 13.418 CoH,30 IET-% 16.365 CioH20 S
6 16.365 CioH20 ZEE 20.679 C11Hx0;, B
7 16.756 C1oH;60 B-IRFT R
8 17.936 CyoH 50 J2 2-2- 28 4
9 20.679 CoH 60, BT
10 20.679 C11H0, B
1 6.567 C;H,5CI10, AW BRI C e 14.227 CsH50,P BEER — 2B
2 14.227 CHy50,P WRIR — L Ik 16.161 CioH200, FR MR
3 16.161 CioH20, FIR L1 16.161 Ci13Hy60, +—R LB
4 16.161 C12H40, PR LM 18.894 C11Hx0, TR 1
5 18.894 C1H»0, TR L Ik 20.586 CiHy0,4 TEFLRR T R
LiES 6 20.586 C11Ha004 THEFLER T8 20.679 CoH 40, =T Ky T N R
7 20.679 C;H},0, IS N i 21.497 C1,H0, SRR
8 21.497 C1,H0, PSR LR 21.497 Ci13Hy60, +—R LB
9 24.834 C11H60, ZEURRBERE Y R
10 35.599 C19H350, R IR 5 A i
11 39.346 C15H2605 Xof FF AU Y R R T
1 3.202 C,Hs0, 3R E-2- T 9.886 CsH,,0 FH 2 B 475
. 2 8.937 C7H,0 3- LR
ik 3 11.466 CsH,,0 3-3FJF-2- 1l
4 23.747 Ci3Hy0 B % =T
12 1 10.257 CeH,,0, ECR 10.202 CeH,,0, IEC R
1 11.875 CioHis ﬁﬁ—Z,é—;;%-L&q‘& 3.480 CsH,;,Cl 1-UkE
‘ 2 24.035 CysHx + ik 26.173 Ci6Hs, 1750
ke 3 26.387 CiHzs IEF7SEE 26.350 CiHzs E 7Sk
4 28.255 C7Ha, 8-t 28.237 C7Ha, 8--Ei
5 28.618 Cy7H36 IE+LkE 28.599 Ci7Hs6 EEkE
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Fig.7 SEM images of dough from KB and HZ groups
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Fig.8 FT-IR spectrums of gluten from KB and HZ groups
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