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Abstract: This study aimed to investigate the processing characteristics of Chlorella proteins and their application in ice
cream. Chlorella high-pressure extract was prepared using 25 kpsi cell disruption, followed by ultrafiltration (100 kDa
membrane) or enzymatic hydrolysis-ethanol precipitation to obtain Chlorella purified proteins with 72% (CPP72) and 81%
(CPP81) purity. Their foaming, emulsifying, and rheological properties were systematically compared with those of whey
protein, and the effects of replacing skimmed milk powder with CPP72 on ice cream quality were evaluated. Results
showed that CPP72 exhibited significant functional advantages: at a protein concentration of 4%, its foaming capacity
(76%) and emulsifying activity index (64 m*/g) were 33% and 14% higher than those of whey protein, respectively, and its
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viscosity reached 52242 mPa-s (270 times that of whey protein). In ice cream applications, replacing 20% of skimmed milk

powder with CPP72 enabled a 33% reduction in xanthan gum and monoglyceride usage, while maintaining core product

quality. The hardness (7.8 N), overrun (69%), and sensory score (93.1 points) showed no significant difference from the

control ice cream (P>0.05), and the initial drip time extended from 5 to 10 minutes. This study demonstrates that CPP72 has

excellent foam and emulsion stability, offering a promising alternative to whey protein and reducing dependency on

additives in plant-based ice cream development.

Key words: Chlorella protein; whey protein; ice cream; foaming properties; emulsifying properties; rheological properties;
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0.15%. SEHGZH b, 15 25 R A BA H Fig FH e s b &
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Table 1 Ice cream sensory evaluation criteria

Bzt i (LY

[ERESH I TTEREE/N 14~20

% BRI, R 7~13
PR, Gt & 0~6

WHAFBRAEIE, i RMGE 14~20

U WAtk VR S 7~13
iyl SuRYI 0~6

YK, W, JCH SRR K, AL 14~20

HH AEAE/INDK TS AN R )% 7~13
BRVK L, HEURIRS 0~6

R, T O, B R e 14~20

HAUS FHURAS A sk i, v AR 22 7~13
HERIMOE, L1 BeH R 0~6

FEELE, A K RME 14~20

JFiHh FBRRER 2, D 2% 7~13
Bt R, LA R AL 0~6

1.2.12 HWHEEME 2% Roy 25U iy ik, vKIHIHEY
A 8 38 3ok oA SO R o R AR A ) A Sy
2 mmy/s, MG B8 3 mmy/s, J5 G &S 10 mm/s.
IR FEALN p/6, IR PEES AL EE RN 15 mm, #£5%
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2.1 NEKEERMIEE ST
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WP AR AR E T, L WP A/E SR8, 45551 1

Fras o B il (= 5 (CHPE., CPP72. CPP81,
WP) (P S 7 P R v o P AT Bl 8, 1 0 v 1) T v
T B 48 5 (P<0.05) o M4 TR B2 DA 1% HG iz
4% B, ZLIEE A (WP R MMM 39% W2 FF%E
57%, FEHFEETEM 42% BEIEINZE 64%(P<0.05)
A2, TEAR IR SRS T, CPP72 BYETHIR
Sy B HGEWIME N 44% B3 ETHE 76%, EHFa
FETEM 64% WEIEHNE 91%(P<0.05) . X—FH
AIRENS P2 B R B B i, i AR A SR A
P [ RE B e, SRR T T HIE s A IR A RE T,
M IR EE A B R 2 Y, k4, CPP72 AHER T
FLIG R S R PERE, v e S AR 145
SERNMEFNFL A HIAT oo CPP72 Fh i R R 4T i i
IR R T R RS 2T, O RS o
e RGP i, BEAE T Pt T A 2 AR S T A S
THIAD TR B0 e e 2R FRSE, DTS IR S A B
s ER, MERZ TR, FUE SR A B R IR T,
{HILEIEh &1 p-FLEREE S 8UR 454, RT3
B0, WUTR B FE RE T- CPP723, M S8 /Y
MR IR R E PE LT CPP72.

CPP81 #H Lt CPP72 & B ¥ & AR I i ol 3,
{EFE PR R BT, HOA v M A e R B I
CPP72(P<0.05) . X W] RS H.E5 ARk K T REZH 57
RIS G, CPP81 Lfifffif- L BEUTIESAT, LEEALHE
T BB AR L = 2 454, RERHU/KILH], 155 & 55
THEVE, T80 U R T, BRICHAE A AT

(A) 909 g wp CHPE e
80 1 @ cpP72 & CPP8I

70

~ 60

-~ 50

2 40 o

® 30 B

20 - B

104 [

o 1 B8

PE (%

1 2 4
TR E (%, w/v)

B CHPE ab Aa

(B) 100 1@ wp

FHHTRE (%, wiv)
L1 T B RNl B0 GRS v P Py 52
Fig.1 Effects of protein concentration and purity
on its foaming properties
T (AR (B)EHIAREM:; AIRIRS TR R Al — R BE
ARV BR8] 22 5 1 32 (P<0.05) s A[R/NE P RER R
AN B [ PSR il ] 22 7 fi. 25 (P<0.05), &1 3 [
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A 2 FE 3 pion . 5ELUIE S A FLIRAE E, /s
BRE A FURB IR S UL RR B L E
O TEAHRIER (AR BE T, ASIRISl R /R
T HRI 22 e zLibTERE, R A4l 53k
R R 2 [a] n] GEAFAEAH S, T HAE CPP72 4H R Pl
Mo . MR A E SN 2 mg/mL H i E R A A
10 min B, = Fh/NeREE A FLRERNZLIE 2B F0k
WA T 52 22 AIRES, CUAEIY N 1. SR, B
BEAFEFERZE 1 d 1S d, LIS EAFURE G 1B
SYIEBLG, H CLESHIZ 0.91 F1 0.53; FAHELZ T,
CPP72 ZLARWE 5T Z MR AN, CTAE Sy 5120 1 1
0.92. X AJHE P S ELis & sk R, SEdL
TEZK AL 45 G R8T 80557 28, NmREAIK T 2Lk
o £ 2 mg/mL &4, #& 15 d Jii, CPP81 FLAK
WHY CIAE BT CHPE(P<0.05), X AJfE 5 CPP81
et B Xfi&@??ﬁﬁ“&}iﬁa‘éo B ot
B, 2 BT BERACAR 85 1A 0T — e 444, IR /K S i e
AEAEH, ?ﬁﬂﬁﬁf{ﬂvﬁﬁﬁi A SRk 7 b B A
B, T RRAR LA (RS P, R AR TR R
N 4 mg/mL B, =Fh/NeREE A ZLRIR O ZLALFE £
5 ZLEE AR Y, BT 15 d J5, 3L CLIEA)S
PET 1o X AT HEIE FH T/ Nk e 8 o v B 1 g g
R T AR ST R AH BEAE P, T AL T B R
RE MR BT, A3 8804k T LR RS e . AHEE
T, FUESE AN CHELAETE 15 d )52 0.66, i —
UL T /INER SR RS M T i R

m!!E 'l;
Ll
'j 1w

I # V| ; '
CHPE CPP72 CPPS81 WP CHPE CPP72 CPP81 WP
B2 ek s A B LRI EULE]
Fig.2 Chlorella protein emulsion visual diagram
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Fig.3 Chlorella protein emulsifying index
and emulsifying activity index
TE: (A)FUIRHCEFLLIE R (A R : 2 mg/mL); (B) FLRIK
FLALHE B (B R - 4 mg/mL); (C)FUIRFLALTE J115 %k
(FEFBUREE: 2 mg/mL); (D) FLARMEFLALIE J148 £ (& 1 Bk
B 4 mg/mL),

EAI G 45 B3R, ¥E 2 mg/mL ¥ E T, i
B 15d J&5 CPP72 ¥ EAI {HER KT WP #1MP<0.05),
HAeas ] By INeRvE 2R 1 B I ZLAR T AN I WP, 13X AT
B Kh WP A B HLAT 35 i i 2R G /K M 55 e kgl
Fa), A5 ) T HApRH A 2 2 i K A O e de FL Ak
S, AR AR AR S 25 5 DR 1 SR A sl A T e 34
SPEFLH SRR, EAT BERSA] R R3S 10 CPP72 &
A —E H AT R FLATRR aE ME M AR AR 1A 45 (AT Ek
/NPT, AESER GRS AR P U IR e R LR
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Mo HEEBHE M 2 mg/mL ¥HME] 4 mg/mL, &%
AT EAL{E ) F, Hof CPP72 119 EAI {H ££
10 min J5EA 64 m%/g, CPP72 F1 CPP81 FUZLILIE
WEET WP(P<0.05), RIS F EATEILS
FFLIEPERE RS S e . X AR ER G v A N F 8 R T
PRV IS 25 T T R P AR R A o B v, YRR R T 9 R
Sy ot s, TE I 2EUR R I IEPY, s R
A4 JRE B R, A e /)N, FLIR ke e M
WA 358, A, el B/ Nk AR BT (CPP72,
CPP8 1)+ I I GBUETE s fa LA ASE, JLFL 1k
PERE WL TR AL S, (CHPE), iX Al e T
2l R T T B EIS ) T RIS, TR TR A
SIS RUAR R, DT 2E MR LR R e Pk
2.1.3 WASE
2.1.3.1 ZhME I CHPE. CPP72 Fil CPP81 7F 5%.
10% Al 15% FE A BT B~ I Fh R, 45 1 an &l 4 Jor
No BR 5% 1 CHPE &b, /NER S 1 TV MR I 26 3
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Fig.4 Effects of concentration and purity of Chlorella protein on its viscosity
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Fig.5 Effects of protein concentration and purity of Chlorella on its gel properties
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Fig.7 Effect of Chlorella protein on the viscosity
of its ice cream
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Table 3  Effect of Chlorella protein on the hardness
of'its ice cream (N)
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Fig.8 Effect of Chlorella protein on ice cream expansion
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Fig.9 Effect of Chlorella protein on the melting
rate of its ice cream
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Fig.10 Viscosity of Chlorella protein ice cream
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Table 5 Hardness of Chlorella protein ice cream (N)
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Fig.12 Melting rate of Chlorella protein ice cream
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