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Safety evaluation of pine pollen fermentation products

YANG Chang-Jun', YIN Lei', REN Zhi-Bin', SHI Meng-Lei’, CHEN Si-Si?,
LIN Zhi-Chao?, HUANG Shi-Xin?, HE Jian-Lin®"

(1. Yantai New Era Health Industry Co., Ltd., Yantai 264006, China; 2. Technology Innovation Center for Exploitation of
Marine Biological Resources, Third Institute of Oceanography, Ministry of Natural Resources, Xiamen 361005, China)

ABSTRACT: Objective To study the safety of pine pollen fermentation products and evaluate their toxicology.
Methods The safety of pine pollen fermentation products was systematically studied through acute oral toxicity test in
mice, bacterial reverse mutation test, red blood cell micronucleus test in mice, spermatocyte chromosomal aberration test
in mice, and 28-day oral toxicity test in rats. Results The acute oral toxicity test of pine pollen fermentation products
in female and male mice showed that the maximum tolerated dose was greater than 15 g/(kg-BW), which was classified
as practically non-toxic; the results of 3 genotoxicity tests, including bacterial reverse mutation test, mammalian red
blood cell micronucleus test, and mouse spermatocyte chromosomal aberration test, were all negative; in the 28-day oral
toxicity test, no abnormal changes were observed in the body weight, food intake, hematology, and blood biochemistry
indicators of rats in the 3 dose groups of 0.625, 1.250, and 2.500 g/(kg:BW). Conclusion Under the experimental
conditions and the dose tested, the pine pollen fermentation product showes no acute toxicity or genotoxicity. The no
observed adverse effect level for the 28-day oral toxicity in both male and female rats are at least 2.5 g/(kg-BW).

Therefore, the pine pollen fermentation product is considered to be safe for consumption.
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Table 1 Acute oral toxicity test of pine pollen fermentation products in mice

MRl FlEA(gke) IWEUR Wk /g KUk /g T H R KM Z R R/ (g/kg) T AR REE
I 15 10 24.13+1.17 28.06+2.11 0 >15 1500
i s 15 10 28.69+1.60 35.88+3.06 0 >15 1500
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Table 2 Revertant colony count from the Ames test of pine pollen fermentation product (1st trial)
H TA97a TA98 TA100 TA102 TA1535
ZH 5
Aug/M)  _g9 +S9 -S9 +S9 -S9 +89 —S9 +89 —S9 +S9
0.5 99+10  169+7 2543 3844 1384 1657  232+£14  274+11 6546 66+10
50  109+6 175411 2243 3145 125+19 178+8  229+31  280+14 62+12 7145
ZRY 50.0 112410 192+18 23+1 3842 14310 187x18 20815 28311 6446 60+8
500.0 1104 194+7 2242 3948 14715 180£12 221424  266+16 68+4 64=+11
5000.0 107+3 215422 2342 28+9 141+8 166+11  258+8 265+16 84+37 69+25
ARAb BT R 0.0  119+13 17611 24+4 4242 167+8 1732 22345 283+16 65+14 7724
KX i 100.0 107£18  148+23 29+1 4349 162+89 155415 23516 25943 44+4 3745
DMSO i 100.0  104£11 17312 2742 4346 16620 176+10  243+7 287+11 28+4 3049
-5 10.0 / 906115 / 1804458 / 898+49 / / / /
PR EE 1.0 uL/m. / / / 585492 / 97692 / / /
[N 50.0 30137 / 216428 / / / / / / /
1,8- 32 R 60.0 / / / / / / / 808+107 / /
=2 | 1.5 / / / / / / / / 55612 /
2- 5.0 / / / / / / / / / 267+15
F3 NEHLZEY Ames REMNETEEZHEE 2 X)
Table 3 Revertant colony count from the Ames test of pine pollen fermentation product (2nd trial)
a5 H| 5 TA97a TA98 TA100 TA102 TA1535
/(ug/MM.) -S9 +S9 -S9 +S9 -S9 +89 —S9 +89 —S9 +S9
8.0 10348 182+4 2846 40+6 142411 17448 235422 296%8 5443 60+5
40.0 1057 179+14 2742 4042 128+14  172£11  227+18  294+12 507 62+8
ZiRY) 200.0 108+12  186%9 2543 3746 1369 169+13 21549 288+5 5348 58+11
1000.0  121+11 19312 27+5 38+4 144+12 18247 226414 274422 51+10 63+4
5000.0 11448  204+17 264 3147 14620 178+7 241£16 26535 574 67+5
AL TN HE 0.0 116+16  184+14 2549 38+4 158+18  184+17  235+13 287443 5849 63+8
TR R 100.0  109+14  164+18  28+2 4142 167425  164+10  246+8 268+15  51+2 57+15
DMSO XtHE  100.0 11116  178+16  27+4 4244 159+15  180£15  254+14  276+10  46+7 5142
2-H I 10.0 / 967+84 / 1685+132 / 804+114 / / / /
LA R FI TS 1.0 /I / / / / 605+47 958+74 / / /
[SETIN 50.0 342428 / 245+14 / / / / / / /
1,8-“FHEM  60.0 / / / / / / / 887+53 / /
BAM 1.5 / / / / / / / / 489+58 /
25 5.0 / / / / / / / / / 275421
T ST, % 5~7. 11 A,
=4 NEREESYDROABRBIZAKRER
Table 4 Results of the micronucleus test in mouse red blood cells for pine pollen fermentation products
P51 215 Flit/(g/kg) ¥V A RBC /4 PCE 304~ PCE/RBC/% PCE XU il PCEBUA AR/ %0
s pa: S 0.00 5 1000 710 71.00+6.46 10000 14 1.40+0.55
E e Xk 0.04 5 1000 606 60.60+7.87 10000 166 16.60+8.5%*
i8N 571 = 1.25 5 1000 643 64.30£10.8 10000 16 1.60+0.89
2By 2.50 5 1000 655 65.50+8.34 10000 24 2.40+0.96
[Tk 5.00 5 1000 684 68.40£11.59 10000 19 1.90+0.89
RN R 0.00 5 1000 552 55.20£10.10 10000 15 1.50+1.00
[{ERER ORI 0.04 5 1000 550 55.00+9.81 10000 192 19.20£5.64%*
i N (1571 5o 1.25 5 1000 351 35.10£22.26 10000 24 2.40+1.14
EabiE s 2.50 5 1000 465 46.50+£20.82 10000 29 2.90+1.34
PRk 5.00 5 1000 588 58.80+20.77 10000 38 3.80+2.05

S

X HRA PR, #*P<0.01 Fn HA M E 25, £ 5. 7~9. 11 [,
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fERERZS R4y, WEFFEIE, RILPEERN, WA )
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251 ANEMRBFHARARE, BEZHI W

I3 8 AT UL, AAAER) AT W] TR B ) R Rt
BEAT RO, (UG r R 5 110 S T DR R ey 70
PR R S X IR L B E TR . FIERIASR
FAERS A I B 1 & B R 9.8% A A, TE R B i ol
RARCRTEOLT, EPE R BT SIS S A YR R A

x5 WMIEREE~YI D BREAEDEREEFETHZRAERBERNE)
Table S Effects of pine pollen fermentation products on chromosome aberrations in mouse testicular spermatocytes
(sex chromosome monosomy)

4151 FlHE/(g/kg) LYk N2 200 /A~ PG A AN RS PN R /% P

s iiPOgi 0.00 5 500 16 3.20 /

BH - X} HE 0.04 5 500 36 7.20 0.004%*
AR5 = 1.25 5 500 20 4.00 0.497
Eabi(Ey 2.50 5 500 19 3.80 0.606
TRk 5.00 5 500 20 4.00 0.497

F6 MIEMEE~YINDREAFFEPREEBTHHIEEREELEMNE)

Table 6 Effects of pine pollen fermentation products on chromosome aberrations in mouse testicular spermatocytes

(autosomal monosomy)

4151 4R /(g/kg) LY SLZR A0 /A~ B Qe RN AR /A MR/ % P
RFIRT R 0.00 5 500 155 31.00 /
FH-PA: % B 0.04 5 500 158 31.60 0.838
ik 1.25 5 500 144 28.80 0.447
e 2.50 5 500 153 30.60 0.891
(=Bl 5.00 5 500 147 29.40 0.582
Fz7 MR LZEEYTRZEAE DML G AR RN (G

Table 7 Effects of pine pollen fermentation products on chromosome aberrations in mouse testicular spermatocytes (structural aberrations)

- HH SR WL 2 Pt thmy s/ A e IRIEAR A Yo (R P W 72 4 6L I 28 24 L »
N(g/kg) WA WA MUME S B4 ARER /Y% B4 R /%
sl RO 0.00 5 500 8 0 2 10 2.0 / 10 2.0 /
FH-P: % B 0.04 5 500 48 1 47 96 19.2 0.000%* 90 18.0 0.000%*
ik 1.25 5 500 8 0 1 9 1.8 0.817 9 1.8 0.817
e 2.50 5 500 10 0 3 13 2.6 0.527 13 2.6 0.527
[=BilEs 5.00 5 500 9 0 6 15 3.0 0.311 15 3.0 0.311

R8 MEBABEYITRFETARNSEE, SHESNEYSFAE

Table 8 Total body weight gain, total food intake, and overall food utilization rate in rats at different doses of pine pollen

fermentation products

53 45 i/ (g/kg) R/ B/ REYFHZEY%
X R 0.000 76.59+12.67 400.38+34.67 19.1142.35

s (RS 0.625 90.13+8 .47+ 391.12424.97 23.07£1.95%*
L ab | biie 1.250 83.58+11.93%* 407.00+36.91 20.64+3.18

= 2.500 91.3347.04%* 403.29+32.81 22.76+2.31%*
T R 0.000 160.14+13.01 461.42+27.78 34.74+2.53
Wt I 0.625 162.12+11.85 474.06+28.04 34.22+1.98
HE LBl 1.250 156.28+13.64 456.11425.05 34.36+3.56
[ Rk 2.500 153.41+£8.27 436.05+21.81 35.21+1.70
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T 55 5% BRZHAH LY, WA A6 A I ™ ) 45 0] 2 2 %o A
KERAEHE ., St a RS EYF F RS JCHE B0,
2,52 AMIEH K BE S M5t R R iR 6 ¥k

R 9 FIOL, FATEHR & I 1 %o 1 R BRI 11 240 B
TREC. AR, AT AN R AR L R A i A R ik
T ECE —E BRI, SR, X2 R LT Wistar
KA IE #2510 LA P, HLJCRA A 79 A v . 4%
AL SR ZE 0, I AR LR T IR A

%5

TR R BRI 7~ FE AR R

253

5,
'_XL’E'QI]@ o

ANAE I K BE 4 3 KR A A0S R

HIZR 10 ATUL, S5 RRZLAHEL, R0 A R R 0] it 241

AR TR I 5 RO, A B A5 5 2 9 i 2 A9
PRISAR KA BB AR . A NG 2 M AN A5 B 2 Il — PR
SRR 7R IF A M5 05, 1T LA R S S R AU 3% 10
AT, 25T RAAE Koy D Ty 4 R A B2 70 44 T e 2l
WA TR, SERAAER A AT REXS PIE A 450405 A —
E B RAP AT o
254 ANFER KB 3T R R NEAR LG R

HIZ 11 AT 0L, SxFHEZHAR L, B R B rb R &
10 700 S PP A AT BT BB, DR A U A L 2
KRB BEEA . ERPG R R N AR R
BEJEAR KA A, B AG A R R B o HED 3
RN US LI &

RO MIEMABFYX KR MG R0

Table 9 Effects of pine pollen fermentation products on hematology in rats

PR a5 FIAMMTTE 2rdnpitg marErmvRE aaef  m/dors PeekigniE WREAI g
h /(x10°/L) /(x10"3/L) /(g/L) 1% x10°/L 1% 1% 1%
BRI 5.0240.75 7.78+0.15 150.60+7.29  45.94+2.18  1001.0£250.2  1.00+0.13 3.7340.65  0.280+0.068
bt L3571 bris 3.60+0.92%* 7.39+0.25 147.30+4.60  43.48+1.50* 1094.0£98.9  0.73+0.18*  2.68+0.78* 0.190+0.052
A 5abi(hry 4.36+1.48 7.40+0.35 148.00+2.87  43.45+2.12* 1052.0+163.7 0.95+0.33 3.18+1.12  0.240+0.096
=il 3.41+0.88* 7.16£0.20%*%  148.30+4.58  42.26+1.27** 1009.0+193.1 0.76+0.18 2.46+0.70* 0.210+0.078
WRIN I 6.23+1.22 7.54+0.27 147.90£4.01  45.78+1.43  1204.0+83.7  124+0.18  4.67+1.02  0.320+0.077
- AR5 6.11x1.26 7.43+£0.17 147.90+3.78  44.89+0.90  1222.0+58.1  1.19+0.17  4.62+1.04  0.310+0.110
|
R 5.77£1.39 7.31+£0.16 147.40+2.51  44.50+1.39  1196.0+38.4  1.19+0.19  4.28+1.12  0.300+0.088
=5 iilE=+ 5.66+1.29 7.33+£0.24 148.70+3.71  44.45+1.55  1220.0+49.6  1.09+0.22 4.29+1.00  0.290+0.080
e TR A LA, *P<0.05, & 10, 11 [A],
Fz 10 MIEH LB M3 AR MAE KA
Table 10 Effects of pine pollen fermentation products on blood biochemical parameters in rats
KNG ARG R . . o PR
WA G G W PRE LR mpE  BEE AEA BEEEE Hh = W £ B i
B (mmol/L) /(umol/L) /(mmol/L) /Ag/L) /Ag/L) /mmol/L) /(mmol/L) /(mmol/L) /(mmol/L) /(mmol/L)
/UL) /UL) /AUL) /U/L)
0 49,15+ 196.90+ 124.00= 836+ 4341+ 433+ 4871+ 2828+ 1.87+ 036+ 147+ 66.09+ 0.58+  6.69+
STHE 891 2825 3791  0.94 7.09 0.83 335 2.02 0.13 0.07 0.37 218 0038 073
(Gl 3847+ 18480+ 11430+ 819+ 4510+ 4.79+ 4983+ 2843+ 186+ 041+  1.65+ 65.65+ 0.60+ 627+
ﬁ&ﬁ:‘}l 501" 2295 1423 084 8.32 0.88 192 098 0.13 0.10 0.48 1.27 0.07 0.49
i 40.97+ 172404 106,40+ 8.66+  55.58+  4.82+  49.74+ 2844+ 178+ 037+  1.66= 653+ 0.65+ 6.16+
608 3245 19.66  1.05 24.47 1.42 205 135 0.16 0.07 0.50 0.69 0.11 0.28
o 39.88+ 199.10£100.60+ 9.02+ 4496+ 471+ 4836+ 27.76+ 1.74% 039+  1.82+ 6596+ 0.60+ 6.78+
o 484 6720 1141 1.54 7.25 0.85 125 0.70 0.15 0.09 0.34 0.79 0.05 1.08
B0 5230+ 180.20£218.40= 7.66+ 33.07+ 648+ 5024+ 28.07+ 1.67+ 0.86+  1.43+ 63.85+ 0.51+ 421+
WHE  7.65 4443 2188 1.16 8.56 0.86 524 297 0.24 0.35 0.70 1.35 0.04 3.49
(Gl 50-00+ 18130419080+ 7.20+ 4187+ 641+ 5118+ 2877+ 158+ 0.89+  1.56= 64.57+ 0.54+  3.89+
#&ﬁ;‘}l 585 2836 2336 084 14.03 1.12 203  0.89 0.10 0.26 0.32 1.4 0.05 247
Y
ey S1L49% 18120419540+ 7.67+ 3472+ 620+  49.66+ 2796+ 154+ 091+ 192+ 64.08+ 0.54+ 5.83+
1412 5026 18.05  0.80 7.30 1.23 151 077 0.11 0.18 0.64 2.61 0.04 4.03
ponpey 47,96 163.004 19730+ 725+ 31.62% 755+ 5127+ 2872¢ 157+ 0.78+  1.68+ 63.69+ 0.56+ 4.82+
e 435 3399 30.68 0.66 2.56 1.79 1.05  0.66 0.10 0.16 0.66 1.77 0.02 7.11
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Table 11 Effects of pine pollen fermentation products on organ-to-body weight ratio in rats (%)
P51 25 OE i i (Sl JHIE B IE e £330
BT IR 0.39+0.06 0.22+0.04 0.025+0.006 3.11£0.17 0.86+0.05 0.23+0.01 /
et R 0.44+0.16 0.21+0.02 0.024+0.007 3.2940.11 0.86+0.05 0.23+0.01 /
Hh ) 0.40+0.03 0.230.02 0.029+0.008 3.33+0.56 0.88+0.04 0.24+0.02 /
Bl 0.39+0.03 0.22+0.02 0.024+0.008 3.16+0.25 0.85+0.008 0.2440.04 /
TN B 0.36+0.04 0.20+0.02 0.01140.003 3.44+0.13 0.79+0.05 0.2440.03 1.30+0.06
p” AR 0.36+0.02 0.20+0.03 0.012+0.007 3.36+0.09 0.79+0.05 0.23+0.02 1.2240.12
Hh ) 0.38+0.04 0.20+0.02 0.009:£0.007 3.27+0.07* 0.79+0.07 0.23+0.02 1.27+0.07
TR 0.37+0.03 0.19+0.01 0.016+0.008 3.23+0.21%* 0.79+0.04 0.23+0.01 1.33+0.05
255 ARBEFHE flavonoids and total phenols in Yunnan pine pollen [J]. J West China
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